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. " w4 - ABSTRACT

N . . B —

"The Ar:kl.ey Granite ‘Suite -occupies 2,415 km2 in southeastern
Newfoundlardd, and intruded across the boundary between the Avalon and
Cander tectonostratigraphic terranes. An Rb-Sr whole rock age of 355 % 9
Ma- is younger than 0ar/3%r . ages around 370 £ 5 Ma. Two calc-alkaline

granodiorite-granite plutons to the west and northeast of the Ackley Ca
, Cranite Suite prov1ded an Rb-Sr whole rock age of 427 % 12 Ma, in =
agreement with an I‘OAr/ 9Ar biotite age of 410 t 4 Ma. . 6

Much of the Ackley Granite Suite exhxbxts geochemxcal’.slgn,atures of -
~ A-type granites, and a muscov:.te-bearxng phase occurs im the north.
. Geochemical enrichmént/depletiqn trends culminate at significant, -
endocontact, spatially separate, aplite—pegmatite Mo deposits at
Recontre Lake, and gquartz-topaz-Sn greisen deposits at Sage Pond.
Hadrothermal muscovites from the -deposits rovxde almost identical )
40Ar/3%Ar ages, indistinguishable from %0Ar/3%r¢ ages of , biotite in \
granites. The granites and the mineralized areas have high-temperature,
magmatic, oxygen isotope signatures, with minor evidence. for
rhxgh—temperature meteoric hydrothermal activity at  the prospects, and
evidence for low temperature subsolidus exchange thh meteoric fluids’
through much’ of the Ackley, Granite Suite. The data confirm previous
interpretations that large areas of 3}the Ackley Granite Suite were
rapidly cooled, and together with fluid inclusion data, provide evx.dence
for the contemporaneity of magmatic and mmeralxzmg processes.
I

The southern Ackley Granite Suite is the frozen equivalent of high-
silica, chemically zoned, magma chambers responsible for the formation
of large ash flows. Convective fractionation may have operated to -
produce the Ypbserved chemical zonations. An emplacement model based on
available geophysxcal daq ndicates stoping of large (20 km x 10 km)
blocks from the upper to iddle crust in° response to regxonal crustal
extension and lower crust melting.

The H90 content anli the degree of trace elewent enrichment in the
magma appear to have be important controls on mineralization. The Mo
‘depodits formed from fluids evolved from a relatively Hy0-rich magma
while Sn mineralization formed from F-r}ch fluids evolved from a more
specialized, relatively anhydrous 'magma. A gerietic trend . from
sMo-mineralization - to Sn-mineralization during development of the
high-silica upper magma layer is suggested. '

-~

Keywords: Ackiley Granite Suite, granite, high-silica, post-téectonic, 0

tin, molybdenum, chemical zonation, metallogenesis, isotopes,
geochemistry, pluton emplacement. ‘ )
\ , .
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Figure 10: Distribution of fine biotite aggregates in the study
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CHAPTER 1 - INTRODUCTION

The study of granitoi;:i rocks provides information on crustal and
magmatic processes (e.g. (?happell and wr.xit%, 1974; Hildreth, 1979, 1981)
and on asgoci.ated "granophile" mineral deposits (e.g. Strong, 1980,
1981). Metallogenic and petrogeneiic investigaf@s b‘.ﬁ,g tended to be
independent” but are now beginning to converge, and many investigators
consider magma generation, magma evolution and ore generation as a

continuum of processes.

Major out'stading problems of granitoid mineralization as expressed
at an international conference on granite-related mineral deposits

. r d
(Taylor and Strong, 1985) were identified as followa; (1) whst are the

- /
parent granites like; (2) what are the ore deposits like; and (3) how
can the observed variabilty be explained? Current controversy centers
around magma source-materials, magma generation and fractionation

processes, temporal and ‘?hetic relationships of ores to associated

) 2
granites and lame magmatlg'to magmat ic-hydrothermal processes.

v

‘ \
Granitoid plutons associated with tin mineralization, "specialized"

granites of Tischendorf (1977), are commonly high in silica (> 72% sinz)\

.and the large~ion lithophile (LIL) elrments, and low in Ba and Sr (e.g.
Tischendorf, 1977; Lenthall and Hunter, 1977; Olade, ‘1980; Hudson and
-

Arth, 1983; Chatterjee et al., 1983), Comparable geochemical signatures

have been documented for granite-molybdenum systems, especially of the L




-2 -

Climax-type‘(Hutschler et al., 198]1; Westra and Keith, 1981; White et

ll.l'\l981) a\nd seveFal of these authors have comnented on the

similarities .between tin-bearing and molybdenumbearing granite systems.

.

Most studies of granophile ore generation have concentrated on
) :
small areas surrounding or defined by mines and prospects. Reasons for

this localization are: (a) many deposits are assgciated with small

<

granite culphas which are _apparen_tl‘y spatiglly, geologically or

. gReochemically distinct from associated large batholiths; and (b)_

logistical problems and financial restrictions commonly prevent large,

)
systematic, integrated programmes of study Qn major magmatic systems

associated with mineralization.

'Hildregh (1981) and Mutschler et al. (1981) emphasized tk%wed for

extensive ‘evaluation of .granitoid systems. This must involve the

collection of a large®and representative data set for each pluton of

.

interest, an exercise which has seldom been undertsgken, even for

batholiths associated with the.exceptionally productive Climax-type

¢

depdsits in Colorado. ~

The study ares in southeast Newfoundland (Fig. 1) is predominantly

e

composed of post-tectonic, high-level, high-silica, Devonian granitdéid

rocks (Strong et al., 1974; Whalen, 1976; Dickson, 1983). Spatially
. 4

.

separated aplite-pegmatite molybdenhte deposits and “cassiterite~

<

wolframite-bearing quartz-topaz greisen deposits occur in granite along

.

~

the gdouthern contact of _the study area, and extgnsive geochemical

enrichmeft/depletion patterns culminate in areas of known mineralization

-







\ - q -

(Davenport et al,., 1984). The granites in the southeastern part of the

o

» 8tudy area have been interpreted to represent a solidified, high-dilica,
. . rS

c—hemicully zoned magna chamber (Tuach et al., 1986). These rocks

intruded across a major tectonostratigraphic boundary between the
predominantly Precambrian wmetavolcanic Avalon Terrane and the
predominantly Lower Paleozoic metasedimentary Gander Terrane of the

Newfoundland Appalachians (Williams and Hatcher, 1983).

The area provides a unique gpportunity to investigate: (1) the

relationship of the separate types .of mineralization to the host

~

‘granites, (2) the potential influence of source rock on magna
composition .and ore formation, (3) the nature and extent of magmatic

precesses associated with mineralization, and (4) the -nature of the
L ) .
fluids involved in ore formation and in sub-solidus recrystallization,

The study was facilitated by the large library of rock samples, powders,

thin sections/and geochemical anafyses,. maintained by the Newfoundland

~Department of Mines and Energy.

1-2 OBJECTIVE

v

?
The objective. of this work was to investigate the nature and extent

of - the magmatic/metallogenic system(s) responsible for formation of

-

'minex"al deposits 'in the southern part of the study area, using a

{ '
combination of petrological, geochemical, isotopi&and flui‘d inclusion
studies. Problems of particular interest are: (1) definition' of _the

magmatic systems in the .study area, (2) the influence of potential

source compositions on the chemical patterns preserved in the granites,

L




(3) the nature and extent of the flyid phase and its rb{ationshig to

mineralizatiord, and (4) definition of the controls over tin-tungsten and °

LN

- molybdenum mineralization in high-silica granitic systems.

1-3 THESIS PRESEN‘»TION

N

“Following the introductory E:hap_ter, a review of mineral depcs/ts.
. . . . ' -
and metallogenic concepts associated with granite is presented in -

Chapter 2. This review is neceasary since there is considerable overlap

and confusion in terminology, particularly between different geographic

areas of the world. Furthermore, Tt outlines the concepts ahd

~

alternative hypotheses that are discussed in Chapters 10 and 11,

s . -

: L .

The resulti; of specific techniques of investigation are presented

in Chapters 3 to 9, and direct conclusions from the data are presented

and discusesed in the relevant Chapter. The results and’concliusions of
I4 LY

the various inveatigations are integrated and discussed in Chapter 10,

” where an attempt #8 made to define the magmatic/metallogenic systems in

the study area, The final Chapter discusses the significance of the data
and conclusions from the study area, with respect to magmatic, and

metallogenic systems in general,

Nomenclature, analytical techniques, anhylytical_ precision and
accuracy, results of microprobe analyses, wh.ole rock geo;:hemical ,
atfalyseq,,tables of correlation coefficients and fluid inclu.;ion data
. ; are presented in Appendices.b Small data tables are included in the

—N
relevant Chapte “

©

) - o« ) N
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1~4 NOMENCLATURE OF GRANITOID ROCKS IN THE STUDY AREA
The post-te.c:tonigv _granitoid rocks.which are the subject of this
thesis have been ¢commonly Feferred to as Ackley Batholith, Ackley City
Batholith, Ackley Granite and Ac.kley City Granite. Petrological,
geochemical, geochror'w.logical, and geophysical work, performed as part
of this study, require revision of unnamed subdivisions “(unita 9 to 15)

proposed By Dickson (1983) for these yocks, and a formal nomenclature

-

‘system will facilitate description in this thesis. .o

4
1 -

The proposed® nomenclature is presénted in Figure 2 and is
summarized/in Table 1. A review of previously used names and formal

proposals for abandoning some names, for boundary revision, for rank

elevation, and for new names, are presented in Appendix A.’

s

Introduction of new names af the beginning of the thesis, as
oppoased to performing the required changes in mid-thesis where the
supporting data are presented » is a practical proced‘ure which allows
continuity of description. Nevertheless, ‘referencea will be made to the
lithological subdivisions of Dickson (1983) in Chapters 3 to 8. These
references are necessary to illustrate the diacirepancies between the new
information and the former subdivisions and tolsubstantiate the local

redefinition of boundaries. . L e

+
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Table [: Area and general description of intrusive rocks

L ACKLEY GRANITE SUITE
(biotite-bearing)

Mount Sylvester’
Granite '

Kepenkeck Granite

Tolt Granite ‘

~

.Hungry Grove Granite

Rencontre Lake
Granite

Sage Pond Granite

.

Meta Granite

-~
 UNIT
(Dickson, 1983)

11 + 12

[1A

13

15

Total area of Ackley Granite Suite

OTHER

Koskaecodde
(Granodiorite ~
Granite) Pluton

)

Mollyguajeck
(Granodiorite -
Granite) Pluton

A

Geographic References:

<
Area of Intrusive Rocks Studied

t

GENERAL DESCRIPTION

" *AREA

(sq.km.)

Masgive, equigranular, (
coarse grained, =

As above, with
muscovite.
¢ - ' N
Massive, porphyritic,
coarse grained, =

Massive, equigranular,
coarse grained. =

Fine to medium
grained, miarolitic. =

As above,

Undivided, coarse
grained, massive,.

Massive porphyritic
medium to coarse-
grained, biotite and
hornblende grano-
diorite.

Masgsive equigranular,
coarse grained.

Northwest = Koskaecodde + Mollyguajeck + Mount Sylvester.
Southeast = Hungry Grove, + Tolt + Meta + Rencontre Lake + éage Pond.

Eastern

= Meta + Tolt,

220

85
8%0
635

190




1-5 PREVIOUS WORK

Detailed summaries of previous work in and agound the Ackley
Granite Suite ar.e presented by Whalen ‘(1976), Dickson (1983) and By
0'Brien et al. (1984). Résulta of geological mapping have been repétted
by Bradley (‘1962); Jenness (1963), ' Anderson (1965), 0'Driscoll and
Hussey (1978), Anderson and Williams (1971), Williams (1971), O'Brien et
al. (1980a,b), Swinden and Dickson (1981), Dickson (1980, 1982, 1983)
and O'Brier et al. (1984),

Geochemical analyses from the Ackley Granite Suite were incl;ded in
a reconnaisance report by Strong et al. (1974). Dickson (1933) presented
results of a region;al mapping, petrographic and geochemical surve;' over
the study area which was undertaken on a 4 km2 grid. A total of 357
stations were sampled and 482 sampies including station duplicates and
analytical splits were analysed for 11 major and 21 trace elements.

Field and analytical data listings and .CIPW norms of these ‘samples were

included in reports by Colman-Sadd et al. (1981) and Dickson (19813).
- ' ) o

-

Aplite-pegmatite molybdenum mineraliéati:on has long been known in,
the Rencontre Lake area (Whi.te, 1939, 1940; Fig. 2). The geology,
geochemistry and exploration history of these deposits were recently
described in detail by Whalen ‘,1976, 1980, ‘1953), Dickson and Howse

(1982) and Dickson (1983).. SRR .

Cassiterite-bearing quartz-topaz greisen veins were identified in

the Sage Pond area (Fig. 2) by Esso Minerals Limited (0'Sullivan, 1982,
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AN

1983) and by the Newfoyndland Department of Mines and Energy (Dickson,

1982; Dickson and Howse, 1982). Additional descriptions of these veins

were provided by Tuach (1984a,b,c) and the local presence of tungsten

mineralization was noted by Tuach (1984c).

Recent mineral exploration projects in the Ackley Granite Suite

have resulted from ,the release of geochemical data obtained in

government-sponsored lake sediment surveys (Butler and Davenport,
s . .

1979a,b) and have concentrated on the molybdenum or tin potential,

(Saunders, 1980; McKenzie, 1980; Burns, 1981, 1982; O'Sullivan, 1982,

1983). Geochemical studies of surficial deposits have been reported by

B

McConnell (1984),

b -

Gravity surveys were performed by Weaver (1967) and by Miller

(1986a; Fig. 3). These indicate that much of the Ackley Granite Suite is
. B - ”~

™

steep sided, with the largest Bouguer anomalies occurring in a north-

south trend through the east part of the Ackley Granite Suite.

v
-
v

Whalen (1983) noted similarities between geochemical patterns iﬁ a
10 km2 portion of the Rencontre Lake Granite in fhe Rencontre Laée area
and geoch?mical trends deEined by Hildreth (1979, 1981) in the Bishop
Tuff. He suggested that either crystal-liquid or liquid ;tate magmatic

fragtionacion models can account for the observed geochemical patterns

+in his study area. Results of recent geochronological studies have been

published by Bell et al. (1977) and by Dallmeyer et al. (1983) and these

gave ages of 355 t 10 Ma.







/
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1-6 GEOLOGICAL SETTING OF THE ACKLEY GRANITE SUITE
/

2

/

The Devono-Cafbonife;ous Ack‘iey Granite Suite intruded across the
fault zone boundary (Fig. 1) between the Avalon and Gander
tectonostratigraphic terranes of the Newfoundland Appalachigns (Williams
and Hatcher, 1983). This boundary is known as the Dover-Hérmitage Bay
Pault (Bla.ckwo;d and _d'Driscoil, 1976) and represents a zone of
sinistral strike slip movement in the middle-Paleo;oic (Hanmer, 1981;
Blackwood, 1985). Movement‘ on this Fault ceased aft'er the Acadian
Orogeny prior to emplacement o-f the Ackley Granite Suite (Blackwood .;ndl
0'Driscoll, 19}6;‘ Dickson, 1983). The late Devonian~Carboni ferous

environment was one of continental rift-controlled basins (Williams and

Hatcher, 1983), g

S ) .
In the Avalon Terrane, = the Ackley Granite Suite intruded Late

Precambrian rocks of the Long 'Har'bour', Love Cove and Musgravetown groups

?

(Bradiey, 1962; JennessA, 1963)., These are predominantly . subaerial,

siliciclastic, and silicic volcanic rocks with lesser volumes of basic
s :
volcanic rocks, which have been subject to low greenschist facies

metamorphism. The assemblages have been correlated with Pan-African Late
Precambrian s"equences in North Africa (O'Brien et al. 1983). The Ackley

Granite Suite also intruded Early Cambrian gabbroic rocks of the Cross—
i .
Hills Plutonic "Suite (Tuach, 1984a; and unpublished data) and Cambrian

or older sedimentary rockes of the Youngs Cove Grou;; (Williams, 1971).
; .

The Cross Hills Plutonic Suite may be correlated with ‘videly dispersed

Late Pan-African peralkaline activity in northern Africa and Arabia

(c£. Dryadail et al. 1984),

»
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In the Gander Terrane, the Ackley Granite Suite intruded: (1) Lower’
Paleozoic, predominantly marine,’ meta;edimentary and metavolcanic rocks
of the Gan:ier and Baie d'Espoir groups which have been.subject to middle
greenschi:st to lower an':phibolite facies metamorphism (HcGoﬁigal, 1973;
Colmal;r-Sa_dd, 1976), (2) undated, strongly foliated, granitoid plutons
and unseparated, high grade metamor’phoéed sediments of the North West
Brook and Eastern Meelpaeg complexes (DiAckson, 1983), (3) unfoliated
granodiorite‘to granite intrusions which :are named the Ko'skaecodde and
Mollyguajeck plutons in this thesis. The Lower Paleozoic sedimentary a‘nd
volcanic rocks are thought to represent a clastic wedge Eormed at the
eastern margin of thg Ia—petus ocean (}ennedy and McGonigal, 1972) and
are part of the Appalachian Orogen. The tectonic settings of the high
grade plutonic-metamorphi‘c complexes and of the granodiorite-granite
plutons ‘have not been ascertained, although they are confined to the
Gander Terrane of the Appalachian Orogen. The plutonic—meta_morphic
complexes may have been generated in a megashear environment related to
the Dover—Hermitage Bay Fault (Strong, 1980; Hanmer, 1981).

Roof pendants in the Avalon Terrane consist of metamorphosed felsic
and mafic volcanic rocks of ‘the Love Cove and Belle Bay formations
(0'Brien et al., 1‘984). Roof pendants in the Gander Terrane consist of

rocks similar to those of the North West Brook and Eastern Meelpaeg

complexes.

Metamorphic aureoles related to the Ackley Granite Suite are narrow

and generally less than 500 m wide (Dickson, 1983) indicating a shallow

.

depth of intrusion.




1-7 GEOLOGY OF THE ACKLEY GRANITE SUITE '

The Ackley Granite Suite underlies an area of approximately 2415
km2. in southeast Newfoundland (Figs. 1 and 2, Tablé 1). It generally
lies at an elevation between 200 and 300 m, with maximum topographic

-

relief of about 300 m exposed in coastal cliff sections in Fortune Bay.

It .is a high level, cross-cutting pluton, with narrow thermal
aureoles. Whole rock datin.gr by Rb/SrJ (Bell et al., 1977) and step-
heating of biotite and hornblende with #0Ar/39%r analyses (Dallmeyer et
a_l;L 1983),_gave ages around 355 t 10 Ma. The Rb/Sr age was obtaiqed
from six samples ‘colleéted from the Hungry Grove, Meta, Tolt_ and Mouat
Sylvester granites. The %40Ar/3%, analyses were performed on samples

from the eastern margin of the Tolt Granite.

- .

Geochronological data presented in Chapter -7 have confirmed the

Rb-Sr isochron of 355 % 10 Ma.-However, 40ar/3% ages of 370 £ 5 Ma are

7

slightly older. . ' '

Follouing‘ work by Dickson (1983), seven member granites are

-

recognized in the Ackley Granite Suite on the basis of variations in

mineralogy and texture (Fig. 2, Table l). Geological boundaries between

the granites have not been identified in the field because of poor

outérop, or the presence of gradati.onal boundaries Iin areas of good
exposure (Dickson, 1983). The Kepenkeck and Mount Sylvester granites

consist of coarse grainéd, biotite-orthoclase granite and mediun

Brained, biotite-muscovite-orthotlase granite respectively. -

>




. -

‘The Meta, Tolt, Hungry Grove, Rencontre Lake and Sage Pond granites
are composed of coarse ‘grained, equigranular to porphyritic, biotite
granite, The southern portion of the Hungry Grove Granite ma): contain
miarolitié cavities. The Rencontr ake and Sage‘Pond granites contain
abundant fine to medium grained, equigranular to porphyritic, biotite
granit‘e and are highly wvariable in texture. 4Giant (to 50 cm. across)
quartz crysta&t; artd blebs, pegmatite patches, quartz-llined miarolitic
cavities, granophyres, and gas Bréccias, occur throughout the
hornblende~free portion of-the Rencontre Lak'e Granir;e. -Small quartz-

lined miarolitic cavities and local gas breccias gre present ’in the Sage

Pond Granite,\but pegmatite patches and giant quartz crystals are rare,

Whalen (1980) and Dickson (1983) considered the fine grained marginal

granites to represent the roof zone of the Ackley magma chamber,

'

#plite dikes and bodies are present in all units of the Ackley
Granite Suite and internal intrusive contacts are common. Ceochemical

variation between textural varieties in any local area is minor to

°

absent.

~
<

" Dickson (1983)l described a single, thin, mafic dike 'Ai.n the Tolt
Granite. Minor small ( <20 cm), oval-shaped, fine' grained, diorite
xenoliths or enclaves occur in o;tcrops of the Tolt Granite at and near
the Burin Highway (Route 210) and can contain isolated large feldspar

) s

phenocrysts. These are the onl); recognized mafic flutonic phases which

may be geneticaily related to the Ackley Granitef Suite.
; \ .

N

.




[

- 16 -

The author has o!:tserved abundant xenoliths and large rast or t:_OOf
_pendants of- semipelitic schist near the western m%rgin of the Rencontre
Lake Granite, Bfad‘ey (1962) and Dickson (1983) have v mapped and
described large roof pendants in the Ackley Gra_nite.Suite in the Avalon

and the Gander terranes,
»

-

1-8 MINERALIZATION IN THE ACKLEY GRANITE SUITE
¢ .

Known areas of significant mineralization  are confined to the
. . 8 ’
southern margin of the Ackley Granite Suite (Fig. 4). Elsewhere,

.

mineralization consists of minor disseminations and blebs (predominantly
v ©

’ )
molybdenite) in thin and isolated quartz veins.
L] . . ) .

4

Endocontact, aplite-pegmatite type deposits occur in the Rencontre

Lake Granite at the contact-  of the fine grained margin or roof zone with

.

Precambrian silicic volcanic rocks (Whalen IQ76, 1980; Dickson and
A, ' -

House, 1982). A maximum of%S tonnes grading 0.3% MoS; and 106 tonnes

grading 0.14% MoS; have been indicated ‘by exploration -drilling of the

]
Ackley City and Wyllie Hill prospects respectively (McKenzie, 1981},
L] ) \

Cassiterite-wolframite-bearing (% gericite and/or kaolinite)

greisen occurs in easterly trending, steeply dipping veins and pods

within the Sage Pond Granite and as larger, p?ds (maximum 200 * 60 m) at
. < .

the granite contact in the Sage Pond area, Greisen veins are generally

. , .
less than 10 * 1 m in plan view and are found at or sear thesgranite

contact for 15 km between LongOHarbour and Gisborne Lake (Fig.. 4). -

Pyrite, fluorite, rutile and hematite are accessories in the greisen and

minor molybdenite is present (Dickson, 1983; Tuach, 1984a, b, c).
» . ' -

’

[ Y

4
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©

b v
Figure 4:

Geological map of the southern portion of the study area. The
names and locations of the significant mineral prospects are
shown. An area of more detailed study is ouflined. 13 - Tolt

Granite; 14 - Hungry Grove Granite; 14A - Rencontre Lake
Granite; 14B - Sage Pond Granite, * o
' <@

N (}tﬁ ) . .
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© ., CHAPTER 2 ~ GRANITOID ROCKS: THEIR MINERAL DEPOSIYS AND ASSOCIATED
4 "
\ : . :

" : METALLOGENIC CONRCEPTS . /

. C/

\ ’ ' . . !

2—-1 INTRODUCTION
\ 8 |
The purpose of this (‘\l{ap;et is' to review current definitions and

concepts relating to mineral deposits associated ‘rith granites., This is

necessary gince there is some confu'dion and overla_p' in the literature
concerning deposit characteristics and definitions, and there is
, - cons‘idérable confusion with respect tqQ granite nomenclature. This review
will form‘a background against which the discussion Chapters (10 and 11)

) will be presented. 3 -

“Plutonic , rocks of granitic composition occupy 40Z of the

continental crust. Ore deposits associated with granitic bodies contain
\

\ﬁe world's major economic/reserves of‘Sﬁ, W, Mo, Bi, Nb, Ta, F, Be, Li,

¥ 7%r, Hf, Ti, Sb, Ga and rare-earth elements, significant portions of the
= .
world's Cu, and variously contribute to world requiregments for 2Zn, Pb,

P, Al, Rb,.Th and U. Many of these elements are of vital importance and
are considered by governments to be ''strategic and c;itical minerals".

In particular, increasing world demand is projected for Nb, Ta, Zr and
rare-earth elements to fuel the development of the computer and space

~

’ .
age. A major demand for new primary tin is also anticipated, as

production declines from secondary placer deposits (Pollard and Taylor,

. 1985) . T. »




Felsic plutonic rocks are commonly clagsified according to relative
modal content A of quartz, alkali feldspar and plagioclase. Field’

boundaries erected by an international committee on nomenclature and

N
3

presented by 3treckeisen (1976; see Fig. 8), are accepted by‘ moat
workers. These rocks are divided into an oversaturated (with mpciul or
normative ciuart'z) -series of voluminous_extent in the eafths crust and a
spgéi.ally restricted undersaturated (modal or nc;rmati.ve feldapathoida)

or alkaline series. Oversaturated rocks are further classified as

calcic, calc-alkalic, alkali-calcic and alkalic on the basis of
' >

(N{<+JK20)/CBO ratios’ (Shand, 1950), and as peraluminous, metaluminous,

subaluminous and peralkalhine' on the basis of (Naj0+Ko0+Ca0)./Al,0q ratios

(Peacock , }9313 .

Granitoid rocks contain 5-60% modal quartz. Granophile mineral

deposits are defined as those with 5-60%7 modal quartz in the host or
. .

parent pluton (Strong, 1980). '

. ) .
2-2 MAJOR FAMILIES OF GRANITOID MINERALIZATION

’
2—'2—1 Introduction

There are four popular descriptions of granitoid mineraliza.tion in .
the literature. These are porphyry copper (£ Au % Mo), Climax—tyﬁe (Mo £
Sn, %* W; also termed gran.ite-molybdqnite' systems), granoph’ile \(Sn, W,
Mo, Sb, Bi, ¢t "U, t Ta) and skarn (W, Cu, % Zn, %t Pb) deposits.
Peralkaline deposits (Be, Zr, Nb,~Ta, Th, Sn, F and rare-earth. elements)

have recently been added by Taylor and .Fryer (1983). Major deposits of

Fe, Cu, Nb, Ta, Mo, P and  rare-earth’ elements  arce
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v .
associated with alkaline series rocks but aré excluded from. this

discussion. Abundant overlap is present between recognized families and

competing classification and nomenclature schemes have been variously

) 0 = ’
based on ' plate tectonics, inferred depth of forma‘tion, host rock

] U - . .
copposition, associated rock alteration, contained economic

“mineralization and morphology.

"Porphyry" is.synonomous with "stockwork” and has genetic overtones

which imply that a "fossil" hydrothermal system is present. A basic

\ a

implication of porphyry is that deposits are of Iargé [onnage and low
grade. Sutherland-Brown (1976) defines porphyry as "'pervasive primary

mineralization, spatially distributed on fracture or veinlet stockworks,
breccias, or as" disseminations, that are intimately associated with

-

- felsic p'lutons vhich almost - invariably display porphyritic texture to
some degree. Mineralization and alteration are distributed in efither
intrusive or host rocks in zonal patterns related to intrusive

»
-architecture". This definition is applicable to a wide variety of

o

important mineral deposits containing one or more of Cu, Mo, W, Sn, Au,

Ag, Sb and subeconomic Pb-Zn mineralization.
. . .

~ 2-2-2 Porphyry Copper

. ‘ ¢
The economic stgm.fl.cance of "porphyry copper" mineralization was
. -
initially recognized as a result of the application of bulk mining
. . ,

techniques to low grade disseminated mineralization surrounding bonanza
ore shoots of Cu, Au and Ag, at Bingham, Utah, in 1906. At present, this

type of deposit is estimated to contain approximately half of the world

3

N
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4

copper reserve and sigmificant Au, Mo and #g production is currently
-,
achieved. Porphyry coppers are concentrated in Mesozoic and younger

orogenic belts. Cordilleran (Cu, Cu-Mo) and island-arc (Cu-Au-Ag) sub-
L]

classifications primarily reflpect differences between continental and

an oceanjc setting (Tayler and Van Leeuvan, 1980).

These deposits consist of disseminations and fracture fillings of

chalcopyrite, bornite and pyrite. They are spatially and genetically

related to basic to’ intermediate igneous, -epizonal, generally

.

porphyritic, multiple intrusions, dyke swarms and breccias. The deposits

are commonly associated with small stocks or plugs which are thought to

‘relate to more extensive under lying calc-alkaline magma chambers, but

they may also be found in large magmatic bodies (e.g. Highland Valley in
- . .
the Guichon Creek Batholith; Olade, 1980). Host rocks for individual

. N Y - ,
deposits can vary from pluton to country rock to co-magmatic extrusive

-
equivalents. Alteration is widespread, exhibiting lateral zohation,
-

ideally from a potassic core, o;twards through phyllic, argillic and

propylitic alteration‘(Figure 5). Mineralization is often concentrated

at the interface between potassic and phyllic alteration (Fig. S). Most

deposits diverge from the 'ideal' patterns and massive ore bodies or
>

veins can occur within or outside of the porphyry system. Later

supergene axidation can greatly enhance the economic potential of these

~

deposits, : \\\\

Porphyry coppeq_systemg emplaced into carbonate rocks give rise to
stockwork and manto copper skarn deposits. These deposits are. generally

of higher grade than‘%ccompanying porphyry mineralization and exhibit
]

)
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»

different morphalogy ‘and alteration mineralogy, due to fluid reaction

" with carbonate rock at higher PCO; (Finaudi et al., 1981).

' A~spectr‘um of important deposits from porphyry copper to "porphyry"

* (or stockwork) molybdenum is associated with basic to intermediate

calc-alkaline plutons (White et al., 1981). Mo},yb'de‘nite‘is the dominant

‘economic sulphide phase in the latter deposits. n copper—moiybdenum

{

‘deposits, molybdenite is found internally with respect to copper in the

cylindrical ore shell. ,
Tungsten (scheelite) may be present and may be the only economic metal

- . (Westra and Keith, 1981). Important skarn deposits of tungsten may be

associated with porphyry systems,

: ‘ The common feature of all the deposits described above is the

agsociation with low fluorine and relatively high Ba, Sr, Cu, calc-

alkaline, mafic to ih'temlediate plutons of peraluminous affinity’
A ) ‘ '
(Mutschler et al., 1981). Porphyry copper-molybdenum deposits related to

alkaline plutons are recognized ds a separate subgroup “(Barr et al.,

1976; Westra and Keith, 1981). C .

2-2-3 Climax-Type f.
£

\

v Climax-type deposits have also been described as Granite-

A

molybdenite systems by Mutschler et al. (1981) and as stockwork

molybdenum systems. They are commonly subclassified, or confused with:

’

diorite-granodiorite relatedporphyry copper-molybdenum deposits.
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These deposits have attsined prominance in the past two decades and

' ‘ produce 502 of the world molybdenum reﬁ,uirements. They are associated
with highly di.fferentigted multiple intrusions of high-level ( 2.5 km !
depth), peraiumi‘nous to metaiuminous,, aplite and/or rhyolite porphyry '
and/or granite stocks and plugs with silic‘a content of greater than 73%,
i.e. they are associated with plutonic rocks of granitic composition

(Mutschler et al., 1981; Westra and Keith, 1981; White et al., 1981).

(3

Hydrothermal breccia pipes are common features of these systems.

_ The idealized economic deposit (White et al., 1981) is eIliptical
in pian, -arcuate-concave downwards in section and is centered on the
apex of a plug shaped intrusion (Fig. 5). The depos.it either overlaps orr
is found 'in excess' of 100 m above the parent intrusive bociy. Several

overlapping ore shells relating to separate intrusive phases may occur

-

)

(seedorf, 1985). Molybdenite, associated with pyrite and accessory

fluorite in atockw'ork veins and sheet veins, is -the dominant economic.
mineral. _'Tungaten mineralization ’(’hubnerite-wolframite, or rarely
scheelite) occurs abov; thé molybde‘nite ore zone, and anomalous tin
(pt:obably casgiterite) may- coincide with the tungster; halo or may occur
.with ahomalous base metals (Zn; Pb, Cu, Sb) well above the ore zor:le.
Alteratioq patterns i:\ the ouier portions of the Climax-type system,are

‘similar to those associated with porphyry c0pper"‘d’epqsits. However, the

ore zone Xs hosted by a quartz-magnetite-topaz-fluorite (t biotite, +

chlorite) asgemblage and late greisen veins occur in and beneath the org

zone. — S Pal

'
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Molybdenum—tungstén-tin skarn deposits are formed when Climax—typeJ

systems interact with carbonate rocks. A continuum from granite-related

. o - ‘ "
Climax molybdenum to diorite~granodiorite ~related porphyry copper
ki .

- ) .

environments has been described (Westra and Keith, 1981; Mutschler et

>

al., 1981). : ) o,

A striking similarity between major and trace element compositions

. . -

in zoned rhyolite tuffs and unaltered host plutons to the Climax—type

>

ey

deposits was noted by Mutschler et al. (1981). These authors suggested ,

that magmatic diffusion processes (Hildreth, 1979, 1981) are impor tant

-

controls on primary ore metal concentration if the host pluton does not

vent to surface during initial emplacement. In addition Mutschler et al.

s

(ibid.) noted similarities between element patterns associated- with

3 - -

Climax-type 'plutons' and those patterns ceported from "tin-bearing

grénophile deposits {Tischendorf, 1977).

'] . . . . : s
Climax-type deposits are generally found in Magozoic and younger

orogenic belts and are best defined in the western United States.,-

Canadian examples of probable Climax-type, asstciated. with leucocratic ,

. i granitic and alaskitic granite plutons, include 'Endako, Glacier Gulch

and Adanac (Drummond and Godwin, 1976). The huge Quartz Hill molybdenit% N,

deposit in Alaska has_been‘dahcfibed'by Hudson and Arth (1983). Recent

e

studies of tin and molybdenum mineralization associated with Proterozoic

rapakivi granites have_indicated.alclimax-type affinity (Hadpala, 1985).

- 1]
° s

. 4 . .
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.2-2-4 Granophile Deposits

s : . v
. ! B - ‘ _— .
hd ] " . - )

. - Granophile (or granite associated) deposits containing tin have
o

been the worlds major soufce of this metal since the
) : ¥ T
s’ ’ . : o ) Q.

bronze qée and
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* approximately half of current world tungsten production is obtained from

deposits which can be placed in this category. Bi, Mo, Sb and more
r‘ece"ntly_u, were and have been extensively mined in the 01d World. These
~deposits have been the subject of much study, resulting in models which

haive dominated metallogenic and geological concepts outside North
m;eriéa kFig'. 6). ¢

G_fanophile deposits are defined by Strong (1980) as "typically
hosted by quartz-rich leucocratic granitoids (granites, sensu stricto; '
722"‘5{02) enriched in the 80 called gr.anophile elements"., These
granophilé elements include the Larée Ion Lithophile (LIL) and
incompatible elements Sn; W, U, Mo, Be.:, B, Li, P an’aﬁf‘ are of mavjor
importance, and significant concentrations of Nb, Ta, Bi and Ag may
occur. The parent granites are peraluminous and generally contain

biotite and muscovite. Tourmaline and fluorite are common accessory

minerals.

The various forms of granophile deposits are supmarized
s;:hematically in Figure 6 (after Pollard and Taylor, 1985).‘Based on the
historical and economic preference to mine high grade vein material,
<gran.6phi1e deposits have been claséi‘fied into quartz, greisen, or
pegmatite .bodies, These deposits can occur. as single vei‘.ns, or vein
swarms over large areas. Recently, 1important massive carbonate‘
" replacement deposits and skarn deposits have been discovered (Pollard.
and Taylor, 1985). Stockwork "porphyry"” fracture fillings and
diss'eminalted Sn and Sn-xg systems have been recognized as important

.

economic targets in or above subvolcanic plutons (Sillitoe et al., 1975;

Grant et al,, 1977). Other large tonnage-low grade deposits, e.g. East

’







-

T . ~ 28 -
Kemﬁt\}i.lle, Nova Scotia (Richardson et al., 1982), consist of shegts of

greisen veins,.

RN e
Deposits are ‘often associated with plugs or cupolas on the upper

surface of large granitic bodies. In addition, these deposits are

.

comdnly found at or near- the margins of large negative gravity

anomalies which may represent subsurface granitic bodies. Mineralization

can be located within the host pluton (endocontact)'or outside of it

’

(exocontact). Textural, lithogeochémical, mineralization and alteration

ﬁatterns éommonly parallel or are strongly influenced by the granite

margin. Metal zonation is highly variable but shows s general outward or

'j’ ®

down-temperature gradient -from W-Mo-Sn to Cu-U to Pb-Zn-Ag (ee.g.\'raylor,
"x‘19.79). Cassitfrite and wolframite are the most im-ortant tin and
tungsten minerals.

Widespread accessory mineral -phages consisting of one or more of
fluorite, topaz, lepidolite and tourmaline m:y be present in the host
granite, and these are generally considered to be secondary subsolidus
minerals. These minerals form sfrei-den veins or borders to quartz greisen
veins, Topaz-quartz greisen forms as high-temperature replacement af

original granite (Kleéman, 1985) and muscovite-quartz greisen borders

are common to veins formed by filling of open fractures.

¢
In many mineralized systems, spatially extensive hydrothermal
alteration features are not present in host rocks to high grade veins.
Albitites or syenogranites, formed by high temperature sodium

metasomatism, are associated with granophile deposits and often occur

1Y
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adjacent to uranium mineralization (Chatterjee et al., 1983). Zoned

\
sericitic, argillic and silicic alteration has been described from

. "
"porphyry" tin deposits by both Sillitoe et al. (1975) and by Grant et

al. (1977).

Extensive kaolinite deposits (argillic alteration) may %e present,

.

ofe which the china clay‘ or*e.bodies'in southwest England are the moat
important. Thias clay alteration has overprinted grﬁisen features?related ‘

to tin and tungsten mineralization, causing .controversy over the
temporal and spatial relationship ‘of alteration to granite emplacement

.4 ' \

and metal depositéi.on (see revjew by Stone and Exley, 1985). “The current §
",-cons‘ensus‘ is that extensive low temperature hydrothermal circulation
systems we.re periodically established over long #ime intervals in the
granite, due to high initial content of radiogenic elements (U, "I'h, X)

and led to extensive kaolinization (Allman-Ward, 1985).

»
+The similarity between host plutons, morphol‘ogy, major and trace
element geochemistry, alteration assemblages and  metal content,
. indicates that Llimax-type and granophile Mineral d~epo. 'tn. have a
comparable genetic‘histofy. Many granophile deposits are 1 \ted in
‘Paleozoic to Mesozoic orogenic belts. These belts have generally been
Verodez.i to deeper 1evels( than the .younger M"esozoic to Tertiary belts

- . N »

which contain Climax-type deposits.

. 2-2-5 Skarn Deposits ) ' (
. Y ) '

\

. Granitoid skarntdeposits are exocontact concentrations of metallic
r

mineralization derived from or by, emplacement of plutons into carbonate

’ )




J
rocks. The mineralization ig commonly massive, Su‘t disseminated, vein, or
stockwork zones are present. Skarns a;'e chafactefized by Fe-Mg~Mn
bearing silicates’ formed by metasomatism and replacement of impure
carbonate rocks due to passage of pluton-;elatezz magma.tixc‘ or metéox:ic
hygirothermal‘fluids. Skarn i_s cla;asified on- the basis_ of mineral
a;lsemblage prés?nt, while skarn deposits are classified on the.basis of

the contained economic minerals (Einaudi e'til al., 1981).

v

Scheelite—beafing skarn deposits associated with granodiorite or

quidrtz monzonite plutons contain 507 of the world tungsten reserve

.
<

(Einaudi et al., 1981) and significemt Fe, C‘u,' Zn-Pb, or Mo dgposita may

be present. Minor, quantitif}n of W, Au, Ag, Sn, Be and Bi have been

produced from skarn .deposits associated with leucocratic plutons,
. . e ”

although significant tin-skarn deposits may occur {(see Fig. 6F; Pollard

' -

and Taylory-1985), .

Tungsten skarns ares generally stratiform showing selective
alteration and deposition in preexisting beds. The major deposits do not
contain dyke swarms, tuffisites, or breccias and alteration in granite

. .-

is restricted to. a narrow zone of clinopyroxene~plagioclase-epidote
. F

adjacent to the contact. In contrast to tungsten skarns, copper skarn
deposits may exhibit zonal alteration comparable to that of porphyry
copper deposits and are interpreted to have formed at shallower depth

that tungsten skarns (Einaudi et al,, 1981).
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2-2-6 Peralkaline Granite

Taylor and Fryer (1983) have suggested that Zr, Nb, Ta, Be, F, U,
Th, Sn, rare earth element-rich con’centr.ations associated wkth
peralkaline granites form a major class of .granitoid minér;liz‘ation.‘
Those metals a;e used in high technology industries'and* have generally
been obtained as by-products from.oths:-r types of d'eposits._ Their
increasing importance will prob.ably result in devellopment of new mines
for primary production.” 'Relatiyely few major. d'epoéits related to

’ . 4
peralkaline granites have been mined, with the exception of the St,

Lawrence fluorspar veigs (Strong et al., 1984), ,

P

e

These - déeéposits vary considerably in their mineralogy and

morphology. One or more of zircon, monazite, bastinaesite, pyrochlore,

xenotime, gittinsite and many other comparatively rare minerals may form
)

ore assemblages. Fluorite and barite are commonly presént and may form

[y

ore.. Tin, uranium and thorium may occur. Mineralization varies from

_ magmatic-pneumatolytic to hydrothermal (Sorenson, 1974)., Deposits may

occur as single or multiple veins, shears, vertical o flat lying

pegmatife sheets, greisens, ‘or as enriched layers in highly
differentiated granite. They are generally associated with small, high
level plutons which asre commonly (not always) located in more extensive

provinces of alkali volcanism and plutonism. These provinces are thought

to represent areas of crustal tension or mantle upwelling-(Bailey, 1974,
N .

Taylor, 1979). ‘ .
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Extensive albitization, locally with disseminated mineralization is

3

described from many minéralized areas. Fluorite, R-feldspar, aegirine
and carbonate alteration may oéur in many of th‘e vein system;. Other
deposits, particularly late magmatic deposits and open fracture;fill
deposits, may not show obvious"alteratP-rr-features, although a high iron

content and a red-brown colour are distinctive of highly differentiated

peralkaline granite.

Included in th,ié group are the Sn-Zn-Ta-Nb deposits of Nigeria
de;scribed as pegmatite and greisen veins and dis.”seminatec'l;stockworks
associated with eodium metasomatism (Jacobsen et al., 1958, :Kinnaird\_gr;
al., 1985).;1the fluorite qéposits at St, Lawfénce‘, Newfoundland (Teng

and Stfong, 1976; Strong et al., 1984),. consisting of open fracture—
! . \ .
-filling fluorite with little obvious associated alteration, Be—-Nb-Ta~Y-

U-Th, deposits at Thor lLake, North West Tetrritories (Davidson, 1978;
- ,
Trueman et al., 1985) which are located in quartz-albite-fluorite-

carbonate breccia ‘zones, the Strange Lake Zr-Y-F-Nb deposits in Quebec-

.

Labrador (Currie, 1985), and similar deposits in Saudi Arabia (Drysdall
5 :

et a -,
et al.,

o

t al., 1984; "Jackson et al., 1985). These Zr-Y-F-Nb deposits are‘

associated with late magmatic, relatively unaltered phases of

peralkaline granites and with related aplite, pegmatite and hydrothermal
i

breccia. ) o
J .

2

2-2-7 Models of Ore Formation

Models for the formation of porphyry copper mineralization are

. .

"based on the study of deposits in the southwestern United' States. These
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nodels are centered around t?he separation by retrograde boiling and
vertical rise of high salinity, metal-rich, magmatic fluids from a
p{)rph_yritic stock' or' plug, euring and ;fter emplacement and
crystallization of .the carapace of the magma chamber. Metals are
precipitated from these magmatic frluigl‘s‘. The magmatic -fluids may
interact with an external, convecting system of meteoric fluids;
generated by heat from the intrusion (Henley and McNabb, 1978; Burnham,
1979). Variable interaction between t}-\/e magmatic and meteoric flu‘ida, in

time and space, causes differences in observed alteration and economic
sp'lphide distributions and can result in concentration of metalliferous
proto—ore which was precipitated from magmati‘c fluids® (Henley and
l:icNabb, 1978; Taylgr‘\'ﬁnd Fryer, 1983%) Varivati‘on of hydr%gen, sodium and
potassium cation dactivity in hydrothermal fluids is an important control
on minerglization and alteration patferns developed. Possible reaction

Hpaths for fluid evolution in these hydrot@ermal gystema are discussed by

Beane (1982). - '

Models for the genesis of Climax-type deposits are simi'lar to those
erected for porphyry copper systems and are based mainly on studies o_f
the Climax and Urad-Henderson deposits in Colorado (Wliite et al., 198];
Stein and Hannah 1985). These envisage -concentration of volatiles and
ore elements in a late magmatic phase by crystal fractionation Aand/o‘r
‘liquid state diffusion, followed by separation of a fluid pha;e and
partitioning of fluorine and ore metals into the evolved flui.d.

Brecciation is caused by fluid overpressure and the characteristic ore-

-

elements are precipitated as a stockwork deposit. The spatial and

temporal overlap of several separate intrusive phases and associated
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mineral-rich hydrothermal systems, accoqpanieq_by«the interplay, between

-magmatic plume ‘and meteoric convective systems may cause variations on

L]
the main alteration theme (Seedorf, 1985). TInteraction of the

. r R .
mineralized system with convecting meteoric waters is thought to lead to

‘e

the formation of the late greisen veins and base metal mineraljzation.
The chemical controls of the hydrothermal systems are less understood

than those for the po;Bhyry coppefrenvironment; the actiwity of fluorine

A

4 ’ N
is thought to be of primary importance aad hydrogen and potassium cation

exchange may be significant factors (Bure, 1981). .

“ ) . .
The genesis of granophile mineralization has been discussed by

Burnham (1979) and Strong (1980, 1981) and is comparable to that of the

w

Climax systems. These authors envisage magmatic concentration of

volatiles, followed by fluid separation and ore deposition, at or near

v -
the carapace of the magma chamber. The widespread relationship of
breccia pipes _and stockschieder to areas of tin and tungsten
mineralization imply a close genetic link between crystallization,

devolatilization of the parent magma and minqralization.

Magmatic . concentration of ore elements and volatile phases,
accompanied by high level plutén emplacement again seem to be rimportant
controls in the peralkaline environment. Important components of the
fluia éh‘se are F~, €032~ and Na* (Taylor and Fryer,>l983).

-

Aplite-pegmatite, massive greiaén deposits, and magmatic deposits

are/ generally- considered ta, ;epreseht deeper levels of ore formation

(Strong, 1980). Veins and breccias are considered to form under lower

confining pressures, (Pollard and Taylor, 1985)

-

Ax




2-3 MAGMATIC-METALLOGENIC CONCEPTS

2-3-1 Imtroduction-

The granitoid  magmatic-metallogenic-volcanogenic system, as
concéived by most authors, can be considered as part of a conginuum of
physical and cheﬁical processes in threé main environments. These threa
environments are: 1) the Source Regions, where discrete magma' bodies
form through coalescence of material derived through partial ﬁelting of
a source rock, or where silicic magma forms through fractionation
processes from larger, less evolved magmatic systems, These processes
may operate extensively in the lower crust or upper mantle at depths
greater than 20 km and fractionation processes may produce relatively
minor granite bodies at depths of less than 20 km; 2) Ascent and
Emplacement predominantly inQolves vertical rise of magma tg;ough
diapirism or stoping. The liquid may be- partly ér completely separated
from its parent rock and crystallization and fractionation processes may
operate extensively in this environment; 3) Final Crystallization and/or
Fractionation where the magma system 'freezes'. If the magma collects in
large chambers at high crustal levels, and is maintained as magma by a
‘large thermal input to higher cruétal levels, then extensive chemical
fractionation may occur. This enviromment Qay be dominated by crystal or
liquid;state_ physico-chemical fractionation processes and be strongly

e
influenced by fluid phases in the magma. Physical progésses related to
volecanigsm and possible caldera formation may be be important.

.

The tendency for the recognized types of ore deposits (Porphyry

copper versus Climax and Granophile) to occur in a\lﬁﬁ'c'iatig with
]
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plutons of specificvcharacteristics implies anvimportant petrogenetic
control over the metallogeny. Magma ascent to higﬁ crustal levels
(generally'Lgss than 5 km) appears to be important ‘for the devéIOpment
of large granitoid ore deposits. Therefore, depth or pressure and/or
heiggt of the magma column in the crust requires consideration. In
addition, some investigators suggegﬁ that the main or only role of the
pluton is to provide a'heaﬁ source to form convecting meteoric water
systems.‘In these convecting systems, metals frg@ the granite or from
the host rock are leached out and may be precipitated as granophile

deposits.

|

Source rocks and/or fractionation processes are considered by most

authors (cf. Strong and Chattetjee, 1985) to be the most gignificant

factors in controlling metallogenic processes in granitoid~£9e&s. Some

major features of recent concepts are reviewed below.

2-3-2 Source Concepts

.

Partial welting of lower continental crust or upgper mantle

protolith in continental environments may form extensive bodies of
g

granitic magma. A diverse range of potential source compositions is
+ ’ :

‘provided by three main contlnental tectonic environments which are; (1)

Subduction Zones (Hamilton, 1969; Atherton et al., 1979); (2) Megashear

accompanied by tectonic thickening (Arthaud and Matte, 1977; Strong,
t

1980; Strong and Hanmer, 1981); (3) Crustal Extension accompanied by

mafic underplating (Hildreth, 1981; Thompson et al., 1984),
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Additional source rocks are present 1in the oceani¢ environment.
Trondjhemitic granitic magmas may form in ophiolitic suites and in
h ,
island arcs developed over subduction zones in oceanic crust (White,

" 1979). Minor volumes of felsic plutonic rocks, commonly. with alkaline

affinities, form in oceanic islands.’

An limportant develjopment in the understanding of granitoid rocks
has been the clasgification of p‘lutons in terms of their probab-le f;ource
or protolith (Table 2). Chemical. characteristics of platons derived from
a crustal igneous protolith (I-type) and from a crustal gedimentary
protolith (S-type)’ wére initially proposed for -examples in eastern
Ausgralia by Chappell ‘and White (1974) where the possibility of a
significant p;rent component or 'restite' fraction was identified and
chemically evaluated. Subsequently, the'concept of Anorogenic or A-type
granitoid bodies, derived by a second stage of melting from a preiriouslyv

melted crustal source was proposed by Loiselle and Wones (1979) and

Collins et al. (1982). Characteristics of the I-, §-, and A-type plutons .,

were summarized by White and Chappell (1983). White (1979) introduced

t
M-type, or mantle derived plutons which are tonalitic-

tro;\djhemitic—dioritic bodies associated with ophiolitic environments
and oceanic island arcs. Pitcher (1983) identified the Caledonian I-type

.pluton, associated with post orogenic environments in relatively stable

~

tectonic re{imes (Table 2).

Pitcher (1983) discussed the tectonic significance of these
‘claasif\ications. He suggested that they are useful in determining the

njture and polarity of major orogenic events.




Table 2: Granite type- (summarized after Pitcher,
. . }

Type
Dominant
Lithology
Initial
87sr/86sr
Al/(Na+K+Ca/2)

Morphology

Volcanism

Duration

-

Tectonic
Setting _

Mineralization

M

Plagiogranite
~-gabbro

0.704

Small,
complete

Island Arc

-Short,

sustained-

Ocean Island-
Arc -
&

Porphyry-
Cu, Au

I-Cordilleran
Tonalite, diorite-
monzogranite

(53-762 si0;)

0.706

1.1, often

Multiple linear
batholiths, composite
cauldrons-
Andesite-dacite

Long, episodic
plutonigm

Andinotype-marginal
continental’ arc

Porphyry-Cu, Mo

I—Caledqnian

Granodiorite-granite
Assoc. with minor
diorite and -gabbro

0.705-0.709

Isolated complexes
multiple plutons; .

sheets

' Basalt-andesite

plateau lavas

1

Short, sustained,

post kinematic

Caledénian—poat
closure uplift

Rarely strong
mineralization

Granite
(65-74 $i0,)

0.708

v

1.05

Multiple
batholiths and
sheets-diapiric

Generally
rare

Moderate, syn.
and post
‘kinematic

Hercinotype

continental
collison +

shear belts

Sn_* W greisen
+ veins

A

Biotite granite
alkalic granite
syenite

0.708-0.712

N6t all
peralkaline

Multicentered

cauldron
complexes

Alkalic lavas
Calderas

Short

Post-orogenic
to anorogenic ,

Columbite,
cassiterite,
fluorite

LS
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Ultimately, a mantle source is envisaged for many batholiths,

particularly for the Cordilleran batholiths (e.g. Atherton et al., 1979;

- DePaolo, 1981). Tindle and Pearce (1981) and DePaolo (1981) envisage a
process whereby fractional crystallizationh of mantle-derived hydrous
NS .

mafic magmas trapped in hot c¢rust, together with progressive

. assimilation of sialic material, gives rise to the granitic magmas .
e L .

/

N

. Underplating of the continental crust (cf. Hildreth, 1981) may take
plac‘:é-due to mantle convection. A n!ore-sophisticated model has been
proposed b)r-Thompson et al. (1}984). These authors envisage that the
thickened su‘blc:)ntinental lithospheric mantle root of a collisional
orogen subducts, or falls off, This permits upwards flow of the
"fertile' ocean island basalt source-mantle (relatively ‘rich in
.incomp‘atible elements). Abugdant melting of this mantle is accompanied
by’ fractional crystallization and melting of sialic rocks and gives rise
to incompatible element-rich (A-type) .;.ma,togenic magmas and ultimately

to peralkaline magmas. .

Many authors have linked mineral deposits to the A-, S-, I-

classification 'scheme, thus implying -an important source control on

metallogenesis.. S-type plutons are considered to be associated with

granophile Sn-W oxide mineralization and I-type plutonﬁ are ’consid?ered
to be associated with Cu-Mo porphyry, sulphide deposits (e.g: White et

-

. ] .
al., 1977; Beckinsale, 1979). Significant Sn, Nb, F, and -rare earth
mineralization may be associated with A-type plutons (Collins et”al.,
1982; Taylor et al., 1985), and the host rocks to the Climax-type

depoaita have A-type affinities. The Proterozoic rapakivi granites also

Bire
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have A-type affinities (Haapala, 1985),. Porphyry Cu and Cu-Au deposits

ave asgociated with M-type plutons and significant mineralization is not

considered to develop in association with Caledonian I-type bodies

(Pitcher, 1983),
N

Calc-alkaline granitoid rocks in Japan were dividéd .into. a

magnetite-series of rocks associated with Cu + Mo sulphide deposits and

an ilmenite-series associated with Sn + My oxide -deéposits by Ishihara
- [

(1981). This classification, which is based largely on petrographic and’

petrochemical criteria, dommpare directly to the S vs 1 scheme

of Chappell and White (1974) and has not been widely accepted,

. . ,

,Enlarging on the'work of Brown and _Fyfe (1970) and Burnham (1979)
Strong (1980) emphasized that the ability of a granitoid melt to ascend
from its depth of _férmat: ion to high crustal levels is dependant on water
and volatile content of the magma in dddition to source composition and
degree of meltingr. The ;dater and volatile content of the magma may in
“turn be controlled by water and possibly volatile ctohfent of the source
region (cf. Collim:; et al., 1982). Mafic magmas with low water content
‘ would be able to rise to high' crustal levels prior to crystallization
;(intersecti;on of the solidus by the magma) and hydrous, 'volatile—rich,
felsic plutons will also rise to high crhétal levels due to-suppression
of the granite-solidus by volatile complexing in the lxquxd-silicate

=

"’ phase. In nddltxon, Strong (op. cit.) pointed out that plutons formed

R a

with 1ntemed1ate dissolved H,0 and low LIL content will crystallize at
intermediate depths. Significant ore deposits will not form in this
environment due' to the absence of convecting meteoric fluids, except

under special circumstances (Strong, 1980) . 2
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Source composition strongly influences the chemistry of derived

¢

granitoid bodies, their ability to ascend in the crust and consequently

their ability to form ore deposits. In addition, limited partial melting

4

would enrich the magma in LIL elements (Strong, 1980) which in turn
. .

would depress the granite-solidus and decrease viscosity (see Dingwell,

1985). LIL ele nt-enriched ‘ magmas have greater potential to rise to

high crustal levels and to form associated ore deposits.
b [

f
I

|

.

A classification system based on perceived genetic source (A vs I

vs S) does not provide a sound basisl for detailed study of granitoid.
deposits., The subdivision of major stockwork molybdenite depoei‘ta into
Granite and Granodiorite (Diorite) systems by Mutschler et al., (1981)
“is .4both" empiriqal and can be explained in genetic terms (e.g. Strong,
1980, 1981). This terminclogy 'could be expanded to provide a primary
subdivision for all granitoid deposits (e.g. Table 3). The term porphyry
_has ~g§ined such widesp-read application tf\at_it ha.s become redundant as a
use.ful genetic or descriptive term. Porp;hyry coppér ores associated Hlth
more mafic plutons would best be called granc;diorite—c&)per stockwork
deposits'; Climax, porphyry tin and peralkaline would be related via
.their‘ association with silicic lmégr‘natism and a1l termed granite—;ystemn.
Many deposits are spatially removed from the parent body (par'ticul‘atly
veins and pegmatites) such that identifi;ation of the associated
granitoid composition may be impossible. However, emphasis on this
‘fact‘or‘ may be fundamental to achieving a full understanding of the

s

metallogenesis of these deposits.

.




Table 3: Description and classificatian of mineralization associated with granitoid
rocks based on- empirical and genetic observations (am enlargement of
proposals-by Mutschler et al., 1981). . ,

- SYSTEM‘DESCRIP{ION- < - MAIN QUALIFYING DESCRIPTIONS
: . PARENT ORES\ ] MORPHOLOGY ALTERATIQN» TECTONIC SETTING
OXIDE

Zircon ,

(-peralkaline-) Tourmalinite

" Yttrium Breccia Albitite - Peralkaline or :

Rare Earths Stockwork Greisen Post Oroggnic (= Caled.I?) -
Thor fum Massive Potassic . .

GRANITE Niobium Vein Sericitic _ -

. ~Uranium Lode : Argillic Anorogenic (= A-type)

Molybdenum  Shest Propylitic - !
Tin | Disseminated also Continental (= S-type) hey
Tungsten Skarn : Chloritic - Collision f
Antimony . Clay ¢ -
Bismuth

: SULPHIDE

- ‘ o Tungsten
GRANODIORITE MonbdenumH . Pacific (= I-type)
Copper (Gold) - Margin
(Diorite) » Copper . o . -

Gold Island Arc (= M-type)

e.g. granodiorite-tungsten skprn deposit or granite-tin stockwork deposit. : é

o

o
. N 1
\
\ .




2-3—-3 FPractionation Processes

The processes which affect the petrological and chemical variation

in the magma after 1its 'separation from the Bsource region include

Pl

fractional crystallization and filter pressing (McCarthy and Hasty,

1976), volatile phase transport in the magmatic stage (Bufnham, 1979),

thermo graviltational diffusion and 1érge écale magma convection (Shaw et

al., 1976; Hildreth, 1979, 1981) and convective fractionation (Rice,
N

1981; Sparks et al., 1984). The above processes may he influenced by
changes in melt structure (Hess, 1980). Restite unmmixing, crustal
assimilation and magma mixing may strongly affect compositional trends

in magma series and may also contribute to the LIL element eprichment
g y y

procesas,

N

The process. of crystal-liquid fractionation has traditionally been
va 3
considered to -be dominant. This model .proposes that elements in the

silicate melt are seiectively’ removed by the stable crystallizing phases

v

¢ -

(predoninantly feldSpaf and quartz, with lesser 5§.otite, hornblende and

pyroxene in granitoid systems) with resulting enrickKment of the lesa

compatible elements in the inter-crystal melt., Extensive geochemical

variation in granitic systems is attributed to physical removal of the

crystalline phases by cumulaté or adcumulate processes and/or separation

and upward coalescence of the incompatible element enriched interstitial
magma from a ‘crystal mush' (Filter pressing: McCarthy and Hasty, 1976). .
Michael (1983) and" Mittlefehldt and Miller (1983) have recently

supported the fractional crystallization model.




Shaw et al. (1976) and Hildreth (1979, 1981), amongst others, have

. 1 4
suggested that liquid state processes of convective overturn and

diffusion are responsible for large pécale chemical v&\-tgtlon in
¢ .

-~

granitoid magmas. Mildreth (1979, 1981) has argued that fractional o
—

crystallization processéa are inadequate to account for observed
chemical zonation in mar;y large, crystal-poor ash)flows'. His model c;f
o 7/
thermogravitational Aiffusion suggests that an upper gravitationglly
stable, 1lower density, possibly depolymerized magma (H/:ess, 1980),
. overlies a sl'ightly denser convec:‘in:g magma body in the typical magma
chamber (Fig. 7). Diffusion ;:>f elements across the jnterface betv}e;m tvhe .‘
two magma types and with;in the upper, less dense magma is- driven by
thermal and possirbly gravitat;ional gradients. 1In additior:, Hildreth

(1§81).suggested that significant thermally driven diffusion may take

place towards the walls of the magma chamber.

(y .

[

Sparks et al. (1984) accepted the conceépt of a chemical and density v
stratified magma chamber, but suggested a process called Convective -
Fractionation i.e. "any fragfionation process involving conve®ion of

fluids away”‘from crystals" 1is reapogéible for magma zonation. They s
| |

pointed our th;st as cfystals grow in a closed system the a:ijacent fluid
is depl‘eted in its denser componenté so.that the resulting less dense
fluid would rise conveci:ively. The less dense .fluid would accumulate at
the top of the magma chamber and w'ould retain .its identity due to
gravitational stability’and low diffusivity of chemical components. They
emphasized that such a.process would be .pérticularly effective at thé_

walhs of the magma chamber where cooling was fastest and would allow for

the effective fractionation of large proportions of







A | .

, ~
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crystals (predominantly feldspars in granitoid systems) at the boundary

’
layer to produce major changes in the resulting liquid.

The thermogravitational diffusion and the convectiye fractionation
models account for large chemical variations in a predominantly liquid
silicate Sody, whereas fractional crystallizatiop models require large
(commonly. SOZ')> proportions of crystals in the system. Many geological
observations on flow structures, immiscibility, magma mixing, lack of
phenocrysts in maj'or eruptive units and %the origin 3f mafic en?:l&veé
(i.e. Vernon, 1984), suggest th.at the liquid phase predominates in high
level silicic magma chambers. These observations‘ support the more

dynamic models.




CHAPTER 3 - PETROGRAPHY ARD MINERAL CHEMISTRY OF THE POST-TECTONIC

GRANITES

3-1 INTRODUCTION

The objectives of this Chapter are to describe the distrib;:'tion,
texture and composition of minerals in the study area., These features
were investigated without reference to the boundaries established by
Dickson (1983). Represeatative modal analyses ‘presented by Dickson
(1983) are sumarized in Table 4 and in Figure 8. This approach was
adopted since reconnaisance work indicated that many of the petrographic
and petrochemical’ features transcend the previously defined internal
unit boundaries and these boundaries were recognized as ap;;:oximate by
Dickson (1983). The observed features are classified in terms of primary
magmatic and sécondary sub~solidus origin at the end of the chapter.

4 -

The results of microprobe analyses are pr'esented in Appendix C’. The

textures and mineralogy of granite and greisens observed "in a detailed

.

study area in the Sage Pond Granite are described in Chapter 4.

The. macroscopic features - show coarse .graine and feldspar

porphyritic lithotypes in the northwestern (Koskaecodde, Holly‘g';najeck,

Mount Sylve.ster and K‘epenkeck) and eastern (Meta and ‘i‘olt) granitoids.
The l*lungtgv Crove Granite is coarse to medium grained and becomes finer
grained towards its southern boundary. Minor fine grained granite and
aplite may be present throughout the area. Quartz, feldapars, biotite

and locally mudcovite are the only minerals which can be recognized in

)
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TABLE 4: Summary of modal snalyses of representative samples of the various unite in the Ackley Greanite (frow Dickson, 1983).
x ® Mean, o ® standard deviation. See Pigure 2 for location of units. .

Unit No. . 9 " 10 11 118 12 ‘ 13 T {an>

No. of samples 8 _ 8 7 6 6 13 16 8

Quirts, 23.4  7.357(26.0 9.06{31.,75 ' 7.12 7.19133.43 15.70]32.7 12.27 6.10143.0 7.3%9

K-feldepar 31,3 19.1 [25.0 12.0 [22.8 7.68 8.57136.35 12.30}51.8 13.42 . . . 7.02130.7 8.63

Plagioclase 32,5 12.3 |35.8 7,28 2.31124.2 7.12111.9% 10.09}12. . 6.76(22.8 9.29

Biotite SN 742000020 4,734 4,23] 4.41 2,117 5.43  3.40] 3.05 2.49 . 0.93 2.2 1.97

Individual minerals were noted if they composed greater than 0.5 percent. In the following list, the for which date
is recorded is noted followed by the maximum percentage of the mineral observed.

Horablende . . -—

Muscovite

Sericite

Epidote

Opagues

Sphene
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autcrop and in hand specimen on a regional basis. Poorly de_vzzloped

S
rapakivi texture is locally present in the Tolt, Meta and Hungry Grove

‘granites.

Pine grained, quartz-feldspar porphyritic granite, granophyre and
microgranite may be present in the southern part of the Huﬁgry Grove
Cranite and in the Rencontre Lake and Sagg Pond granites. These granites
have a pronounced ora;tg'e colour due to exsolution of hématite from
" K-feldspar. This colour is darker towards the sou.th. Miaroliti“c cavities
containing small terminated quartz crystals are locally developed in Athe

southern part of the Hungry Grove Granite and in the Tolt Granite. They

are common in the Rencontre Lake and Sage Pond granites. Alkali feldspar

3 .

_ megacrysts are present within and across the margin of minor rounded
quartz diorite enclaves located at the eastern margin of the Tolt
Granite. A single thin diabase sheet is reported by Dickson (1983) to

Ny
occur in this Granite. A

3-2 PETROGRAPHY

3-2-1 Imtroductionm !

[

Quartz, K-fe-ldspar and plagioclase are present in all samples.
Biotite, or chlorite pseudomorphs after bjiotite are present in all but
two gamples located.in close proximity to greisen veins m the -Sage Pond
Granite. Hornblende is. a minor mineral in the more mafic granites and in

anodiorite. Chlorite is variably developed as an alteration product

from biotite. Minor, epidote may be associated with the chlorite and

locally with sericitic alteration of feldspar. Coarse sericite is

>




present in the Kepenkeck Granite and in the Sage.Ponq Cranite and a
trace of sericite is common throughout the> study area. Sphene, apatite,
magnetite, allanite, zircon and ilm;nite are present as accessory
minerals. Minor fluorite was noted in the Rencontrk}iﬂke and Sage Pond

granites and tourmaline was noted in two samples from the Sage Pond . A

-

Granite.

4

3-2-2 Quartsz

Quartz occurs.as anhedral to subhedralirains, as spherical f.rosted
phenocrysts up to 1 cm in diameter, and as finer interlocking grains in
the matrix to coarser quartz and feldspar crystals. Quartz also occurs
as sr;xall -euhedral l;o anhedral inclusions in the other main sili‘cate
phases. Graphic intergrowths of quartz with feldspar are common in_the
finer interstitial granitic material, in aplitic phases and in th;e
southern finer. grained granite. In the southeastern granites (Hungry
Grove, Tolt, Meta, Rencontre Lake ahd Sage P.ond), the phenocrysts and
crystals commonly exhibit embayed margins (Plate 1),; and locally show
evidence of strong resorption and p;ssible disintegration prior to {
crystallization of K-feldspar (Plaée 2). Weak to moderate undglosep
extinction.is present and is more pronounced in the Koskaecodde. and
Mollygu;jeck plytons, where diatinc.t deformation domains have developed.

a
3-2-3 Plagioclase

Plagioclase is an integral part of the granular matrix of all unitas

of the granite. Anhedral phenocrysts of plagioclase, up to 4 cm long,.




Plate 1: Equigranular microgranite showing strongly embayed quartz,
perthite, minor twinned plagioclase, and an intergranular flake
of chloritized biotite. Meta Granite. LD-119. XNic.



Plate 2: Quartz crystal in perthite exhibiting embayed wmargins,
resorption, and partial disintegration. Smaller sub—-hedral
quartz grains are present as inclusions on left of photo.

Ragged bronze, biotite 1in upper center with wminor marginal
sericite alteration. Fracture at lower right. Hungry Grove
Granite. LD-451. XNic.



-

- 54 -
. y .
are present in the Mount Sylvester and Kepenkeck gz;anites and locally in

thé Meta and Tolt granites. Minor subhedral tc euhedral nlagmciase is
common as .1-.,1uuons in alkah feldspar phenocrysts, particularly in the

- — — Xogkacodde and-Holly'guajeck plutons. In the Rencontre Lake, Sage Pond,

Tolt and 'Hungry Grove graniten, albite may be present as a thin rim

round alkali feldspar (rapakivi texture). Perthitic albite exsolution

lamellae are common, and are abundant in Rencontre Lake, Sage Pond and

Y

southern Hungry Grove granites.

The plagioclase exhibits characteristic albite twinning and weak to

‘moderate, normal and locally o@llatory zoning. The biotite- and

hornblende—bearing rocks in the nor%eatern granitoids (Koskaecodde,
Mollygua_]eck Mount Sylvester and Kepenkeck) have plagxoclase cores of
sodic andesine zoned to oligoclase rims (An35—An15) and the more felsic
rocks have weakly zoned o'ligoclage crystals. The southeastern graﬁites
have a .restricted plagioclase compositiqn whiéh ranges from sodic

oligoclase (Anyg) in the more mafic rocks to albite ~(An0.;10) in the

vicinity of the mineral prospects.

In. the northwestern gfanitoids, the more calcic cores are .commonly
strongly alt‘ered to fine sericite and rareI}; to epidote. Minor museovitg
crystals, u|'>yto l.mm long, are locally developed as an alteration
product, The sericite cores often have sh;rp boundaries with‘ﬁurrounding
ﬁore sodic plaﬁioclase and they locally display well developed internal

*. tabular crystal outlines.

¢




In the southeastern graunites, plagioclase shows weaki to woderate
alteratjon to fine grained sericite and locslly to epidote, particularly
in the more calcic cores, There appears to be an increase in the
intensity of plagioclase alteration to sericite in the northeastern
éranitoids which may in part reflect the tendency for the more calcic
compositions to oceur in t_his- area. However, felsic granites with less

calcic plagioclase are also more altered in the northwest,

3-2-4 Alkali Feldspar

The porphyritic phases of the granitoid rocks contain perthitic
alkali feldspar crystals, up to 5 cm long, as theAmain phenocryst
phase. Perthitic'.alkali—feldspar also occurs in the groundmass and forma
large irreéular crystals interlocking with éuartz"‘ and plagioclase in
generally hypidiomorphic te*turec;, equigranular granite. The phenocrysts--
and the grains in équigran}xlar graﬁite, contain inclusions of quartz,
plagioclase and biotite. These inclusions are more ‘prevalent in .;he
Koskaecodde and Mollyguajeck -plut-‘ons and aré commc?nly orientated within

the alkali feldspar lattice,

The outer margins of the phenocrysts and of larger grains in
equig;'anular granites have a complex interfere;lce battern with the other
phases present and locally contain large numbers of inclusions with ;he
de;relopmént of poikil?tic textures (Plate '3). Graphic intergrowths with
‘quartz are common in the outer half of individual ‘al.kali ‘feldn;;nr
crystals in the Tolt, Rencontre Lake, Sage Pond anql southern Hungry

Grove granites. At least two stages of graphic intergrowth are indicated

/ )
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by‘inqi\vidual alkali feldspar crystals -(Plate 3). Albite rims (rapakivi
texture) up to 2 mm wide, are locally present on alkali feldspar‘ grains
in the southeastern granites. The dominant alkali feldspar is orthoclaase
perthite with microcline and orthoclase perthite co-exiutring in ’the
Mollyguajeck Pluton, and microcline perthite prevailing in the

Koskaecodde Pluton. Microcline in the Koskaecodde Pluton is grid-

twinned.

In the Rencontre Lake, Sage Pond and southern Hungry Grove
granites, albite exsolution lamellae (Plates 4,' 5, 6), commonly twinned,
demonstrate a wide variety of textures from' fine s‘tti'ngers to coarse
braid, vein, and pa‘tch textux;es. Tﬁe exsolution features beéome'coareer
and more abundant to the gouth and the more felsic granites in the south
contain up .to 20T exsolved albite near the mineralized areas. The
graﬁodiorites in the Koskaecodde and Mollyguajeck plutons may exhibit

only minor perthite exsolution.
3-2-5 Biotite

Biotite (or chlorite pseudomorphs of biotite) is presen‘t in all
thin sections of granitoid rocks within the study area, with the
. exception of two hyd‘rothermally altered samples collected near greisen
veins at the southern edge of the Sage Pond Granite. An estimate of the
amount of biotite (Fig. 9‘) was obtained by calculating normative bi‘otite
(after Barth, 1959, i961). ﬁiotite is the only magnesiu;n-beating phase

present in most samples. In hornblende-bearing rocks (Fig. 11), the

amount of hornblende is generally less than 1%, There is close agreement

between normative biotite and modal biotite content.
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(%) percentile

[J]]<os <5

[ []Joe-118 s5-20
EJi18-32 21-50
[[]32-44 =s1-80
V/]44-94 81-95

Figure 9: Distribution of wt. 7% normative biotite in the study area
(calculated after Barth, 1959, 1961). Sample locations are
indicated by small crosses. Dashed lines are boundaries of

Dickson (1983).



- 61 -

The main te).ttural variations dispiayed by biotite are 1) co;rae_‘
phenocrhysts, 2) fine intergranular grains and flaﬁea, -and 3) fine
gramed biotite or bxotxte-nch aggregates. These varieties commonly
occur within a smgle specimen and a complete gradation between the
three designated end-member textures nay be present.

-
.. Most biotite exists as coarse, dark brown, taggt;d—edged phenocrysts
or books which rarely attain l cm across (Plate 7). Sybhedral to
euhedral +hexagonal basal gections are common, Locally these coarse
grained biotites form clusters in the granite. Biotite in" the southern
exposures is bronze to black (Plate 8). )
)

Intergranular, finer grair;ed indivi.;iual flakes and irregular grains
of biotite are present between quartz and feldspar crystals (Plates 1,
2). This variety generally accounts for a minor proportion of the

biotite.

Fine grained aggregates of biotite or b10t1te + quartz + feldspa;
(Plated 9, 10) are common in approximately 20% of samples in the
Koskaecodde and Mollyguajeck plutons. These ‘aggregates also occyr in the
. Hungry Grove Granite and may occur throughout the study area (Fig. 10),
In the eastern part of the Koskaecodde .P-luton, this is the dominant
biotite'te*ture. Many of these aggregates: occurs in local areas of
gr:aphic intergrowths between fine grained quartz and fe.ldnpnr. In the
Koskaecodde Pluton, the biotite clusters +have asgociated fine ggrain'ed

hornblende on the margins. In the quartz-biotite clulters, some of the

bl.otl.te grains have a dendrititic or poikilitic texture.










BIOTITE AGGREGATES
(FINE GRAINED)

o PRESENT
A DOMINANT

Figure 10: Distribution of fine biotite aggregates in the study area.

Crosses represent sample sites in which aggregates were not
observed.
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In addition to the three main modes of'occurrence,._ small anhedral
biotite inclusions are present in. the other coarser silicate phases
(Plate 3). Skeletal biotite (Plate 11) is common in fine grained aplitic

rocks, particularly towards the southern margins of the study area.

In the northwestern granitoids, biotite is pleochroic from light to
dark brown. ,In much of the southeastern granites, dark brown, bronze,
and black colours are dominant and are most pronodnced near mineralized’

areas in the Rencontre Lake and Sage Pond granites (Plate 8).

Biotite in the study area is variably .altered to chlorite. This

feature 1s described beloy,
3~-2-6 Hornblende

Hornblende genere;lly congtitues less than iZ (when presént) and
has not been obsarved in hand vspecimen. The distribution of samples
containing ho::nblende is shown in Figure 11. This mineral tends to occur
in a linear beli: on the sgoutheast sides of the Koskaecodde and
Mollyguajeck plutons. In addition,' it occurs in the more mafic rocks

present in the southeastern granites, *

Euhedral to anhedrai,‘ pleochroic, greea hornblende . crystals
(maximum -length 3 mm) occur in association with clusters of coarse
biotite grains, opaque minerals and sphene (Plates 12, 13), The

hornblende is commonly frezsh in appearance.







HORNBLENDE
BEARING SAMPLES

F\igure 11: Distribution of samples with minor hornblende in thin section
(dots) from the study area. Crosses represent samples in

which hornblende was not’ obgerved. Dashed lines are internal
boundaries of Dickson (1983).

¢
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3-2-7 Chlorite

C

Chlorite is developed as an alteratjon product after biotite (Fig,

-

12). In samples with low chlorite content, fine interstitial biotite
grains are partly or totally altered and chlorite rims form around

coarser biotite grains. As the amount of chlorite increases, individual

. . / -
chlorite lamellae or zones in the biotite are developed. Abundant

’
+

chlorite is formed by total replacement of *fine and Tegrse biotite

grains (Plates 4, 12). Locally, chlorite is developed along kink ‘bands

N

and fractures in the parent biotite. Toﬁally chloritized and completely

fresh, coarse biotite grains are found in a single thin_section and

—_—

relict biotite cores may be present even in the most altered samples.

Penninite is cotmon in the northwestern granitoids.

The distribution of the chlorite in thin section suggests an

inhomogeneity of the chloritization process on the ‘microsopic and larger
scales. Neverthéless,l in the northwestern‘ 7granitoids,- the relative
percentage of chlorite to biotite in thin section i.s greater, .and
cﬁ.loriég is more ;videspt;ead. There is no c~orre1‘ation between chlorite
alteration and \areas of tin-tungsten mineralization in thé Sage Pond
Granite. The Rencontre Lake Granite contains a relatively large

proportion of chlorite throughout, although there 1is no direct

correlation with the known areas of molybdenum mineralization.

3-2-8 Muscovite/Sericite

- - -
\

" The estimated percentage of muscovite and sericite in thin sections ¥

from the study area is presented in Figure 13. Well- formed crystals and




CHLORITE ALTERATION " *-
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Figure 12: Visual estimate of percentage chlorite alteration of biotite
in thin section. The locations of analyzed chlorite samples

are also sghown.
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o
MUSCOVITE/ SERICITE

BIOTITE PRESENT
] < 0.1%

@ 0.1-0.5%

8 >05%
BIOTITE ABSENT

Figure 13: Muscovite/sericite in the study area. This is a visual

: estimate of the amount of muscovite or coarse sericite grains
in thin section. A value of > 0.1% indicates that there are -
no individual grains present. A value of > 0.5% indicates
"that there are coarse (> 0.1 wm) flakes in thin section.,

P .

23




. \\
\
' -
. _ Y 4

.F—-\ . ' ) ' 172-‘- . .

" flakes of muscovite (to 4 mm) were cbnsidered bf‘i)ick'son (1983) to be a

characteristic of the Xepenkeck ‘Granite and occur aloﬁg'wi‘th finer.

»{inters.titial graii_ns. Most of the coarser graians occur margfna‘l to, or

within, coarse grained plagioclase crystals (Plate 14) and also occur as
-~ a R N 'l .

overgrowths or alteration products of bi%tite (Plate 15). Dickson (1983)

suggested that someé of the coarse muscovite in- this granite may be of

“

) L 4 .
primary magmatic origin. The finer gtained crystals are obviously

present # an alteration product after both p—lagiorclase and biotite,

.
“

.

A halo of sericite is present to the norths of the greisen-

- »
mineralized area in the Sage Pond Granite, and in the Hungry Grove

.

Granite. Coarse flakes up to 3 nm may be present if the sericite content
is greater than 0.2 %, The grains in the latter area are obviously

secondary, replacing both feldspars and biotite.

13

- -
. . \‘» A}
Traces of sericite may be pregent throughout the sjudy arewd are

commonly associated with turbid alteration of feldspar. cores. Sericite

: ‘ o
i8 also present as .inclusicns in quartz, and locally occurs in
. >
fractures. ’
~

.

3-2-9 Accessory Minerals

- - N

Sphene, apatite, zircon and opaque iron-titanium minerals occur in

-most samples, and allanite is common. Minor epidote may be present as ‘an

alteration of feldspar. Traces of fluorite were noted in the Rencontre

. . . . L.
Lake Granite; minor tourmaline and fluorite werae noted 1in samples from

. . ’

the Sage Pond Granite.
A .
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Euhedral %o subheéfal crystals‘and,local rosettes of.aphene,tup to’
3 mm long (Plate 16), occur throughout the.study are; and Aare. often
associated with coarse grained'biotite'or‘biotif;—hétnblende clusters in
the more mafic rocks. These grains may form more tgan\lz of the thin
gsection. In }dd}tion;'minér gphene ié aéaocigted with opaque minerals
and chlorite and formed during thé alteration of biotite. \
x T

Apatite is ubiquitous and forms euhedral crystals up to 1-mm, It.

occurs as inclusions in feldspars (gee Plate 20), biotite and locall& in

) @ ]
. ) -

hornblende.

s N . 4
’
Euhedral zircon crystals, which are commonly zoned, occur in

biotite. These zircons are surrounded by typical dark radiation, halos

{see Plate 18).

Light—to—dark brown, subhedral allanite crystals up to 3 mm in
diameter (Plate 17) were noted in many samples. These crystals are
- ,no .
"isolated and zoned and appesr to be an early crystallizing phase.
Subhedral to anhedral epidote grains up to I mm in diameter, occuar
“sporadically in association with strongly altered feldspars and altered

biotite. The epidote is more abundant in the Koskaecodde and

Mollyguajeck plutons. . - ‘ T

Magnetite is the dominant opaque phase in the granite. It generally

occurs as Feuhedral to subhedral grains in association with coarse

biotite clusters or biotite~hornblende clusters. Skeletal magnetite may
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be present in_the southern portions of southeastern granites and fine
grained irregular. grains are common in biotite, partially altered

biotite, and in chlorite pseudomorphs after biotite.

<

Trace of fluorite is present in several samples from the Rencontre

Lake and Sage Pond granites, as irregular interstitial grains and in

fractures, .

Rosettes of tourmaline (Elbaiite?, Plate 18) were noted in the Sage
Pond Granite. Minor tourmaline was also noted in a few thin sections of
rock samples from the mineralized area at Rencontre Lake.

_ 3-3 MINERAL CHEMISTRY

3-3-1 Feldqpar

Representative microprobe analyses plgtted in Figure 14 (data in
Appendix C) show the range of feldspar composition.

Plagioclase exhibits a sodium enrichment trend towards areas of )
td . . .
mineralization on the southern margin. Sample JT~24 is a 'fresh' granite

between mineralized veins collected from drill core in the Sage Pond
area, samples 232 and. 237 were collected approximately 100 m and 200 m

north of the Anesty Greisen respectively. Most alkali feldspar analyses

are of almost pure orthoclase and are not presented in Appendii C.

<







3-3=2 Biotite

There is a ’markgd divergence in the correlation trends in the
v . .
various chemic;I plots (Figs. 15, 16, 17, 18)‘Bﬁtween the samples from
the Koskaecodde and Moiiygﬁajeck plutons and the samplqs'from the Ackley
Granite Suite. These differences occur across a line located 10 to iS km ‘ o
weet of, and subp;rallel to, the trace of ;he Doy;r—ﬂérmitagé-Bay Fauit
zone (sée Fig. 16). Hornblendé constitutes Iéss than ] of the mafic
minerals when present, th%réfo;e, the different trends canno; bg
ascribed solely to the co-existénce of hormnblende and biotite in the

more mafic rocks.

Biotite has a relatively constant composition in the Koskaecodde
and Mollngajeck plutons (Si0, range from 60 to 75%) ;ith'an annite‘
;atio (FeQ(total)/(FeO(t6t31)+MgO)) of 0.45 to 0.51 (Figs. 16, 17). The
three samples froT thé Kepenkeck Qrgnite have annite ratios,qf 0.50 to

0.52 and plot at the lower end of the trend defined by the southeastern
granites. Analyses of core to rim transects in individual biotite grains

(Table 5) did not show any consistent trends in the biotite composition

in these granitoid rocks.

N,

In the southeastern granites (Si0, range from 60 to 79i), annite
. s ' *

ratios exhibit strong Fe—enrichment with values from 0.43 to 0.98. The

»

Fe-rich samples occur towards the southern margins and mineralization

(Figs. 16, 17). This trend is accompanied by an increase in §i0) and a
decrease in Ti0O;.and MgO in whkole rock (Figs. 17, '18). Analyses of

core-rim pairs from biotite ‘grains in the southeastern granfites (Table
















5) show slight increases in FeO and ‘A1203 and a slight decrease in Ti0,

towards the crystal rim with no consistent trend observed in Mgn,

1

-

Most of 'the samples plot within the field of normal magmatic
biotites as defined by Nockolds (1947) on the Mgo-FeO(total)-Al,04 plot

in Figure 18, with the samples from the Koskaecodde and Mollyguajeck

—

plutons in a tight grouping. The three samples from the Kepenkeck
Granite are relatively enriched in AI303 and plot im the field | of

muscovite-biotite bearing granites as defined by de Albuquerque (1975),

The compositional trend in~thL biotites of the southeastern granites is
.

also well displayed in this diagram. Samples from the southern portion
of the Hungry Grove Granite, the Sage Pond Granite, and sample 604 from .

the Rencontre Lake Granite (this sample is partially chloritized) plot

to the Al;0q. side of the magmatic trend. The biotites from the Rencontre
Lake Granite and are sTightly enriched in iron relative to the other

samples in the field of normal igneous biotite.

Ferric/ferrous ratios in biotite were determined on ten pure
biotite separates (Table 6, Figs. 15 and 16). The ferric/ferrous ratios
of the molybdenum mineralized Rencontre Lake Granite and the

tin-tungsten mineralized Sage Pond Granite are comparable. Insufficient

. data was collected to define significant trends.
; .

The fluorine content of biotite from the ten serlected samples

(Table 6) id presented in Figure 19. Biotites from the Hungry Grove and

) :
Sage Pond granites contains between 1.67 and .1.96%7 F. In contrast, the

o
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Table 5: Core/Rim compositional variation (microprobe analysis) in biotite (cation
proportions). Sample locations on Figure 15.

Snplervwo. Si Ti Al Fe Mn Mg Na : K
JT231 Core 43.01, 1.04 24.89 15.96 1.23 1.28 0.57 11.97
" pim ¥ 42.12| o0.91|. 25.07 "17.41 1.19 1.25 |- 0.06 11.91
AY
\ JT237. Core 38.62 1.61 22.32 22.68 1.16 1.89 0.33 11.37 <
" Mid 39.20 1.56 22.54 21.83 1.36 1.79 | - 0.4? 11.21
a4 » Rim 39,64 1.30 23.26 21.08 1.27 1.97 0.18 11.24
220226 Core 37.74 2.45 13,76 23.31 0.59 11.54 | 0.35 10,24
" Rim 37.50 2.34 14.03 23.14 0.64 11.52°1 o0.16 10.62 .
1220332 Core 42.56 0.98 22.20 13.69 0.44 8.21 0.60 11.32 v
" Rim 41.38 1.01 22.43 13.99 0.34 8.63 0.76 11.44 @
220353 Core 36.35 2.62. 15.38 16.59 0.57 17.89° 0.21 10.31 '
" Midl 37.36 2.72 15.18 15.91 0.47 |+ 17.82 0.00 . 10.52
" Mid2 37.34 2.74 15.19 16.13 0.26 18.19 0.16 9.99
" Midd | (37.37 2.64 15.48 15.98 0.49 18.26 0.25 | , 9.47
" Mid4 36.63 2.80 15.22 16.36 0.50 17.59 | 0.25 10.57
e " Rim 35.49 2.6 15.73 16.67 0.55 18.11 0.23 10.53
" Midl 37.18 2.81 15.4% 15.63 0.49 17.83 0.09 10.47
" Core 37.46 2.67 15.75 15.34 0.51 17.78 0.34 10.06
220438 Core 37.81 3.03 13.72 17.28 0.62 15.76 0.33 11.42
" Rim 37.62 2.66 14.85 17.17 0.65 16.01 0.22° 10.67
220523 Core 36.36 3.06 16.1% 17.02 0.04 16.43 0.23 10.65 '
" Rim 36.93 . 2.21 ) 16.97 16.16 0.60 17.40 0.06 9,61
- 220701 Core 36.43 2.31 16.83 16.07 0.19 16.73 0.19 11.21
" Midl 36.96 2.50 16.74 16.04 0.26 16.04 0.08 11.30
" Rim 37.05 1.89 16.40 15.88 0.37 17.40 0.19 10.78




Table 6: Analyses of biotite separates. Sample locations on Figure 15. Analyses as per Appendix B-3.

Sample No. 87 92
Major Oxides (Weight Percent)

5i0, 35.9 35.8
Al,03 18.0 15.5
Pey0 .51 '5.40
Fe% 3 14.55 14.54
MgOo .06 12.23
Ca0 .10 1.14
Na,0 .12 0.09
K20 .92 7.84
Ti0, A7 2.89
“MnO .88 0.42
P20 .02 0.13
LO1 4.53

FOON DZOOWEW

&~
—

TOTAL 99.9 100.5

? (ppm) 7710 3695

L3

o rthaiple‘preceeded by 7040_

> 165 237%

393
19.2

7.27

15.34
1.18
0.10
0.30
8.84
2.03

1.28-

0.00
3.79

100, . 98.6

17012 19575

bl Strong chloritization of digle.
**+  Moderate chloritization of sample,

257%%

29.6
15.8
10.51
25.89
3.10
0.00
0.11
1.38
2.25
1.20
0.00
9.11

99.0

3198

450

36.1
14.9
10.52
16.61
4.80
0.26
0.19
7.54

2.80

1.06

0.01

4.92
99.5
17332

’

464 %%k

© 34,7
12.7
9.03
22.36
5.09
1.08
0.16
5.25
3.56
0.67
0.09
6.15

100.8

- 4405

523

.18
.68
.11
.60
.50
.67
.20
.74

99.8

5070

. All other samples preceeded by numbers 220

548

37.9

13.1
5.71

20.19
8.09
0.24
0.17
7.96
2.97
0.81
0.13
4.74

100.0

19575

35.8

16.1
.82
26.83
.80
.06
.16
.58
.58
0.88
0.04
%.70

99.7

16690







fluorine content of biotite in the Rencontre Lake Granite is much lower
(0.31 to 0.44%); the biotites from this area are chloritized (Table 6,
and see Fig. 20), The fluorine content'.of biotite i the northwestern

granitoids ranges from 0.37 to 0.775%.

‘3-3-3 Hornblende
T
Analyzed\hornhlende crystala from the southeastern granitgs have a
higher iron content than those from the northwestern grar;itoids (see

.Appendix C).

3-3~4 Chlorite -
. »
Chlorite analyses (Fig. 20) indicate a trend of iron enrichment in
the chlorite parallel to that observed in biotite. The correlation
coefficient of Fen(tot)/(Fe0(tot)+Mgh) between conexisting chlorite and

biotite is 0,98,

3-3-5 Muscovite/Sericite
)

Muscovite analyses (Fig. 21A) show significant iron and’ magnesiumg
and plot towards the celadonite position in the M-gO—AIZ'(_);—FoO diagram,
Two ofk the samples from the Kepenkeck Granite plot in the field of
predominantly primary pl\;tonic 'muscovite as outlined by Miller et al.
(1981) in a plot of Ti-Mg-Na cation ratio (Fig. 21B). However, two
samples from muscovite-bearing topaz greisen in the Sage Pond Granite

also plot in the field of plutonic muscovite.
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Figure 21:

et al.

Si
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Muscovite analyses from the study area. Location of analyzed
samples shown on Figure 22, -

A! Plot of cation proportions Si - Al ~ (Fe+Mg+Mn).

B: Plot of cation proportions Ti - Mg - Na., P and S refer to

primary and secondary composition fields suggested by Miller
(1981). '
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3-4 INTERPRETATION . ‘ 1\/‘7\

3-4-1 Primary Magmatic Textures .

The dominant textural features observed in the post-tectonic
granitoid rocks are inteﬂgreted as resulting from primary magmatic

crystallization.

The following observat{ons indicate a ;elatiyely rapid -
crystallization history at high crustal levels near the southern contact
in the Rencontre Lake and Sage Pond grggites and in the southern part of
the Hungry Grove Granite: a) the abundance of fine to medium grained

granite and associated aplite and microgranite; b) the presence of

miarolitic cavities; c) seriate and irregular grain boundary contacts;

-d) graphic and myrmekitic granophyric intergrowths; e) strong resorption

-of quartz crystals; f) general lack of well formed crystals or grain

boundaries; g) the local presence of dendritic magnetité and biotite

“‘crystals; and h) the abundance of inclusions of various phases in

K-feldspar. All of these features' may indicate quenching of a
predominantly liquid magma (Hibbard, 1965, 1979; Cherry and Trembath,
1978; Vernon, 1986). A progressive coarsening in grain size northwards
in the Hungry Grove Granite and eastwards in the Tolt Granite may be
related to a progressively longer cooling'hisfory in the latter areas,
which may 1in tgrn be interpreted to relate to pfogressively, deeper
leyels of crystallization. -The slower cooling at deeper levels may
relate to higher heat Fflux from below, or thermal and pressure-

insulation at deeper levels due to crystallization of the carapace of

the magma chamber, Discrete phenocryst phases have not been identified
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in the coarser northern portions of the Hungry Grove Granite (although
their early presence may be hidden by textures related to the 1ater
stages of crystallization) and it is impossible to assess their

potentiél contribution to a process of crystal-liquid fractional

crystallization.

There is a general lack of miarolitic cavities in the northwestern

granitoids, in the northern parf of the Hungry Grove Granite, and in the

east part of the Telt Cranite. This suggests that these granites
crystallized a;-deeper levels relative to the soﬁthern granites (Hungry
Grove, Rencontre Lake, and Sage Pond). However, the northern Hungry
Grove and the eastern Tolt graniteﬁ also contain aplite, microscopic,
fine grained intergranular material afdd locally, most of the textural
‘features outlined above. The presence of a narrow thermal aureole in fhe

northwest (Swinden and Dickson, 1981) also indicates emplacement at

relatively high crustal levels,

The widespread occurrence of inclusions in alkali feldspar and the
common presence of graphic intergrowths on the margina of the alkali
feldspar crystals, particularly in the southwestern granites, are

indicative of ‘relatively rapid crystal growth (Hibbard, 1965, 1979). It

is also possible that some of the dendritic biotite aggregates may

represent a quench texture.

The sequence of crystallization of the various phases in the magma
chamber and possible areal variations in relative appearance of phasaa

is difficult to assess with certainty from textural evidence., Biotite

!

AY




is present locally as small inclusions in quartz and remained a stable

phﬁ%e' throughout the crystallization of the pluton. Alkali feldspar

exhibits abundant evidence of late crystallization, However, it is
impoassible to. determine the rélas}ve timing of the appearance of this
mineral on the liquidus, Similarly, the relative timing of the
appearance of plagioclase cannot be determined.

The distribution of hornblende indicates: a) that mineral 1sopleths

can be drawn within a magma chamber, or b) that separate intrusive

phases are present,

The microscopic and textural features of the post-tectonic

’
B

granitoid rocks in the study area indicate intrusion at high crustal
levels with progressively shallower levels exposed £0wards the sduthern

margin of the southeastern granites (Whalen, 1976, 1980, 1983; Dickson,'
1983}. Thiar gouthern margin represents a rapidly cooled or gquenched

carapace,
3-4-2 Subsolidus Recrystallization Textures

Perthite formation, micreclinization, alhitizatio&, sericitization
and saussuritization of alkali feldapar and .plagioclase,
recrystallization of biotite and alteration of biotite to chlorite, and
less commonly to muscovite, are all features of subsolidus
recrystallization which are observed. The presence of an Hy0-rich fluid

phase at submagmatic temperatures is essential to permit

recrystallization and nucleation of the secondary mineral phases. Thus,
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the abundance and distribution of secondary mineral phases and textutes
o

provide an index to the relative activity of the fluids which migrated

through the rocks after solidification of the magma chnmher;

Microcline is the dominant alkali feldspar in the'Koskaecodde and
Mollyguajeck plutons and probably }ormed as an inversion produtt from
orthoclase, This feature, coupled with the presence of abundant biotite
aggregateé in the eastern part of the Koskaecodde pluton, suggests that
these plutons may have suffered a relatively low-temperature metamorphic
event prior to, or contemporaneous with, the intrusion_oﬁtthe Ackley

Granite Suite.

Perthite exsolution occurs throughout the study area. In the
. )

southeastern granites, lamellae become progressively coarser, and more
abundant towards the southern part of the Hungry Grove Granite and in
the Rencontre Lake and Sage Pond granites. Up to 20% coarse patches of
albite may be exsolved'in.the latter two granites. This texture (along
with the Na-rich albite compositions)‘is indicative of the large and
widespread sub-solidus migration and reaction of fluids with the primary
mineral phases in the southeastern granites and also iqdicntes that
fluid reactions were progressively more‘advénced to the south.
. ~

The normal interpretation'qf fine gtained biotite.aggregatea is
that they result from secondary recrysatallization of primary hiotite

.

during low temperature  hydrothermal altératiop. The widespread

occurrence of biotite aggregates, the lack of asasociation of bhintite

S ¥ ~
aggregates with mineralization and areas exhihiting the more pronounced




physical evidence for subsolidus fluid reactions, the location of many

aggregates in matrix material, and the local dendritic and poikilitic

o

biotite text.ure may suggest an origin due to rapid crystallization
dl_‘Jring final quencl_ling of the magma for some of this bioéite texture,
However, the location of abundant biotite aggregates in the eaa;ern part
of the Ko;k;ecodd-e Pluton supports the suggestion by D,':ickson (1983) that

the textures in this.area may.have developed due to contact metamorphism

a8 & result of the Hungry Grove Granite intruding the cooled Koskaecodde

Pluton, b

A flL(xid phase was essential to the formation of the greiien veins

-~

and vein swarms in the Sage Pond CGranite. The halo of micrdacopic

v

sericite alteratipn identified for a distance of up to 20 km to the
north of the mineralized aréa (Fig. 13) could possibiy be related or

independant of this event (i.e. a fluid related to magmatic
. . -

(=3
devitalization and a second related to mineralization). It should be

noted that sericite alteration is not ex'tensively.developed throughout
the Rencontre Lake Granite (Mo mineralization) although a zone of less

« ‘

than 1 km? surrounding the Wyllie Hill prospect has abundant éecondary

sericite (Whalen, 1976),

Chloritic alteration of biotite appears to be more abundant in the

northwestern granitoids, and is also concentrated in the Rencontre Lake
Granite. There is no spatial association of chlorite alteration with the
mineralized ‘areas. Chlorite growth in kink bands in biotite indicates
"that chlorite alt;eration at least in part post-dated fracturing of

r~

biotite.




Alteratian. of plagioclase is concentrated in the northwestern
granitoids and particularly in the Xoskaecodde and Mollyguajeck plutons,
which may in part reflect the m:)re c.alcic'compositiona in this area. The
local presence of extremg_gly altered euhedral cores which have ahm:p
boundaries with surrounding weakly altered plagioclase may suggest that

the cores reacted with a fluid phase prior to final crystallization of

the magma,

Fluorite and tourmaline, which are present near the southern margin
.
of the study area, are generally considered to form from a subsnlidus
fluid phase (cf. Manning and Pichivant, 1985).

f

In_;ummary, the Koskcaecodde and Mollyguajeck plutons elhibit
. Breater evidence of regional metamorphism and subsnlidus reaction with
fluids than the Ackley Granite Suite. This is indicated by
chloritization and recr){_’stall'izz-;tion of bintite, alteration of
plagioclase, perthite formation and .microclinization. Muscovite .in the
more aluminous rocks of the Kepenkeck Granite ‘may by secondary. The
southeastern granites exhibit a coarsening and inmcrease in abundance of

perthite texture to the south, which can be interpreted tn indicate an
increase in activity of fluids towards the roiof of the Ackley Granite
Suite in this area. The sericite halo surrounding the tin-tungsten
mineralization may be indicative of the importance -of these fluids to
the mineralizing process, Fi-nally the absence of a large sericite .halo

in association with molybdenite mineralization in the Rencontre Lake

Granite and the presence of chlorite alteration in the latter unit’may

—

relatwﬁindamencal difference 1n the metdllogenic evolution

s ¢




(particularly fluid development) of ghe two mineralized areas on the

southern margin of the Ackley Granite Suite.

3-4-) Deformation Textures

v

Perhaps the most important aspect of the granitoid rocks in the
study area is the absence of penetrative schistosities or lineation
te);tures which relate to any regional deformation. In addition, the
" Ackley Granite Suite cuts across the trace of the major tectonic'
boundary between the Avalon and Gander tectonostratigraphic terranes,
and no evidence -of strong fracturing or of mylonitic textures has been
reported, Qu;rfz vein swarms and minor brecciation of the Hungry Grove
Granite were noted by the author along the trace Aof the Dover-Hermitage
Bay Fault at the north end of Big "Blue Hill Pond (Fig. 4). However,
these deformation features are weak and may in;iicate very minor

adjustment on this boundary after granite crystallization. The granitoid

rocks in the study area display abundant microscopic evidence for post

crystallization fracturing and minor deformational adjustments,

Late stage fractures ax;e common and 81-‘8 locally " filled with
sericite. Kink bands were noted locally in I.plagioclase and in biotite
(Plate 21) (Plates 20). Quartz invariably : displays weak undulose
extinction which may develop into deformation lamellae in the
Koskaecodde and Mollyguajeck plutons. It is poss‘xble to interpret these
textures as resulting from stress related to phase transitions or
crystallization in the deeper lavers of the the pluton, or to subsolidus
fluid pressures in the upper parts of the granite, or to mild regional

deformation.
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The distribution of greisen in the Sage Pond areF is controlled in

part by large joints or fractures near the granite margin (gze Chapter
4). Widespread jointing of the granite may relate to release of pressure

during uplift and erosion.

Quartz grains and phenocrysts in the southeastern granites exhibit
evidence of disaggregation prior to crystallization of the surrounding

perthite and albite (Plate 21).
3-4-4 Mineral Chemistry: Magmatic Trends

The iron enrichment trend in biotite, displayed by the southeastern
granites, is iInterpreted to represent a magmatic compositional trend
. .

(cf. Volkov and Gorbacheva, 1980).

The biotite data ‘indicate a similarity in petrogeneticl\qrocess in
the southeastern granites which results in Fe-enrichment in bio’tite'. In
contrast, the consistency of the\relatively low annite ratios in the
-Koskaecodde and »Molyguajeck plutons “indicates that these rocks . are
petrogenetically distinct from the Ackley Cranite Suite. The inherent
differences in the structure of biotite between these granitoid rocks is
emphasized by the divergence‘ of trends in a plot of the «cation
proportion of magnesium in biotite versus the MgD content of the whole

rock (Fig. 22).

/

The lack of corresponding trends in the ferric/ferrous ratios from

the biotite mineral separates suggests that f0; was buffered throughout.







thebmagma system. In addition, the ferric/f_erroua ratios in the
molybdenum-mineralized Rencontre Lake Granite and the tin-minenlized
Sage Pond Granite are identical, suggeating that f0, was not a
significant factor in isolating molybdenum from tin. Alternatively, the
ferric/ferrous ratios may be buffebc\d by the presence of fine hematite

or magnetite in the biotite which wmay relate to subsolidus alteration.

The distribution of fluorine values in biotite indicates that
magmatic fluorine concentration and activity was relatively constant in
the Sage Pond and Hungry Grove granites, In contrast, the lower flu;rine
concentration in the Rencontre Lake Granite may reflect a lower magmatic
concentration in this area. Si.milaffy, the intermediate fluorine
concentrations in the biotites from the northwestern granitoids may
indicate intermediate and variable fluorine concentration duriﬁg biotite
crystallization. Biotites in high—silicav_systems can contain up to 4% F

(Manning, 1981), this may suggest that the Ackley magma system was

undersaturated with respect to fluorine,

A plot of tetrahedral alumina against annite compesition in biotite
(Fig. 23) compares data from the study area to data from mineralized

granitic rocks in Nova Scotia (Strong and Chatterjee, 1985), There is a

wide range of values in the data presented here compared to the

relatively tight data clusters for.mineralized areas in Nova Scotia. The
~

differences are probably due to scale since the Ackley data are from

representative samples over ‘the study area (2700 km2). The Nova Scotia
samples were collected from relatively sma&l areas proximal to
. ‘ . '

mineralization and probably reflect rather restricted ranges of magmatic

'




evolution. Analyses of closely-spaced samples in the study area have
«~

-similar values, suggesting that samples from restricted areas would glve

tight groupings of data.

A

Biotite compositions in the southeastern granites trend from an
approximate value of 2.3' for Al IV and‘ 0.5 annite, to 2.17 for Al 1V and
0.9 for annite. The higher Al IV values probably reflect fluid
interaction and tetrahedral alumina substitution in biotite. Thus the
tendency for the data trends in mineralized areas to parallel the Al IV
axis probably reflect alteration processes in mineralized areas

suggesting that mineralizing processes can developb at any stage during

the annite crystallization (e.g. within' the magmatic evolution of

high-silica systems), and are due ' to devolatilization during

cryatallization.

The presence’ of relatively Fe-rich hornblende in the more mafic
rocks of the southeastern)granites is in accordance with the more
extensive Fe-rich biotite cpmpositions and also indicates a different
genetic regime compared -to the Mollyguajeck and Koskaecodde plutons.
Thus it is probable that a mineral isopleth can be drawn round the areas
containing hornblende in the southeastern grapitea and also within the
Koskaicodde and Mollyguajeck.plutons. However, the eastern boundary of
the hornblende-bearing rocks in the Koskaecodde Pluton is probably an
intrusive contact as indicatedﬂ by the textural evidence of biotite

#

aggregates and microcline recrystallization in the pluton. ¥

The correlation between Fe/Mg ratios of biotite and chlorite

“indicates that the chlorite inherits its Fe/Mg composition from biotite,,
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i.e.” that there has not been significant metasomatism. This contrasts

with hydrothermal systems in which Fe/Mg changes as a result of fluid

reactions.

Dickson (1983) considered that the muscovite in the Kepenkeck
Granite may be of primary magmatic origin., This view is supported by the
location of several anaiyses on the Ti-Mg-Na plot in Fig, 218, However,
muécovite crystals may also have a composition comparable to some of the
secondary sericite associated with mineralization in the Sage Pond
Granite and these muscovite and sericite may be secondary in krigin. Tt
is relevant  that the Al903 content of whole rocks is highest in the
Kepenkeck Granite, with most samples having peraluminous compositiong,
and the compositional field of muscovite stability is probably greatest
in these higher-alumina rocks. In addition, it is possible that
muscovite which replaces biotite may inherit the high Ti (and possibly
Fe and Mg) of the parent biotite. T?us the origin of the muscovite in

the Kepenkeck Granite is ambiguous and may represent both primary and

secondary crystallization.




CHAPTER 4 - GEOLOGY OF MINERALIZED AREAS IN THE SAGE POND AND RENCONTRE

LAKE GRANITES

4-1 INTRODUCTION

Thé objectives of this Chapter are to describe the geology and
mineralization of the significant mineral prospects in the Sage Pond and
Rencontre Lake granites. The descriptions are oriented to highlight thg
similérities and differences between style and type of mineralization in
the two areas. Semiquantitative microprobe studies were performed to
identify the mineral species in the greisen veins. The textural and
petrographic features described in Chapter 3 indicate that the host
granites to mineralization form part of the much larger, possibly

cogenetic, Ackley Granite Suite, : .

The most significant miﬁeralization occurs at the southern contact
of the Ackley Granite Suite in the Rencontre Lake (molybdenite) and Sage
Pond (tin) granites (Fig.- 4; Table 7). 1In addition, numerous small
/ occurrences of molybdenite in quartz veins have beeﬁ reéorted by Dickson
(1983) and iﬁclude the Franks Pond molybdenite occurrence (Whalen, 1976,
1980; see Fig. 68). Tuach (l9843)|reported-na;row (10 cm wide) tin- and
tungsten-bearing greisen veins and a quartz pocket ;ith some coarse

beryl crystals at two separate localities southeast of BigrBlue Hill

Pond in the Hungry Grove Grahite (Fig 4).
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Table 7: Minersl prospects in the Ackiey Cranite Suite. All significant mineral de

Dats on the Rencootre Lake area from Whaleo (1976) and Dickson (1983).

posits occur at the granite margin within miaralitic granite,

in quartz pode,
veins and peg-
matite.

vite greisen.

Prospect Commodity Accessory |Dimension (Meters) Tona/Grade Style of Alteration Associated Feastures (Classification
N Nigerals Leagth, Width, or Assays Mineral ization
Plunge Length
AENCONTRE LAKE AREA
Mote Molybdenite 17%, 10, 30 Too erratic Coacae rosettes |{Very minor Hematite atain. Aplitic-
. and low and fine di w— jeericite? aagmatic,
grade. insted in aplite
. or grenite.
N Occasionally io
5 wiarolitic
! cavities and in
o quartz veins.
Ackley City|MolybdeniteiPy, P, Ba, 42, 12, so 80,000/0.62 Disseninated, N—foc casional Quarte ¢ pegwatite Aptitic -
Ce, t Sp, cp, MoSy fracture costings;minor wueco~ |segmegations to | @ magmatic,

fong. Stockwork of
pyrite-lined
fractures in rhyolite.

Minor etock-
work festures.

and low !frectures and
grede. Best |vuge.

assay 0.41 Sa l

over | =, !

sericite,
waclinite.

veios in srea.

-[Crow CLitt-|Molybdenitel- Individual areas to|Too erratic Rosettes in large{Occesional Tuffisite. Pegmatite -
Duaphy * 10 wetar diameter. {sed low quarts-pagmatite |minor frac- magnatic.
Breosh Along ! km of con~ [grade. cryatala and ture with

tace, disseminated in Qquartz-seri-
aplite, cite halo.
Wyliie MilliMolybdenite|Py, P, ¢t Sp, |7 bodies, each 370,| 1,000,000/ Fracture coatings! Abundant Pegmatite. Pyritic Stockwork -
Gn, U, Au. 120, soo 0.151 MoS,. (atockwork), sericite plusinodules in altered .ihydrolhern!.
disseminated in saussuritized|zone. Poat mineraji~ Some magmatic
quarte veinas, feldepar. ization Quartz- ifeatures.
pode and feldapar porphyry |
i . pagmarite. dike. Winor fracture ;
stockwork and abundant |
1 quarts veine in chyo- :
fite with very minor !
i sulphides. N
| : —
A58 PO AsRs 1 i |
| {173 Cassitarite Py, 7, New, 50, 20 Too erratic iDisseminated in .Quarts-topar [Numeroua small ;uinn!!u ive topar I;
7 tw, ¥ and low (fractures and lsericite, veing in sres. _greisen under-,
grade. Best ,'u;n. kaolinite. ylain by eheet |
asasy 0,791 8n! ! lgceisea. !
N | over 0.5 =m. , : '
i i ; i i
Ameoty Cassiterite Py, P, Ru, W Ilbo. 50 Too eccatic Dissemioated ia ,Quartz-topaz, Mumerove small greisen Meseive topae

(
igreisen
i

h

e e —d

Py - pyrilte; ¥ - flesrite; Ba - barite; Ct - caicite; Sp - ophalerite; Cp -~ chalcopyrite; Po - pycrhotite;

pold; Bem - hemstite; Re - velile; ¥V ~ wolfremite.

Ga - galeas;, U - wreninite, Av ~
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4-2 THE 8SAGE POND ARFA

4-2-1 Granite . ' f

4-2-1-1 Intrusive relationships: The Sage Pond Granite intrudes both the
Precambrian Belle Bay Formation (Bradley, 1962) and the Cambrian Cross
Hills Plutonic Suite (Bradley, 1962; O'Brien et al., 1984; Tuach, unpub.

data). In the Sage Pond area, the attitude of the granite contact varies

_from vertical to gentle southerly, with possible roof pendants west of

Anesty Hill and east of Moulting Pond (Fig. 24).

In the Sage Pond Granite, gradational to abrupt variation in grain
size and texture are common, both in outcrop and in drill core, Finer

-

grained phases locally intrade the coarser granite. Limited outcrop in

the area (< 10%) precludes construction of a detailed textural map.

<
The contact between the Hungry Grove Granite and the Sage Pond

Cranite is gradational. Finer grained, variable rocks are progressively

more abundant to the south, across a 500 m wide zone,

4-2-1-2 Lithology: The Hungry Grove Granite (Figs. 4, 24) consists of

medium to coarse-grained,. equigranular, biotite'granite; Minor alkali-

feldspar- phenocrysts (1-2 cm) occur locally. The Sage Pond Granite is

;andy weathering, friable, orange, equigranular to quartz-feldspar
: N

porphyritic, fine to medium grained, Phenocryst content averages 10?202,

but up to 50 phenocrysts are present im granite which hosts the

quartz-topaz greisen veins southeast of Moulting Pond.
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Gas breccias (tuffisite) and miarolitic cavities are common in fine
grair;led granite at Long Harbour (Dickson, 1983). In the Sage Pond area,
‘these textures are rare and contain minor fluorite in the breccia matrix
and in associated fractures. Small pegmatite patches (crystals less than
3 cm long) occur locally and 1arge.q:mrtz crystalé (to 20 cm across)
were noted at three localities at the granite contact (Fig. 24).

K
A

4-2-1-3 Petrography: Seriate and granophyric texture is ubiquitous in

both the Hungry Grove and the Sage Pond granites. Quartz commonly shows
embayed margins and alkali feldspar crystals locally contain zones of

.

graphic intergrowth with quartz,

The Hungry Grove Granite contains perthitic alkali feldspar,
quartz, plagioclase, biotite and minor magnetite. Accessory minerals are
zircon, allanite and sphene. Interstitial granophyric and graphic

intergrowths are common. Alkali feldspars contain: up to 20% coarse
' - . - .

strings. and patches of albite. Plagioclase displays weak normal zonation

in the albite composition range and cores may be weakly saussuritized.

- .

Minor ipterstitial biotite (2X) occurs as 1-4 mm flakes and shows local

%

alteration to chlorite, sericite and magnetite. Magnetite is focally

altered to hematite,

[

The Sage Pond Granite has comparable mineralogy to thé Hungry Grove

Granite. It contains coarse patch perthite and less than 57 weakly zoned '

“plag‘ioclase crystals with a composition range of Ab96 to Abjgg. Biotite

has ragged outlines and is bronze to black due to exsolution of opaque

oxides. Accessory fluorite 1is présenthocally, topaz and’ t0urma‘1in'e




occur. Biotite is a minor phase near the southern contact and is absent
in the immediate host rocks to the larger greisen veins where muacovite,

topaz and fluorite are accessory phases.

Fine to coarse sericite is part of an extensive halo (in thin
section) which focuses on the quartz-topaz greisen veins i.n the Sage
Pond area (see Fig. 13). The sericite forms after feldpsir and biotite,
Towards the southern contact and the larger greisen veias, coarse

sericite has a weak to moderate brown pleochroism.

4-2-1-4 Mideral Chemistry: The compositions of albite and biotite in the
Sage Pond area blot as end members of trends which are present over much
larger areas in the southeastern granites. The albite content reaches a
maximum adjacent to large greisen bodies at the granite contact (see
Fig. 14) and the biotite t;nalyses give an annite ratio of 0.71 to 0.93.
(Fig. 16). Sericite has celadonite-rich compositions (MgD-, FeO-bearing;

Fig. 21).
4-2-2 Alteration and Mineralization

4-2-2-1 Introduct\'ipn: ‘Tin and tungsten values (Table 7) of economic

interest have been reported from the Anesty and Esso prospects

(0'Sullivan, 1982, 1983; Tuach, 1984b,c). Significant tin mineralization

in smaller greisen veins is confined to the eastern part of the area
near the Esso prospect (0'Sullivan, 1982). The minerals of econnmic
interest (cassiterite and wolframite) are generally not visible in

outcrop. 8Bcheelite fluorescence under ultraviolet light was not




observed at the Esso or Anesty propects. The Anesty area was originally

considered as a molybdenite prospect (Ricketts and Bumgarner, 1954).

4-2-2~2 Distribution and General Description: A major concentration of
q'uartz—topaz (topazite) greisen veins and pods occurs in the Sage Pond
area, at and near the southern contact of the Sage Pond Granite. The
larger greisen form gray nobs of outcrop or suboutcrop in weathered
granite till or subcrop. Fresh greisen is not available due to anm

intenge limonite stain on broken surfaces. TIsolated veins of green

muscovite~-rich greisen are present.

Quartz-topaz veins have been noted as far west. as Long Harbour
(over a total distance of 15 km) and have been observed within granite
up to 3 km from)its margin, They increase in concentta.tior; and s\‘ize
southwards, with the largest quartz-topaz outcrops at convex undulations
of the granite contact. Rare, narrow veins less than 10 cm wide may

occur in rhyolite up to 5 m south of the granite contact.

>

Veins follow joints and fractures in the granite are podiform—
elongate with a predominant essterly trend and are generally less than

10 m * 2 m. Several localities were noted at which small veing (1=2 m *

0.5-1 m) trending 020-040 degrees are arranged 'en-echelon' in a main

trend of 120 to 140 degrees., These have the appearance of gash veins,

Most veins are vertical to subvertical. Subvertical layering and laminae

defined by grain size, relative proportion of quartz, topaz, hematite,

oT pyrite content may parallel central fractures in the veins.
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"The two largest greisen occurrences are described below:
A) The Esso prospect: A S0 m * 6 m outcroy; of massive quartz-topaz
greisen ‘located to the southeast of Moulting Pond at the granite contact
(Fig. 24) was drilled Wy Esso 'Resources Limited in 1982 (0'Sullivan,
1983). Subparallel quartz;topaz {(with pyrite a.nd/or hematite and/(;r
fluorite) vein' swarms, vanging from frhcture—fillings to veing 3 m wide
underlie the massive outcrop (Plate 22A). Sericitization and bleaching
(commonly with accessory pyrite) of the‘host granite is limited to
within 1 m of individual veins and is generally narrower than vein width
(Plaée 22A). Gray-green muscovite-quartz-topaz greisen (Plate 22R)
occurs marginal to maésive quartz-topaz and can occur as individual
veins. Pyrite-bearing fracture networks chntaining up to 2% fine grained
disseminated pyrite are present in the unaltered granite. Fracture
networks are al‘ﬁ) present in the adjacent rhyolite and contain minor
epidote, quartz, pyrite and isolated grains of molybdenite. -

.

B) The Anesty prospect: This massive quartz-topaz greisen bedy outcrops
over an area of 200 m * 60 m within a convex south lobe of the granite

(Fig. 24). The greisen exhibits both gently dipping (20-40 degrees to

the south) and contorted layering which is defined by grain size
variation and by variation in relative proportions of quartz and topaz.

.Up to 107 disseminated pyrite, minor fluorite and rare small grains of

- r
molybdenite occur. Vugs (to 2 cm) and narrow open fractures in the

greisen are lined with quartz and lesser amounts of fluorite. Coarse

rosettes of molybdenite occur in green muscovite greisen over an area of

6m* 2 mat the west side.
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Rhyolite outcropping immediately -south and west of the Anesty
greisef\‘ is strongly sericitized, A 3 cm wide quartz vein containing
rosettes of molybdenité up to 1 cm in diameter, outcrops 10 m southeast

of the greilsen contact and a biotite~rich pegmatite vein (80 cm * 5 cm)

was noted near the southwest contact.

4-2-2-3 Quartz-Topaz Greisen: This rock 1is white, medium to coarse
‘grained (l-4 mm), equigranular to weakly porphyritic. Locally, coarse
quartz crystals impart a porphyritic.appearance texturally comparable to

the host granite. Green muscovite and white kaolinite may be agsociated

;

with the topazite. Vugs, small open cavities, and fractures are

ubiquitous in gener;;llly massive greisen. These open spaces are 1inéd
with crystals of quartz, dark blue to black fluorite, hematite, sericite
and kaolinite. Colour banding, due to hematite stain, locally occurs
parallel to hair~line fractures. Greisen veins located in the north of

the area generally contain less sericite and kaolinite is absent.

Up to 10X pyrite occurs as dissemipations and in fractures in the
greisen. Isolated grains of molybdenite are common. Malachite stain and
minor fine disseminated bornite were observed in a 20 cm, rounded,
greisen boulder on the east side of Sage kPond. "However, copper
mineralization was not observed.in outcrop.

.

Cassiterite crystals (0.1 - 1.0 mm diameter) are visible in hand
specimen at the Esso prospect, along with dark blue to blacl; fluorite
and fine grained hematite. These minerals are dissemimated in darker
patches *in ‘the greisen matrix or are concentrated in dark, subvertical

»
.
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’
bands. However, cassitérite is generally too fine grained to be observed

.

in outcrop.

4

The quartz-topaz greisen consists of quartz (80-95%), topaz

(5-20%), sericite-muscovite (0-5%), kaolinite (0-5Z), fluorite (0-5%)

*

and opaque . minerals. The opaque minerals are predominantly pyrite

(0-15%), and hematite (0-5%). Fine grained cassiterite ( 0.1 mm) occurs

. .
locally and minor rutile occurs as individual grains or as coarse

intergrowths with cassiterite, Tourmaline (elbaite) was observed in one

thin section.

Quartz varies in grain size from 0.5 mm to 2 mm and exhibits
serrated grain boundaries. Phenocrysts or 'porphyrocrysts' of quartz up
to 6 mm in diameter are common. Weak undulose extinction may be present

.

and the quartz grains are locally fractured,

Topaz occurs as intershtitinl' euhedral to anlhedral * aggregates
between quartz grains or in fract'ures. Grain size is less than 0.2 rm
(Plates‘ 23, 24), Variation in the amount and grain size of topaz is
responsible for the subtle layefing observed in the Anesty and other

&£
greisen,

Sericite is very fine grained (0.1 mm). It is associated with the

topaz and is common in fractures and Vugs. Most sericit- has a weak,

brown pleochroism. Minor white non-pleochroic sericite is also present.
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Kaolinite (Plates 23, 24) is very fine grained and occurs
interstitially to quartz, in fractures, and in vugs. It is associated

with sericite and topaz.

L]
Pluorite is common as late irregular interstitial grains or as
. . ~N . . .
aggregatea in fractures. It is dark blue to black and varies in grain

aize up to 1 mm,

Cassiterite 1{s erratically distributed and generally very fine
grained ( 0.05 mm), although larger euhedral crystals up to 1 mm have
beeﬁ observed in vugs in the greisen. The cassiterite is red-brown and a
pronounced zonation is evident in the coarser grains (Frontispiece). It
occurs as interstitial grains to quartz, as aggregates in fractures and

is associated with topaz and sericite (Plate 24). .

Red-brown rutile occurs as small (<0.05 mm) grains and as complex

intergrowths with cassiterite.

Pyrite is present as subhedral to euhedral grains up to 2 mm and

occurs as interstitisl disseminated grains and in fractures. *

Hematite occurs as irregular interstitial grains, as intergranular
coatings, as coatings in fractures and vugs, and locally as dendritic

grains. It may also occur as coarser grains (to 1 mm) in cavities.

A single dendritic crystal of tourmaline (elbaite) was observed in

thin section from sample 285B.

S
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4-2-2-4 Mineral Chemistry in greisen: Two varieties of sericite occur in
the greisen. One variety has a significant iron and minor magnesium
content (the brown pleachroic variety), while the second variety has the

composition of pure muscovite (compare samples 285A and 289 in Appendix

c). L

Topaz was identified by x-ray diffraction (XRD) and electron

microprobe analyses. The composition is similar to that listed in Deer

et al, (1962). -

Kaolinite was identified by XRD and electron microprobe analyses,
The location of the X-ray peaks and the high-alumina content of the
probed grains indicates that the variety of kaolinite present is
halloysité.

]

Cassiterite was . identified by XRD and by scanning electron
microscope (SEM) analyses (Plate 25). It contains up to 2% FeO and TiO,
with a trace of Al203. Trace element content is variable (Fig.AZS).
Niobium and tantalum peaks were not observed on three saparate
microprobe spectral scans. The cassiterite commoﬁly has complex and
intimate intergrowth pattern with”rutile/(Plate 26) and the rutile may
contain up to 5% SnO,;. Minor discrete tin-silicate g;ains up (to 10
micrometers diameter) ;re present as inclusions in céasiterite (FPig.
26).

Wolframite is extremely fine grained and has not been identified -in

hand specimen or optically in thin section. It was detected by electron
















4]

microprobe in polished sections of mounted heavy mineral separates from
"samples known to contain tungsten from assay data. The probed wolframite

has a FeO/ﬁnO ratio of 2,0 to 2.2 and contains up to 0.3% TiOj..

Rutile contains up to 5% Sn0y and significant niobium may be
present. One sample contained 1.1% W03, although mest samples analysed
did not contain tungsten.

Ve o

The hematite contains trace amounts amounts of Tio, and W04,
A zirconium-cerium oxide (approximately 70 micrometers in diameter)
was noted during electron backscatter imaging of a mounted and polished

heavy mineral concentrate of sample 214 (Fig., 27).
o .

t

' 4-3 THE RENCONTRE LAKE AREA

4-3-1 Granite in the Rencontre Lake Area

4=-3~1-1 Intrusive Relationships: The Rencontre Lake Granite in the

immediate vicihity of the molybdenum prospects intrudes rhyolites

(banded, possibly welded, ash-flow tuffs) of the Precambrian Belle Bay

Formation (Bradley, 1962). Contacts between .the various granite
lithologies are commonly gradational. Finer aplitic units may intrude
coarser grained rocks. North trending, porphyritic, aplite dikes intrude
the Belle Bay Formation and the Rencontre Lake Granite.

4-3-1-2 Lithology: The Lithologies have been described in detail by

Whalen (1976, 1980). Maps showing the distribution of lithologies with

2
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’

respect to the surficial location of .molybdenite mineralizdtion are
presented_in FPigure 28 (a‘fter whalen, 1976, 1980).

These rocks congist of yariably textured, fine to coarse grained,
orange to red, equigranular to porphyritic granite with abundant
pegmatite patches, quartz segregations and miarolitic cavities.
Miarolitic: cavities and quartz-pegmatite pockets are common. Whalen
(1976) emphasized an abundance of quartz segregations in the vicinity of

the Ackley City prospect and tuffisite veins near the Crow Cliff-Dunphy

Brook prospect.

4~3-1-3 Petrography: The mineravlogy and textures have been gummarized in

Chapter 3 and are similar to those of the Hungry Grove ind Sage Pond
Granites. The finer grained rocks commonly exhibit graphic and
granophyric intergrowths, quartz "is embayed and strained, alkali
feldspar is strongly perthitic and commonly poikilitic. Normal zoned
plagioclase is albitic and inay show minor sericite alteration. Biotite
is dark coloured, ragged and variably chloritized.'Accesaory zircon,\
allahite, fluorite and tourmaline are common.

4=3-1-4 Mineral Chemistry: The mineral chemistry_ of the rocks in the

vicinity of the molybde;lii:'é prospects was not investigated in detail.

However, biotite has annitic composition (Fig. 16), Fe-enrichment is

also indicated by the high Fe/Mg ratios of chlorite (Fig, 20).







4-3-2 Alteration and Molybdenite Mineralization

L]

AY
4-3-2-1 Introduction: Molybdenum is the only cdmgodity o}' " economic

interest reported from the the prospects in the Rencontre Lake Granite

(Table 7).'Molybdenite is vigible at all of the prospects/

Alo-3-2-2 Description‘of the Molybdenite Prospeéts: Four granite-hosted
molybdenite deposits are located at the granite contact in the Renco“ntre
area. From west to éaat, these are known as the Motu, the Ackley City,
the Crow Cliff-ﬁunphy Brook and the Wyllie Hill prospects (Figs. &4, 28).
A summary description is presented in Table 7. The reader is referred to
‘%alen (1976) and to Dic;tson (1983) for more specific details. The

. N
material presented below is summarized from Whalen (1976, 1980).

-
A) The Motu prospect is described as a sh;et dipping 30 degrees to the
south, adjacent to the granite-rhyolite contact. Molybdenite occurs
predominantly as fine disseminated intergranular grains and as rosettes
in quartz filled miarolitic qavities. Minor molybdenite occurs in thin
quartz veins. The-nhvo\at -grani e is pink to orange, ,andlpredominantly
fresh in Appearance,\}though waak hematite stain and minor sericite
alteration of the feldspar‘is locally preseﬁt. Whalen (1976) deacrribed
bead—perthite,. variable chlorite alteration of biotite, and plagioclaqe
dusted with sericite and locally altered to clay minerals.
Concentrations of muscov_ite, greisenized' granite, and kaolinite were
reported in driil logs (Nolan, 1969). | \
B) The Ackley- City prospect occurs at the granite contact and has a

steep southerly dip (Fig. 28). Molybdenite occurs predominantly as 2-5

mm disseminated flakes and is also common in miarolitic cavities, in
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quartz and pegma}ite segregations, in muscovite greisen pods, in quartz
veins, and on fracture surfaces (Plate 27). Up to 2% pyrite was noted in
some \ slightly bleached samples on the adit dump. However, pyrite is
generally rare to absent. Fluorite may occur as diéseminatéd graihs. in
the granite or on fracture surfaces. \Trace amounts of sphalerite,
' t .

chalcopyrite —and pyrrhotite have been reported (White, 1939). The
prevalent .feature attributed to alteration is an abundance of qu‘artz
segregations up to 1 m in diameter. ‘Muscovit\e -alteration of feldspar and
pods of coarse grained muscovite are also common, Secondary biotite m;ay
be present near quartz veins. The intruded rhyolite is cut by stockworks
of pyrite-chlorite-filled fractures for a distance of 100 m to the south
of the prospect. - ’

C) The Crow Cliff - Dunphy Brook prospects are the largest ofla series

of coarse, quartz-alkali feldspat, pegmatite sheets (stockscheider) in

granite, which outcrop over | km at and near the contact (Fig. 28). The

contactbdips from 60 degrees E at Crow Cliff in the south to 15 degrees

E at Dunphy Brook in the north. Pegmatite sheets (to 1 m thick) at Crow
Cliff and Dunphy Brook have been exposed over a length of 60 m and 20 m,
respect.ively. Molybdenite occurs predominantly in pegmatite-quartz
crystals as isolated coarse clusters and rosettes (to 3 cm diameter), or
as zones of coarse crystals“ and rosettes, Minor fine disseminated
molybdenite is locally present in the aplitic host to the pegmatite
bodies. Rare fractures in granite contain sparse chalcopyrite, galena
and sphalerite mineralization associated with narrow séricite alteration

.zones, \

\
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Quartz trystals are commonly 'very “coarse, reaching 50 cm°

perpendioulir to the c-crystallographic axis (Plate 28). These cryatals

have vertical orientation with downward pointing terminatiyons.l Parallel
sheets of pegmatite (stockscheider) with intervening aplite are present.
D) The Wyllie Hill prospect (Fig. 28) outcrops in two.zones of white,
altered aplite and fine grained ‘granite, separated by northei‘ly trending
faults. Several areas of pegmatite and stockscheider occur at the
granite contact. A post-mineralization quartz~-feldspar porphyry dike ia
present to the east of the deposit. ) 7 ’
h

Mineralization consists of molybdenite and pyrite coatings on
fractures and joint surfaces (Plate 29) and of fine disseminated pyrite
and molybdenite (pyrite/molybdenite.*’ 10). Pyrite-rich aggregates up to

N L .
3 cm are common and locally contain molybdenite, These aggregates attain

- - »
a density of 4-5/m? and form rusty-weathering nodules. The most abundant
mineralization 1is best described as a stockwork system. Minor
sphalerite, galena and a trace of gold-bearing pitchblende were reported

" by Whalen (1976). A makimum tin content of 30 ppm was reported hy

Dickson (1983)‘.

The mineralized aplite is white to buff and grades northwards into
' normal orange-red granite at a distance of 50~100 m from the granite
contact. The heavily mineralized stockworks are accompanied by sgericite
zone; round the fractures, and kaolinite is 1locally present. The
aggregateé of pyrite are locally accompanied by abundant muscovite,
Whalen describes a unit of quartz-aplite consisting of aplite with

abundant ameoboid quartz bodies up to 0.5 cm * 2.0 cm. Abundant barren

EY
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quartz veins occur in the rhyolite adjacent toithe mineralized zone.
These veins have variable attitudes, pinch and swgll, and are up to 0.5
m wide. Minor pyrite and mélybdenite occurs in fractures in the
rhyolite. |

i

4-3-2-3: Lithology: The céoarse to fine grained granites at the prospects

(Fig. 28) are comparable to those of the host.granite (see section

4-3-1) and have been described by Wﬁalen (1976, 1980). In generat,
mineralization is present in finer grained rocks and areas, of abundant
coarse pegmatite are associated with the Ackley City, Crow Cliff-Dunphy
Brook and Wyllie Hill prospects. However, these lithologies are not
confined to mineralized areas but may occur throughout the Rencontre
Lake Craniﬁe. Muscovite;greisen pods at the Ackley City prospect do not
form mappable features but are presumably related to mineralization. The
bleached aplite which hosts the -Wyllie Hill deposit is the only
distinctive, exposed, lithology associated with molybdenite in the
Rencontre Lake Granite. .White mica alteration is abundant adjacent to
veins and fractureé in the most heavily miner;lized parts of the Wyllie

Hill prospect.

4-3-2-4 Petrography: This has been described by Whalen (1976, 1980; seé
section h-rﬁl). At the Ackley City prospect, microcline is the dominant
alkali feldspar in granite. This contrasts with orthoclase at the other
prospects and throughouﬁ the Rencontre Lake Granite. Peldspazs contain
agundant fine grained hematite. In addition, calcite, barite, and
fluorite have Seen reported from veins and fractures at the éckley City

L
prospect,
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-
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\ . .
The ared of bleached feldspar at the Wyllie Hill prospect contrasts

with 'the normal pink to orange colour. The feldspar does not exhibit

pervasive alteration to sheet silicates, but minor gaussuritization is
\ ——

present,

4-3-2-5 Mineral Chemistry: The molybdenite polytype 2H; occurs at all
four prospects and alightly disordered orthoclase is the pegmatitic
alkali feldspar at the Ackley City, Crow Cliff-Dunphy Brook and Wyllie

Hill prospects (Whalen, 1976).

]
4—4 THE ENVIRONMENT OF CRYSTALLIZATION AND METALLIZATION

4-4-1 The Geological Enviromment

The variable, coarse to fine grained rocks in the Rencontre Lake

and Sage Pond granites have been considered to represent the marginal,

or roof, facies of the Ackley Granite Suite (White, 1939; Whalen, 1976,

1980; Dickson, 1;83; Tuach 1984a). Rapid vafiations in grain size and
texture, along with pegmatite, are interpreted to reflect rapid changes
in nucleation rates and crystal growth rates which occurred in response
to local variation in vapour pressure and/or cooling raées af the roof
and margin of the granite. These textural variations collectively define

.

the 'roof facies of the granite, but individually have little direct
ol <

influence on the locale of mineralization. The internal intrusive

contacts in the granites are not considered to be temporally or

genetically significant and individual textural Ffacies have no direct

correlation with mineralization.
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4-4-2 Formation of the Molybdenite Deposits

} The main prospects occur in shallower dipping concave features pn

the generally steeply dipping céntact of the Rencontre Lake Granite,
Thus they represent areas where mineral bearing fluids or magmatic
precursors to mineralization were trapped against the contact (White,
1939; Whalen, 1975; 1980). The deposits have been classified (Whalen,
1976, 1980) as aplite;ﬁegmatite 'type', collectively exhibiting features
which represent the trahsition from molybdenite deposition in the
magmatic enviro}‘u_ne;it\,xtﬁot'u ana ‘ partly Ackley Citys, to the
pneuomatolytic enviror?ment (Crow Cliff-Dunphy Brook) to the dominantly

hydrothermal enviromment (Wyllie Hill and parts of Ackley City), ‘The

[N .
- .

magmatic environment is texturally indicated by the granular
disseminated molybdenite and a lack of low temperature alteration
features, the hydrothermal environment is characterized by secondary
élteration and the stockwork mineralization (Whalen, 1976, 1980).

The miarolitic cavities ’and the pegmatite indicate that the
magmatic environment was fluid saturated at the four sites of mineral .
depositic;n, a feature in common with large areas of the Rencontre Lake
Granite. The quartz pods' which are most abundant at the Ackley City
prospect have margins of quartz-feldspar and may sirﬁly reflec.t an
exces’s of silica in the final stéges of crystallization of the fluid-
rich magma. The downward termination of quartz crystals in the Crow
Cliff-Dunphy Brook area indicate downward-grou)th from the rhyolite roof

(Whalen, 1976), or from early chilled marginal aplite phases near the
Al

roof. Parallel sheets of stockscheider with intervening aplite may be
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developed, indicating rapid variations in fluid pressure in the roof
zone during crystallization, with the pegmatite formed under high fluid
pressure and the aplite formed by pressure-quenching due to loss

(through fracturing?) of vapour (Jahns and Burnham, 1969).

The low temperature alteration features (muscovite -and sgericite
alteration) at the Ackley City and Wyllie Hill prospects indicate‘a
continuum of higher to lower temperature alteration as the granite
cooled. The stockwork alteration and‘minerélization at the Wyllie fiill
prospect indicate a low temperature'overprint'(pdasibly by>meteoric) of
magmatic features. Bleaching of feldspar in the Wyllie Hill area has
been attributed to leaching of iron from the feldspars to form pyrite
(Wh1te 1939) and to reduction of ferric to ferroua iron by addition ;f
sulptfur to the rock (Whalen, l9769¥ The bleaqping is also partly due to

. . P
fine sericite alteration of feldspar.

‘Whalen (1980) suggested that the aplites intruded the coarser

grained granite and that the aplite and associated mineralizing fluids
were a final product of liquid-crystal fractional crystallization

processes (cf. McCarthy and Hasty, 1976). Whalen (1983) suggested that
liquid-state magmatic diffusion processes (Hildreth, 1979, 1981) could
have also been important in the generation of the ﬁolybdenite prospects.

-

4-4-3 Formation of the Sage Pond Creisen

The ﬁredominant subvertical E-W trend of the smaller greisan veins,

the presence of én echelon sets of veins and the internal vertical .




- 137 -

-layering in these small veins, indicate that the mineralizing fluids

rose along pre-existing fractures in a solid granite body. The pr;sence
of quartz pheﬁocrysts in adjacent greisen and host granite suggest that
- these veins formed by alteration of pre-existing granite. Stockworks of
hair-lipe fractures in the Granite with minor alteration and'
mineralization, indicate that the process of hydraulic fracturing
(Burnham,- 1979) may have assisted in formation éf the larger fractures
and mineralized veins. ihe relative absence of kaolinite and sericite in
" small greisen veins from the north part of the Sage Pond Granite,
sugéest that temperatures of vein fopmgtibn were higher in this are;, or
e :
that low temperature modification of high temperature veins did not

occur.

s\

The largest greisen are located in outward (southwards) convex
-lobes of the granite contact and the’ presence of shallow aoucheriy—
dipping quartz-topaz layering at the Anesty prospect suggests that this
greisen formed from a fluid ponded in an embgyment at the‘ granite
margin. Alteration of the intruded rhyolite to the south of the Anesty
prospect suggests that the greisen forms.a sheet or body which extends

under the rhyoliCe.’

The erratic distribution of minerals of economic intereat is
tyéical of many. granophile deppditg (Pollard and Taylor, 1985). The
difficulty in identification of the tungsten-bearing phase in the Sage
Pond area is thought to be due to its erratic distribution and its fine

grained habit. Significant concentrations of tungsten were not recorded

during analyses of the other mineral phases.

<
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A model is envisaged in which Ifluorine-tin-t'ungsten—bearing
magmatic fluids evolved from 4 ,rapidly «crystallizing, highly
. fractionated, high level marginal phase of the Ackley Granite Suite and
rose along predominantly E-W ~trending fractures in the solidified
granite' carapace to collect in embayments at the gt;anite margin and
roof. Comparable models have been presented for Sn-W granitoid
mineralization in many parts of the world {eg. Richardson et al. 1982; -

————l

Eadington, 1983; Kleeman, 1985).

Most é‘uthora accept that topaz-rich greisens form by hydrothermal
alteration caused by aqueous solutions, although Eadington (1983) argged
that massive topazite greisers iﬁ eastern Austr.alia formed from re.sidual
fluorine-rich silicate magmas. This lat:ter: proposal was opposed. by

Kleeman: (1985) o‘; the basis of field evidence. The greisens in the Sage
Pond area provide ample field evidence for hydrothgrma‘l alter§tion\of
-the host granite and are ‘_considered," to have formed by hydrothermal

-

alteration of the parent rock.
4-4-4 Cﬁparison Between the Sage Pond and Rencontre Lake Areas

The ?mila?ities in lithology, petrogr‘aphy, an;i texture of the host
granites /to mineralization in the Rencontre Lake and Sage Pond granites
are striking. in additiont the—deposits all occur at the éranite contact
in convex' lobes, with the. most widespread mineralization located at
areas af shallow dip of the rhyolite—granite contact. These ’featutes
indicate that ‘the petrogenetic and ‘cryatallizati‘.on‘history oé the

separate granites and mineral deposits are similar and that the large

v
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scale controls oVer location and morphology of the different deposits

are identical,

. Differences between the Rencontre Lake land Sage Pond granites are
minor. The Sage Pond granite contains relatively fewer miarolitic
.cavities and pegmatite. Muscovite alteration of biotite and feldspar is
widespread in the Sage Pond area, while chlorite alteration of biofite
is dominant in the R.encc;ntre Lake Gragite. Tl'fe textural differences may
be related to the degree of water séltuiation or pressure of
crystallization of the solidifying magma. Differences in alteration

mineralogy reflect differences in the subsolidus history which may be

controlled by different fluid composition and temperature.

‘
-

There is also a difference in the style of mineralization between -«
the two areas. Small Sn-W greisen wveins occur throughout the Sage Pond
Granite, with the largest mineralized greisen at the granite margin. In

contrast, molybdenite mineralization and associated alteration in the

Rencontre Lake  Granite are generally confined to the granite margin.
However, isolated, small quartz veins are present over large areas of
the Rencontre Lake Granite and may be an equivalent to the smaller

greisen veins in the Sage Pond Granite. . . -




CHAPTER 5 - MAJOR OXIDE AND TRACE ELEMENT GEOCHEMISTRY

5-1 INTRODUCTION

» This chapter: (1) defines regional geochemical trends based on the
data of Dickson (1983), (2) describes the geographic relationship of
these trends to areas of known mineralization and to textural and
mineralogical variations in the study area, (3) sumari;es and compares
geochemical data from the mineralized rocks and host granite at Sage
Pond and at Rencontre Lake and (4) compares the geochemistry of the
study area to that of granites‘ - asgociated with significant
mineralization and to high-silica volcanic systems in other parts of the

world.

Dickson (1983) presented analytical data for the major oxides and

21 trace elements from 357 samples collected systematically on a grid of

4 km’ spacing over the study ares (Appendix B-1). These data were

collected as part of a regional 1:50,000 scale mapping programme
currently be{ng undertaken by the Newfoundland Department of Mines and
Energy. A major advantaée of the large body of systematically-collected
data is that it can be used to show statistically valid geographic
trends in the geochemical variation, both for the body as a whole and
for the individual 1lithological units; Much of the datAa analysis was
performed on sample groups outlined by Dickson (1983); Therefore,

reference is made to the original units in some of the data

presentation, particularly where significant features diverge from them.

-140_
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Instrumental neutrén activation analyses (INNA) for rare-earth
elements ‘(REE), As, Co, Cs, Hf, Sb, Sc, Ta, Th, U and W were performed
on 20 samples from throughout the study area (Appendix B). These data
are listed in Appendix F and the rare-earth e¢lement data are discussed

in Chapter 6. In addition, the 357 samples collected by Dickson were

analyzed for Hy0, S and CO,; at the Newfoundland Department of Mines and

Energy Laboratory.

5-2 AREAL PATTERNS OF GEOCHEMICAL VARIATION

5-2-1 Regional Variations

The average compositions of the sample groups, or lithological
units, recognized by Dickson (1983) are presented 1?\ Table 8 - and
summarized in Figures 29 and 30. These figures show the sample{ groups
"plo;ted in order of increasing mean Si0g content from left to right, an
arrangement which wimics their geographic distribution from vest to
east. .Silica‘co.ntent throughout the soutteastern granites is very high,
The five lowest-silica sample groups occur in the Gander Terrane to the
west of the projected trace of the Dover—Hermitrjage Bay Fault zone. The
other groups either overlap the Fault zoge (Meta Granite) or occur in
the Avalon Terrane. The dif%erent terraned are also reflected in the
other major oxides which are higher in the northwest than in the

r

southeast, The concentrations of V, Zn, Sr and Ba are significantly

higher in the granitoid rocks intruding the Gander Terrane, while Rb, Y,
Nb, Th and U are highest in the granites intruding the Avalon Terrane.

Other trace elements (Li, Be, ¥y Cu, Pb, Ga, Zr, Sn and Mo) do not

exhibit systematic variations wfth respect to the Fault zone.
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Table 8: Mean Composition of the lithological units recognized by
Dickson, (1983),

1
1

Pluton Total Popn, Koskaecodde Mollyguajeck, -
Unit : 9 10
No. Samples 357 29 22
Statistic X 8 x s X 8
Oxide wt.2X
§i09 73.7 3.8 68.4 5.5 68.9 4.6
Al,03 13.11 1.30 14.53° 1.54 14.44 1.27
Fe703 0.53  0.42 0.95 0.62 0.84 0.66
FeO 1.09 0.68 \2.09 1.13 1.81 0.96
MgO 0.45 0%.51 1.31 0.86 1.15 0.82
Cal 0.92 0.76 2.10 1.20 1.93 1.17
Na,0 3.45  0.37 3.17 0.55 3.09 0.26
K50 5.00 0.52 4.90 0.71 5.02 0.86
TiO, 0.39 0.18 0.56 0.29 0.46 8.25
Mn0 0.05 0.02 0.08 0.03 0.06 0.03
P705 0.06 0.06 0.16 0.10 0.23 0.10
LOI 0.83 0.32 1.18 0.46 1.32 0.51
Element g/t
Li 43 22 ¢ 37 17 38 14
Be : 6 3 4 1 No
: Analyses
F 737 548 769 359 498 238 '
v 20 26 56 40 52 36 '
Cu . 3 3 4 3 5 S
Zn 16 16 "3l 20 22 20
Ga 17 3 15 3 16 3
Rb C 274 95 232 51 217 48
Sr S 112- 134 167 96 198 103
Y ! 55 28 44 15 29 9
Zr ‘ 159 58 185 70 159 64
Nb . 34 18 23 8 16 7
Mo ’ 4 5 3 S| 4 3
Sn 2 13 N B 1 1 0 Qe
Ba > 308 243 504 328 521 246 -
Pb 27 10 29 8 32 11
Th 40 14 - 28 12 22 11

v _ 43 4 2 3 1




Table 8: (Cont.d)

Pluton Sylvester Kepenkeck N.A.
Unit 11A 118 12
No. Samples °* 28 20 ) - 15
Statistic % s X. s x 8
Oxide wt.Z%
$10, ' 71.5 2.0 72.4 1.5 10.6 4.3
Al903 13.75 0.79 14,11 - 0.50 14,09 2.25
Fe 04 0.67 0.55 _ 0.50 0.28 0.69 0.40
FeO 1.14 0.39 1.06 0.28 1.62 0.43
MgO 0.63 0.29 0.56 0.26 "0.86 0.42
. Cao 1.16 0.36 1.16 0.32 1.53 0.80
Na,0 3.53 0.28 3.68 " 0.25 3.20 0.27
K90 4.69 0.56 4,62 0.34 5.21 1.02
Ti0, "0.35 - 0.10 0.38 0.09 0.45 0.15
MnO 0.06 0.02 0.06 0.01 0.06 0.02
“P90s 0.09 0.04 0.09 0.02 0.01 0.06
LOI 1,01 0.37 1.01 0.78 0.96 0.25
Element g/t
Li, 50 20 78 21 51 19
Be 6 1 .7 3 5 2
F 626 365 538 169 707 251
v 29 12 23 12 41 27
Cu 4 5 2 1 £ 2 0
Zn ' 19 14 18 6 25 15
Ga 16 2 .3 17 2 18 S
Rb 234 65 222 22 295 117
St 230 128 297 68 119 52
Y 36 14 22 5 45 16
Zr 146 35 114 22 184 59
Nb 24 10 18 3 28 10
Mo 4 2 ) 4 | 4 1
Sn 1 1 1 0 1 1
Ba 420 158 579 129 384 -~ 186
Pb ' 28 6 29 3 36 129
- Th . 26 10 ~ 30 10 30 10.

U 4 2 5 Yo 5 2




‘Table 8: {(Cont.d)

Pluton Tolt Hungry Grove Rencontre Lake
Unit ) 13 14 144
No. Samples 80 . 84 49

Statistic
Oxide wt.X

75.5

12.65
0.33
0.90
0.16
0.49
3.77
4.9
0.18
0.04
0.03
0.71

§i0,
Al,03
F9203
FeO
- MgO
CaO
Na20
K»0
T%Oz
MnO
P304
LOI1

_
N

L

o ®w

QOOoOWVWODOCO
CQOoCOODOoOOO0OOCOaNn

.

—_ O O NN N -~
EWN= O WO

Element g/t

Li
Be
F
v
Cu
Zn
Ga
Rb
Sr
Y
Zr
Nb
Mo
Sn
Ba
Pb
Th
U
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Table 8: (Cont.d)

Pluton Sage Pond Meta Whalen 1976
Unit 148 15 Part of l4A
No. Samples 9 : 21 31
Statistic _ x 8 x s x 8
Oxide wt.Z

$i0, 769 0.8 75.1 2.2 76.5 1.9
Al903 11.99 0.22 12.93 0.85 12.25 0.67
Fe04 . 0.39 0.37 0.50 0.34 1.17 0.42
FeO 0.55% 0.33 0.67 0.31 - (ToT)
MgO 0.10 0.04 . 0.31 0.13 0.20 0.13
Ca0 0.33 0.11 7 0.6l 0.25 0.43 0.19
Na,0 3.52 0.18 3.57 0.42 3.44 0.44
Ko0 4.98 0.14 5.06 0.45 4.80 0.16
Ti02 0.11 0.03 0.24 0.10 0.22 0.22
MnO 0.03 0.01 0.04 0.01 0.05 0.02
P9 Og 0.01 0.00 0.04 0.03 -

LQI 0.77 0.09 0.76° 0.15 -

Element S/C
Li 87 © 31 23 9 -

Be 12 5 3 1 - i
F 2016 987 328 162 - /
v . 5 0 9 - 7 - : ;
Cu 2 0 2 1 4 1
Zn 12 11 12 10 25 37 /
Ga 21 2 13 .2 -

Rb . 556 46 207 48 313 61

St ’ S 11 3 93 46 60 40

Y & 96 42 .32 12 -

Zr 154 17 141 48 176 52

Nb 76 12 23 4 - .

Mo 5 2 4 1 -

Sn 29 BO 1 0 -

Ba 56 - 24 295 178 138 86

Pb 35 9 25 7 - -

Th 65 7 - 23 6 -

U o . 14 4 4 1 -







Figure 30: Trace element distribution in the study area based on the
units of Dickson (1983). Diagram explained in caption to
Figure 29.
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There are also some clear differences displayed in Figures 29 and
30 between the Sage Pond Granite and the other granites in the
gouthwest. It has highest silica content and has higher concentrations

of Rb, Nb, Th and U. The concentrations of Be, Ga, F and Li are double

those of all other units,

The geochemical differences between \:;¥ granitoid rocks in the
northwest with lower silica and higher Ca-Femic oxides and thouse in the
southeast with higher silica and lower Ca-Femic oxides, are seen in
Figures 31 and 32 to occur across a line located'approximately 10-195 km
northwest of the projec{ed trace of the Dover-Hermitage Fault zone. The
projected trace is not highlighted by the chemical maps; nor are there

distinct differences across this line. These features suggest that the

magmatic systems indigenous to the Avalon Terrane overlapped onto the

Gander Terrane.

The main chemical boundary between the northwest and southeast
granitoids bisects unit 12 establisﬁed by Dickson (1983). This boundary
is also indicated from the petrographic data by the presence of
hornblende on the northwest side and by changes in compositional trends
of biotite across this line. The distribution of Al,03, Li, F, Nb, Rb»
and Th (Figs. 31, 34, 35, 36), indicates that the southeast half of unit
12 forms part of the Hungry Grove Granite and the major oxi&e maps (Fig,
31, 32) indicate that the granitoid rocks in unit 12 immediately west of

the chemical boundary belong to the Koskaecodde Pluton.
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Maps -ef -Nas0 and K0 do not exhibit clear trends with respect to

the other oxides and elements. There~is a tendency for NagQ to have

higher values in the northern and sgsouthwestern Ackley Granite Shite\;\

There is no evidence for extensive albitizaltion (Na—metaédmatiam) or °
K-Feldspar alteration associated with the . main mineralized areas. .
Highest values for Hp0 (Fig. 33) occur in the biotite-rich, relatively
mafic rocks and slightiy higher values' occur in the Rencontre Lake
Cranite relative to the SagelPond Granite. Carbon, dioxide isvhighest in
‘the m;fic portion of the Mollyguajeck Plutc')n,/'/(u;r;it 10)"‘ and is elevated
along the trace of the northwest margin of/ r;/he". !h;ngry Grove Granite ang_l’
in the Meta Granite; elevated valuesi also occur/in the Sage Pond Granite
and 'in the southeast part of the To,{t Gr;mite.. Sulphur values are o

-

erratic and are highest in the Koskaeco_ddq"Pluton.
4

/

In the northwest gt;anitoids, values for Si0) are lower, and for
other major oxides .are higher, in the -granodioritic parts of the
Koskaecodde and Hollyguajebck plut;c;;a. These rocks have correspondingly . //-
low values for most large ion lithophile (LIL) trace élements (f-‘, Ga, /
Rb, Y, 2Zr, Nb, Mo, Sn, Th and U) and higher values for Ba. Strontium is
higher in the Mollyguajeck Pluton relative to the Roskaecodde Pl_uton'/
(Table 8). Strontium and Ba values in the more felsic -rock\s/ of £he
Kepenkeck Granite are at a coh;parable level, or s'iight.ly higher;, than

utons/at the same

values in mafic rocks of tlie Koskaecodde and Molly uajeck‘ p}néma and
are significantly higher than those for the latter Sl

$i0y levels (Dickson, 1983;'Figs. 31, 35). This latter feature implies

that the Kepenkeck Granité is genetically unrelated?é\e granodiorite-

granite plutons.
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Within the southeastern granites, there is a trend to higher val\‘xea
of LIL trace elements_ (enrichmeat trend) and to lower values of Ca0,
MgO, Ba and Sr (depletion tren‘d) which \:ulminatea at the a.reaa' of known

. mineralization at Sage Pond and Rencontre Lake. The concentrations of Moﬁ
and sn (Fig. 36) are generally at orbbelow the analytical detection
limit aqd it is- not possible to .map their regional dyistribution.'

Nevertheless, the higher concentrations of Sn occur in the Renkontre

Lake, Sage Pond and southern Hiungry Grove granites.
|
1

i .
The elements Be, F, Ga, Rb, Y, Nb, Th and U are shown in Figures

¢
34, 35 and 36 to be distinctly higher in the Sage Pond Granite compared

to the other granites. This is also apparent from the geochemical maps,

‘but the enrichment of these elements can be seen as part of a broad i
trend vhich includes all of the Hungry Grove Granite and the wester
parts of the Tolt and Meta granites. Several of the element trends

(particularly F, Rb and Li) continue into the northwestern granitoids.
| S R i . - .

. The v'aiues and patterns of major elements, Ba, Sr and Y are similar ' ) 1‘

: - i
in the Rencontre Lake Granite and in the Sage Pond Granite, Hc{uever, l
there are si;gn.‘ificant différences in other trace element concentrations,
Rubidium, Nb, Thv and U have elevated background values in the Rencontre
Lake Granite but do not show the stlrong exirich‘ment.trends which are
apparent in the Hungry Grove and ‘Sage ‘Pond granites., Pluorine ‘is
relatively depléted in the Rencontre Lake Granite ﬁnd strongly eariched

in the southern Hungry Grove and Sage Pond granites.
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The trace element enr}.chment/depleﬁion trends dov not correspond
exactly with silica enrichment amd major element trends. High—silica
rocks of the Meta Granite and the east part of the Tolt Granite are not
enriched in the LIL élements or depleﬁed in Ba and Sr. Contour lines and
maj;)r oxide and trace element trends, clearly cross the defined
litholqgical boundaries and there is a greater complexi;ty‘ of
distribution of ther trace elemeﬁts relative to 'major oxides. These
featvures- indicate ,a forr;l of trace elemen.t—cryptic layering throughout

/

the southeastern granites.

5-2~2 Distribution of Element Ratios
The distribution of Rb/Sr ratios, shown in Figure 37, demonstrates
the extremely differentiated (Rb/Sr P 50) nature of the southern part of
the Ackley Granite Suite and shows a trend of increasing values towards
the main mineralized areas. K/Ba ratios (Fig. 37) also show the extreme
di fferentiation. Both the Rb/Sr and- the K/Ba are relatively high
7
throughout the southeast granites. .
U/Th ratios do not form a trend in association with mineralization
and do not indicate U-specialization in the study area (cf. Chatterjee

\
et al., 1983). These elements have a strong correlation and both show

strong enrichment towards the Sage Pond area,
Ferric/ferrous ratios are erratic, although those in the Sage Pond
Granite are higher than those associated with ‘molybdenite “in the

Rencontre Lake Granite. Some of the highest valuea occur to the north of

the tin-tungsten mineralized area at Sage Pond.







5~3 STATISTICAL ANALYSIS OF CEOCHEMICAL DATA

5-3-1 Iatroduction

The data has been subject to statistical treatment to assess its
accyracy and precision and estimates of these parameters were presented
by Dickson (1983), and .are; summarized in Appendix B. Examination of data
from duplicate and repliicate samples and from resampling by the author
indicates that the results are highly reproducible. The SPSS package
(version 9.0; N'ie et al., 1975) was used for the data analysis.

.

_.‘I‘he range of data in many of the bivariate plots could be
considered® to res&ult from problems associated with the coarse-grained
nature of many of t.he rocks. However, the large samples collected ( 2
Kg), the scale of the eamplli'ng project and fhe reproducibility of the
data in small areas .indicate that the poor covariation between many
element pairs is due to inherent variability in the chemical proc’esseé
which operated to produce the granite compositions. Any trends which are
evident fré»m the large body of data are therefore considered to be real,

The results of three of the statistical procedures used to analyze
the data are presented and discussed below. Spearman non—parametric
co:r,elation‘ma‘tricgs were constructed to assess the co-variation of

elements, R-mode factor analysis was chosen in order to .summarize the

large numbers of wvariables in the data file. Discriminant function

analysis was selected to assist in classifying the granitoids in areas

of ambiguity.

«




S
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5-3-2 Spear-an Correlations

[0

Spearman non-parametric rank éorrelafions were calcululted for
selected groupings of the data. This technique: was selected since some
elemént distributions afe neither normal or lognormal and spurious
values in a small sample p'opL;’lation may stro?gly influence the ‘apparent
population distribution and the calcuiated”covariance. This latter
feature may affect comparison c;f data between sample p'opulatipns of
different size. The covar{a.nce values for the Spearman and the more

commonly used Pearson correlations vary within a range of 102 for the

larger groupings of samples.

The covariance of elements in the Rencontre Lake Granite and the
Hungry Grove and éage Pond granites are preseﬁted in two aseparate
cor—relation matrices in Appendix E-1 and E-2 respectively. Correlation
coefficie.nts at less than the 90% confidence level have been omitted
from these tables for clarity. The observed element covariances are
considered normal for evolving granitic magma systems with a nefative
cc;rrelation between §iO, and the Ca-Femic oxides and a positive
c‘orrela-tion between 5i0, and the LIL trace elemeﬁts; these element
associations are gener;lly stronger in the Reﬁcontre Lake Granite than
in the Hungry Grove Granite. K50 and Na,0 have weak covariances in both,
matrices and are either independent or show a only weak covariance with
the other elements in the Hung\ry Grove and Sage f’ond granites. However,
ti’1ere is a moderate nega'tive correlation of both of these oxides with
Si0; and the LIL incompatible trace elements and & moderate positive
correlation with the compatible trace elements (Ba, Sr) in the Rencontre

Lake Granite.
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A subsidiary correlatiénamatrix based on 14 samples for which REE
and INAA analyses are available is presented in Appendix E-3. The
samples were selected as representative of the southeastern granites;
data from the Rencontre L#ke Granite was émitted since there are

significant differences in trace element concentrations (Figs. 34, 35,

36). ¢}

The covariance of many elements in the main table (Apﬁendix E—Z)
and in the éubsidiary table are of similar sign and intensiﬁy, while
other elements show significant differences. For examp;e, Si05 has
covariances with most other elements in the main table and does not show
significant covariance with FeO, Ca0, K40, TiOz, F, Rb, Y, Nb, Th, or U
in the subsidiary Table. 1In addigion, F and Li are independent of the
other variables in the subsidiary data-set while showing weak to
moderate covariances with other trace elementa‘in the main data. These
features, result{ng from the differences in size of the populations, may
mean that the subsidiafy sample set is inadequate to realistically
characterize the geochemical variations in the Hungry Grove and Sage

Pond granites. Nevertheless, there are some notable features.

The elements Li and F are commonly considergd to be retained in the
melt during magmatic differentiation; to partition into late aqueéus
phases, and to be concentrated via hydrothermal fluids (Strong, 1980,
Manning and Pichivant, 1985). Thus the independent behavior>of these

elements from the other LIL elements and from each other in the

subsidiary matrix may reflect their behavior in the magmatic system. The

iarger data base may reflect the compatible behavior of Li and F in.the
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magmatic stage, while the subsidiaryudata base, which is weighted with

samples in proximity to mineralized areas, reflects the hydrothermal and .
therefore erratic, concentration of these elements.

Significant covariance of the light REE (La, Ce, Nd) and
significant covariance of the light REE with ;ther variables is not
evident. ‘A moderate negative covariance ;f’Nd with Ca0, V sand Sr is
present. This latter feature is unusual since the trivalent REE are
thought to substitute most readily for Ca (cf. T;;lor and Fryer, 1983);
;s does Sr. In coﬁttasﬁ, the heavy REE (Tb to Lu) and Sm exhibit nome.of
the strongest inter-element covariances and correlate strongly with most
other LIL elements. The heavy REE also have a positive covariance with
K70, a negative covariance with Fe0, Mg0h, CaO, Ti0y, MnO and Pzds and
are independent of Najg0. These features suggest that the controls ove;

the distribution of the light REE are more complex than the controls

‘over the heavy REE.

Tantalum and Hf, as expected, ﬁave a strong positive correlation
with the- e¢lements Rb, Y, Th, U and As, while Co and Sc correlate
positively with the compatible elements Sr ;nd Ba, and with the Ca-Femic
oxides. W shows a moderate covariance with both Li, F and As and has a

negative covariance with K70 and Mng.
5-3-3 Factor Analysis

5-3-3=1 A Factor Model: The statistical technique of - R-mode factor

analysis provides a method of combining the chemical data into a emaller
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mumber of correlated variables ("factors') which can be calculated for
5 _ :

o

each sample and thus assessed in terms of their spatial distribution.
This technique, using principle component analysis requires no a priori
assumptions about the underlying structure of, or relationship between,

the variables.

The results of a four-factor model'for the sample suite from thé

_8tudy area are shown in Table 9. The elements Sn, Mo and Be have been

omitted frém this model because a large proportion of the values for
’

these elements are at or below the‘ analytical detectionz.Limits,

Communalities for‘ea;hbvariable are also shown in Table 9 frthﬁhich it

can be seen that the model actounts well for the variance of 'all

elements except Cu, which is near the analytical detection limit,

Together the four factors of ‘the model account for 72% of the
combiﬁed variance in the data. F;ctorbl, which accounts for almost half °
the variance, has high loadings for all Fhevwfjor oxi&es except K90 and
Naq0, with the loading for silica being opposite in sense to that of the
other oxides. This'factor gummarizes the trends shown in Figure 29 and
in the map distributions of the'major oxides (Figs. 31, 32, 33). The
trace elements V, Sr, Ba, Zn, Zr and Cu all have pbs{tive loadings
greater thaﬁ 0.4 and Nb, Pb, Th and U négative Ioadings;less than —0{4.

- Therefore, these elements contribute significantly to this Eactér{
Factor | can be interpreéed to repr;sent the oxide and element
correlation and associations related to crystallization of the major

silicate phases in the granitoid rocks.

]




u

Table 9: The first four principal components (factors) for - all

lithogeochBmical

data

(after

VARIMAX

rotation).

Oxidea and

Factor 1

elements with factor loadings £ 0.4 are omitted,

Variable Factor 2 Factor 3 . Factor & Communality
- . .

-
MgO - 0.91. 0.92 Mgo
$i09, -0.90 0.87 8i0,
TiO, 0.90 - 0.88 TiO,y
Ca0 0.90 0.86 Ca0
Fe(tot.) 0.89 0.82. Fe(total)
P20s 0.89 0.83 Pj0g
A1203 0.83 0.89 A1203 :
MnO - 0.81 0.71 MnO
v 0.86 . 0.77 v
Sr 0.75 ~0.50 0.82 Sr
Ba ¢ 0.72 -0.47 0.74 Ba
Zn 0.68 0.61 2Zn
VA 0.57 0:60 Zr
tu 0.41 0.22 Cu
Nb -0.41 0.78 0.84 Nb
Rb -0.42 0.76 0.85 Rb
u - -0.41 0.72 0.72 U
Th -0.44 0.72 0.72 Th
Y 0.70 0.72 Y
F 0.63 0.59 F,
Li 0n.61 0.52 Li
Ga 0.52 0.51 0.57 Ga
Pb ' 0.79 0.72 pb
K0 i 0.68 0.50 X,0
Na,0 0.82 0.68 Na,0
percent
variance 44 4% 14 .6% 6.92 6.0%

L ]
/
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Whereas majc;r element- oxide loadings of magﬁitude greaterA than 0.4 '

»

are associated solely with.Factor 1, some trace elements are agsociated

with two factors. Factor 2 is a pdait;ive association of the trace

elements which-are thought to be chara{éteristical_ly entiched in magmas
' []

\‘Hu’ring crystallization_i, together with a negati\;e""-.as_sociation of Sr and
Ba. The fact that all of these elements (except Y, F and Li) are
si‘gni_ficant contributers to both Factors | -an;i 2, which are by
definition independent of each\ other',' suggests that there are atv least

two distinct processes which account for the main geochemical variationas
N B

in the granitoid rocks. Tl

°

Factors 3 and 4 are much less important in accounting for! thae
overall variance and demonstrate the independent behavior of K20 and

Nas0, both from each other -and from the other oxides. The association of

Pb with K90 and Ga with N:azo suggests a substitution of Pb for K in

alkali feldé'par and Ga for Na in plagioc_las;,;e respectively,

‘
!

!

5—3—3—2 Factor Scores and Areal Distribution: From the factor model
presented in Table 9, factor scores have been computed for each sample
for each of the four factors,—which can he mapped as shown in Figure 38, .
The relatively smoogh patterns observed were obtained by hand-contouring
and succinctly \summarize ther major and trace element trends in Figures

-29 to 37.

Factor 1 is generally low (less than median value) in the
southeastern granites. The enrichment in the LIL trace elements in the

Sage Pond Granite and the southern Hungry Grove Granite is clearly shown







" by ~F§,c,c'6r 2 in 4Figure 38. Another feature of the areal distribution of
Factor 2 i"s that it shéws little relation t.o'tiie. area of low Factor lb
<. values. In particular, the high Factor 2 values trend in a northwesterlly
direction across the fault zone, almost at right angles to the Factor |
trend. The difference in Factor 2 scores ‘between the Rencontre Lake:
/_G_ranj.ze and the Sage Pond Granite reflects the lesser enrichmentAir.\ the

former in'incompatible trace elements and its depletion in fluorine,

although both granites show depletion trends in Ba and Sr.

s

5-3-3-3 Enrichment/Depletion 'tr&ends: The * dominant control over the

relative enrichment or depletion of elements during differentiation in
magmatic systems may be partitioning of trace elements between gcrystals
and liquid (Hanson, 1978), or alternatively, relative diffusion rates

for the elements (Hildreth, 1979, 1981l), or relative density contrast

between silicate-melt-polymers and crystals (Sparks‘ et al., 1984). A

quantitative estimate of the degree of élement enrichment and depletion

may be useful in assessing the relative importance of the mechanisms

noted above. e

A problem \;rith the evaluation of enricﬁment/depletion factors lies
in the subjectivity in choice of yparameters used to measure them. For
example Hildreth (1979) was able to use physical soundary conditions,
based on the assumpti.on that the lowest (earliést) material erupted in
the Bishop Tuff repr?sents the uppermg)st parts of the saource magma
chamber  and that the upper (later) erupted material came #rom
correspondingly deeper parts. ‘Whalen (1983) sgelected a few samples which .

[ ]
he considered “to be “"representative chemical data" and his enrichment/
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depletion diagram is based on ":the ratio of analysis of chemically

evolved granir.er divided by le.ast evolved granite.
)

The factor loadings which have been calculated and ‘mapped provide

an index of the enrichment and depletion of the range of elements.

.

Q‘uasi-énrichment/depletion diagrams can be constructed for the data

which are analogous to early/late enrichment/depletion diagrams

»

presented by Hildreth (1979) and such a diégt.‘am is shown in Figure- 39.

This is a plot of the element loadings for' Factor 2, arranged as

positive above and negative below a zero line. The patterns are

»
N

remarkably similar to those observed by Hildreth (Fig. 39).

. . . v ’ \

Element lloadingé'(Fj.g. 39) were also calculated for the Rencontre
Lake Granite which is assoclated with molybdenite mineralization, and

for sthe combined data for the Hungty Grove and Sage Pond ‘granites

associated with tin-tungsten mineralization. Comparison of the two sets
of loadings . shows most of the features described from the geochemical
» .

map&. Manganese and F are depleted and Zr is slightly enriched in the

Rencontre Lake Granite compared to the Hungry Grove and Sage Pond

granites. Most of the other elements show the expected contrasts in

degree of enrichment, with the Rencontte Lake Granite exhibiting a
. ‘ , .
legser -degree of enrichment in.the LIL elements and a lesser depletion

-

in Ba and Sr. Sodium exhibits an enrichment trend in the Hungry Grove -
and Sage Pond granites and K90 exhibits a strong depletion trend in the
Rencontre Lake Granite. These latter features are not readily apparent

from the map distribution of these elements.
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Flgure 39: A: Relative enrichment and depletion of elements in the study
area based on element loadings for Factor 2. Hatched bars are
Hungry Grove and Sage Pond granites (Sn~system), solid bars
are all data, and open bars are Rencontre Lake Granite
(Mo-gystem). ’ '
B: Shows enrichment-depletion factors calculated for the
Bishop Tuff (Hildreth, 1979).




. - >

. vy . 171 - ) . . . J'

-

The similarity between patterns based on factor scores and those

- based on physical boundary conditions-suggest that factor analysis may .

provide a. powerful means of quantifying and comparing enrichment/( -

depletion -processes as well as trends -in granitoid systems. This

‘

approach summarizes the inherent trends in the whole body of data under

Py

consideration and requires few assumptions and no bias. Comparison of

data between different granites may be facilitated by comparing trends
.- / . ’ . .
between apecified silica levels,  or between specified .levels of

“

differentiation as defined by various differentiation indices.

5-3-4 Discriminant Function Analysis
' LN
»

It became apparent from the .geochemical maps and from the-
petrographic features described in Chapter 3 that some revision of the

bo “M and geological units erected -hy Dickson (1983) is-required:i——

Unit 12 in particular is comprised of rocks which are characteristic, of

the surrounding plutonic bodies. In addition, it is a useful exercise to
test the internal geochemical consistency of the individual granitoid
- ‘ : -

bodies. Discriminant function analysis was applied to the problem of

classification in order to determine if the plutons and their boundaries

could be consistently defined. o

-

v . The discriminant functio’hg were calculated wusing all the
geochemicpl.variablea for seven specified 'training sets' of samples
which ‘were éonsidered to unambiguously représént individual granitoid

" bodies. ‘Thgse training géts are illustrated by the small symbols- in

Figure 40. The Kepenkeck and Sage Pond granites were considered to be

N/ 'Y
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well defined ‘andg.not in ‘' need of revigion and were -omitAtgd from the
analysis. Samples from problematical areas whlch were not mcluded in
the training sets wege subseq{ently ass1gned to one or other of the

training sets using the calculated d19cr1m1nant functions, These

assigned gamples are shown by the larger symbols in Figure 40.

The method of analygis used was difect, whereby all the variables

» - ’ >
were entered simultaneously and required no assumptionsg. Stepwise

methods were also tried and gave‘similar results, as did other functions
which were calculated using all of the units recognized by Dickson

‘

(1983),

Six discrfminant functions were calculated using the seven training
sets. -The oxide and element correlations with each of the six functions
a*presented in Table 10, a‘lovng with the ‘percentage of Pthe variance
described by each fuﬂction. A "territorial map" of the data based on the
first two functions (which account for 58.31% of the variance) is
. presented in FigAu>te 41 and shows a clear separation between the
-so;:theastern granites (Tolt, Meta», Hungry Grove :and Rencontre Lake) and
tlie Koskaecodde, Mollyguajéck and Mount ‘Sylvester plutons. The group
;:entroida also show this clu;ter effect (Table 11).

-

The results of the internal classification of samples in the

¥
discriminant funection analysis are shown in Table 12, Overall, 85% of
the training sets were claasified back into the correct units. Most of

the mis-classification occurred within the two major territorial

associations described above and results from ,he gross internal
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Table 10: Rotated correlations between discriminating variables
' and canonical discriminant functions (Variables ordered by
size of correlation within function).

Function ! Finction 2 Function 3 Function 4 Funetion S Function, 6.

0.51824*%. -0.03917 -0.03304 -0.07743 -0.05262 0.16192
0.49084*% '-0,04580 0.02587 0.00460 -0.05427 -0.05599
0.42843* 0.01392 =-0.12575 0.06801 -0.20245 0.19982"°
0.41480* -0.05157 0.01605 0.18570 -0.1132] 0.1119%6
0.39211* -0.02741 =-0.05002 -0.03044 -0.13076  -0.03265
-0.37449*% -0.08977 0.12462 -0.06590 0.04821 -0.12918
0.37087* -0.01420 0.01553 0.04169 0.16449  -0.04525
v 0.36707* 0.02143 0.08980 . 0.00793 0.01625 0.16899
0.29611* 0.09165 -0.18251 =-0.00342 0.03986 0.05699
Zn 0.26549* ~0.05414 -0.01679 0.13970 0.16425 -0.07115
0.22327* 0.02224 0.01794" -0.07872 0.00498 .. 0.04383
Ba 0.17046% 0.12874 -0.13376 -0.06073 -0.07402 ~0.03329
Sr 0.02409 0.30851* -0.08352 -0.03015 0.07783  -0.03264
Rb ~0.07388 0.00605 0.59497*% 0.04871 . 0Q.01699 0.07468
Th 0.00350 -0.12384 0.53878* 0,03673 0.05894 0.02648
U 0.00699 -0.13126 0.47144% 0,16621 0.18707 0.07939
Nb -0.06857 -0.11302 0.45563*%  0.27219 0.11593 -0.,01744
F ~0.00491 0.03522 0.44260% .0.06730 -0.12346 -0.01614
Li ~0.06797 °  0.35476 0.41885% 0.06111 0.08364 . -0.01492 .
Yy ° 0.00275 -0.07938 0.30764 0.54710* -0,02988 --0.13963
 Ga -0.04059 0.14992 0,26597 0.39427*% 0.,18111 0.12020
Zr 0.10242 -0.09379° 6{09690 0.13257* -0.03349 0.03646
Na,0  -0,22809 -0.02252 -0.05830 ‘0.06695 0.46493* -0.10987
K,0 0.01742  -0.11879 -0.06627 -0.00666 -0.28855*%  0.00644
Pb 0.12837 0.06314 0.16210 -0.07633 0.21730*  0.14572
Cr 0.22189 -0.12652 0.09373 -0.01109 -0.07573 0.364]13%

4
variance 37.6
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Canonical discriminant functions evaluated at Group Means

(Group Centroids). Func = Function. Group 9 - Koskaecodde; .
Group 10 ~ Mollyguajeck; Group 11 - Kepenkeck; Group 13 -
Meta; Group .14 - Hungry Grove; Group 15 - Tolt; Group 17 ~

Fanct 2
1.29139
2.31562
2.99447
0.27510
“0.48562

-0.85294

Table 11:
KXepenkeck.

Group Funct 1

9 4.37920

10 3.25867

11 2.03595

13 -0.55464

14 =-1.026L1

15 -0.89124

17 " -1.07294

-1.61792

Funct 3
~0.10590
-1.00749
-0.95448
~0.72844

l.;3969

-1.36368

~0.41710

Funct 4’

-1.05734

-1.02819

-1.24330

0.17191
0.04848
~-1.62775

1.58868

Funct 5

-0.

!

93475

.92392

.33954

.24899

.10329

43425

~ 46462

Funct 6
-0.02611
_2:20079‘
~0.13210
-0.47110
-0.15880
<0.19917

~0.08438




&
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Table 12: €lassification results. for .cases 3elected for use in the analysxs -

group numbers as in Table 10,

-

) No. of . . Group Membership
Actual. Group Cases B 11 13 14

“Group 9 , 18 - — L 0
s 5.6 . 0.0%

Group 10 . _ ' . 0
‘ 0.0%

Group 41 - . 0

Group 13
Gréup 14
Group 15
Group 17

:Percent of "Grouped" Cases Correctly Classified: 85.33%

‘

Ungrouped Cases 62 8 6 7
12.9% 9.7% 11.3%
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similarities in these two fields.

is minor. ~ : . .

- . . L 3
. N . . S ! [ -
, There is a.clear distinction, between the Rencontre Lake Granite and
3 .
the other 'southeast granites, since only 4 _samples were misclassified.
- - N [ 2

The major differences between the Rencontre Lake Graﬁ{tg and the 'Hung‘ry

Grove Granite are in function 4 (Table 11) which is dominated by Y, Ga

and Zr. There “is also a heavier loading for.. function 5 which 1is

2

dominated by Naj0 and Kp0 and a relatiiely smaller influence from

function. 3 (incompatible element-dominated) in the Réncont re . Lake

»

“Granite., !
. w0

' - cps b § ' . ) :
The results of the classification of the unassigned samples is

.

shown in Figure 40. The southeastern >p.a4rt of unit 12 of Dickson (1%83)

-

* has bgen reassigned to the Hungry Grove Granite and the northwestern
half has béen‘ rea;signed to the Koskéecodde and Mdl}yguia.jeck'pluf‘ons.
The functions for these two plutons 7are véfy. similar (Table 10).-Thus
the rocks formerly described as the northwest pal;f of unit 12 are

regarded as part of the Kosgkaecodde Pluton. The r'::classificatio” of unit
. 4

12 using discriminant function analysis is dfonsidered to be a Detter

. Q .

method than the arbitrary definition of boundaries using element

Y

contours or-isolated petrographic.criteria.

$ix samples from the southern part of unit 11A (Dickson, 1983) were

s

classified with the Hungry Grove Granite and one sample was clasaified
” g . -

with the Tolt Granite. This suggests that unit 11A is composite, ‘with

f
I3

the northern part Pelated tt; the Koakaecodde-Mollyguajeck pl(xtons and

. | v { i K
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the southern part asgsociated with the southeastern granites of the
Ackley Granite Suite, The author considers that further work is required
to substant‘iate this possl.blhty and therefore unit IIA (D].ckson, 1983)

was mmply renamed the Mount Sylvester Granite. L

Most of the samples located between the training sets for the

Hungry Grove Granite and the Toltzcranx.te (Fig. 40) were assigned to the
Hungry Grove Granite (three samples were assigned to the Meta Granite).

The geochemica'l signature ascribed to the Hunéry Grove Granite :aerefore
crosses the textural boundary between the porphyritic Tolt Granite and
the equigranular Hungry Grove Granite. The functions for the two
training sets are similar (Table 11), with the exception of function 3
which is dominated by the elements F, Li, Rb, Th and U (Table 9). Thus
the dlscrunlnant function analysis also supports the argument that the
boundaries within the southeastern part of the Ackley GrenitelSuite are
gradational. The boundary between th'g Hungry Grove and Tolt Granites as

defined by Dickson (1983) for units 13 and 14 has been retained since it

is baded on textural differences observed in the field.

5-4 VARIATION DIAGRAMS

s

5-4-1 Introduction

Bivariate plots, identifying individual units of all the major
- oxides and trace elemeats plotted against the ‘Thornton-Tuttle
Differentiation Index (TTDE; Thornton and Tuttle 1960), were presented

by Dickeon (1983). Covariance of elements is summarized in the

correlation tables presented in Appendix E and is briefly discussed in

.\
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Section 5-3. Selected diagrams to illustrate. previously unrecognized

features of the data are presented-below,
5-4—2 Harker Diagrams

Plots of total alkalis against Si0y are presented in Figure 42, 1In
the data from the Koskaecoddeland Mollyguajeck phvltons, there is no
significant correlation between total alkalis and silica. Thim contrasts
w;th the data from the higf\er-silica, Rencontre Lake, Meta and Tolt
ggnites, where there is a4 strong to moderate negative correlation of
alkalis with Si0,. The~c1ust7er of data from the Hungry Grove amd Sage

Pond granites does not show convincing trends.

The variations of KZO and Naj0 v;'ith increasing Siny inw selected
parts &f the study area are illustrated in Figure 43. The Koskaecodde
and Mollyguajeck plutons have a strong positive correlatiof of K70 with
$i07 and no correlation is evident for Naj0 and Si0;. The Rencontre Lake
Granite has a strong negative correlation of both alkalis with $i0p and
a weak negative aBsociation is evident from the Meta and Tolt granites.
As with the plot of total alkalis, the Hungry Grove and Sage Pond
Granites do not show any clear trends. The trenda observed in the
Koskaecodde and Mollyguajeck plquns could be ascribed to plagioclase
fractionation, while those in the Rencontre Lake, Meta ;nnd_"rolt granites
 may be interpreted to result from K-feldspar fractionation, but where
does; the K-feldn;ar go? Alternatively, the'trends of the alkalis in the

latter granites may be simply derived by Si05 dilution in the upper part
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of the magma chamber. However, the variations in eoncentrations of the

other major oxides indicate that processes ofher than simple dilution

were taking glace. The lack of trends in the alkalis in the Hungry Grove"

and Sage Pond granites may be partly due to the restricted range of Si0,
observed over much of the area and an inherent geochemical variation
over the large area sampled.

Figure 44 shows that for the whole study area and also for the data
L4

from the Hungry Grove, Rencontre Lake and Sage Pond granites, there is
greater variability and higher conc;ntrati‘ons of Rb at above 74% SiOj.
Similar patterns are pregent at af:ove 74% Si07 for the elements Be, Ga,
Y, Nb,. Th and ). A trend to lower valups‘is evident\ at above 74 SiO» in
Sr and Ba (e.g. Fig. 45). Flunrine shows a trend to enrichment in the
Hungry Grove and Sage Pond granites and a trend to depletion .in the
Renconl;re'Lake Granite at above 74% $i05. The differences in element
concentrations above and below 741 510, sugpest that the same process
c;use‘d- the extreme Sr and Ba deple;ion as caused the LIL enrichment and
also led to mineratization associated with the high-silica rocks.

. -

Although 74% Si07 seems to be a critical value separating
specialized (LIL ;nric‘hed) from unspecialized rocks in the Ackley
Granite Suite, there is no a prigri reason why this shmnl‘d be 8o, _For

example, Tischendorf (1977) suggests a value of 72% Si0y as a critical

minimum value for tin-specialized granites.










5-5 GEOCHEMISTRY IN MINERALIZED AREAS

5-5-1 Sage Pond Area

5-5-1-1 The Sage Pond Granite: The locations of 21 aamples analyzed from

the Sage Pond Granite are shown on Figure 46 and analytical reaults are
listed in Appendix D-2. Six of the samples are of relatively frenh'
granite between greisen veins and were obtained from drill core at the
Esgo drill site. Thesf& data are summarized in Table 13 and compared to
the mean of 8 previous analyses from the same granite (Dickson, 1983;
unit 14B). Values obtained for the two sample sets are remarkahly
similar, indicating that the data are reproducible, Petrochemical
features are similar to those described by Dickson (1983), with agpaitic

indices ranging from 0.89 to 0.96.

Background radiocactivity in the granite increases towards the
souther}l contact and is highest in the vicinity of the Anesty greisen
where scintillometer counts are 1.5 to Zﬂ.‘tin:e.q those observed in the
north of the study area. Anomalous radioactivit& up teo S5 times
background was noted in -lc;cal patches (maximum 5 m diameter) in soil in
the Anesty area,. and probably reflect surficial concentration of uranium
lenc‘hod from the granite. Greisen has a radioactive response comparahle
to or lower than the host:. granite,

-
The map distribution of elements €rom both the samplea analyzed

during this work and samples analyzed by Dickaon (1983) are illustrated

in Figures 47 and 48. The regional depletion trenda of MgH, Ca0, Sr, Ba
i .

- ,
and possibly Pb continue and become more extreme towards the main
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Table 13: Summary of geochemical data, from the Sage Pond Granite,
FINE GD GRANITE' JT-83-175 JT-83-180 UNIT 14A .
TUFFISITE VEIN MARGIN DICKSON 1683
" ALT. GRAN

_ N =72] m= ] N =1 N =8

x s
Oxide wt . X
5107 76.5 1.1 81.0 76.5 76.9
Al)04 12.0 0.4 9.1 11.6 12.0
Fe,01 0.45 0.37 0.08 1.72(TOT) 0.30
FeO 0.46 0.29 0.38 - 0.62
MgO 0.46 0.03 0.05 0.08 0.11
Cu0 0.30 0.18 0.10 0.47 0.32
Na,0 3.52 0.37 2,61 2.33 3.51
K,0 4.93 0.59 3.94 4.97 4.99
TiO, 0.17 0.03 0.16 0.18 0.11
MnO N.03 0.01 0.0% 0.02 0.03

® Pq05 0.02 0.01 0.01 0.01 0.01 ,
LOI 0.78 0.19 0.68 1.56 0.77
“OTAL 99.2 - 0.7 98.1 99.4 99.7
Element g/t
Li 87 44 52 171 87
Be 12 9 2 49 8
F 2491 1507 2263 4648 21k2
v 5 2 - 5 5
Cr -2 0 1 24 TS
Ni - - 3 1 -
Cu - - 13 22 : 2
Zn ' 20 8 20 43 12
Ga 21 2 - 16 21
Rb 572 150 5 569 560
Sr 7 4 1 8 ’ 11
Y 80 31 - 58 99
Zr . 152 14 - 126 154
Nb 79 16 - 58 76
Mo - - - - S
Ag 0 0 1 0 -
Ba 29 25 3 69 . 57
La . 44 17% - 63
Ce 176 63 - 175
Pb 19 10 15 31 35
-Th 71 15 49 67 66
U 11 5 5 - 1S
\.







Rb {ppm)

418

541

Ba (ppm)
v 74

Figure 48: Map distribution of Li, F, Rb, Nb, Ba and Pb in the Sage Pond
area. Dots - sample location.

i
5
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greisen outcrops. Notable enrichment trends in Rb and F highlight the

areas of known minera\}zation. Nb and Li are also enriched close to the

greisen. Sodium has- slightly higher values around the Anesty greisen,

s
{

Other elements do not show clear contourable trends and are not

presented in plan form.

~

These features demonstrate that the chemical enrichment/depletion
notedrby Dickson 6{2?3) and Davenport et al. (1984) and described in
detail above, focus 4direct1y ‘;n areas of known tin-tungsten
mineralization. These trends are a form of cryptic chemical variagion

which must be related to the mineralization progess. ‘

5-5-1-2 Greisen: Geochemical analyses of 23 samples from greisen veins
are summarized in Table 14. Dickson (1983) and McConAell (1984) have
reported 19 of‘these analyses and 4 samples were analyzed‘b} t‘g author
(Appendix D-i). Four sets of averages of data are presented in Table 14,
these are: 1) from the Esso greisen, 2) from the Anesty greisen, 3) from
'other' greisen where mineralization is not indicated and 4) from
muscovite-rich greisen.
N

Enrichment/depletion of elements in the greisen relative touthe

mean of the 21 freah sampYes o% Sage Pond Granite are shown in Figure

49, Most samples consist predominantly of Si07 and Al703 with minor Ca0
) ’

and F reflecEing the quartz-topaz-fluorite-kaolinite mineralogy. Samples

with K0 contain sericite. Samples from the greisen veins drilled by

Ess0 and from the Anesty outcrop, are higher in iron (due to the

presence of pyrite) than samples which are not associated with

R




£
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r!.
, Table 14: mmary of geochemical analyses of greisen'in the Sage Pond
’ anite. ’ o
Esso Anesty Other Muscovite
N=6 _ | N=3 N=11 N=-3
¢ x s ) X s x 8 x 8
Oxide (wt.%)* . . ‘ . g
$i0, 82.4 5.2 82.8 7.0 83.3 3.6 "80.0 © 4.3
Al204 11.43 3.05 8.96 4.b4 12.06 3.21  10.42 1.51
Fe903 1.77 1.713 2.37 1.88 0.41 0.49 2.10 .
Feo 0.11 0.14 1.70 1.83 0.20 0.16. . .
MgG . 0.05 0.06 0.03 0.01 0.04 0.04 0.16 0.07
Ca0 0.38 0.5 0.88 1.40 0.89 1.18, 0.86 0.75
Na,0 0.02 0.01 0.03 0.03 0.0% 0.0t 0.20 0.20
K0 - 0.33 0.30 0.19 0.15 0.28 0.19 3.16 0.60
‘ Ting; ~  0.14 0.05 0.17 0.10 0.16 0.07 0.15% 0.08
: MnO. - 0.02 0.01 0.02 0.0 0.02 0.01 0.25 0.17
| P905 0.03 0.02 0.02 0.0l 0.0l 0.0 0.0l 0.01
LOT 1.84  1.60 2.96 s 1.21 1.27 0.70 2.28 0.95
TOTAL 98.6 1.5 99,5 1.0 98.7 0.7 99.8 0.8
Flement (g/t)
F 20063 9124 10224 3566 13657 4715 9970 11085
Li 13 10 5 2 32 28 106 35
Re 1 0% 1 0% b 10 28 37
Y ' 4 1 A | 5 2 5 |
Ni 2 1 1 0% 1 O* )
Cu 11 6 7 4 10 5 15 7
Zn 14 4 15 8 10 4 64 27
Ga 3 5 4 0% 3 v* 16 O*
Rb 37 28 23 19 52 34 629 286
Sr 2 2 5 b 4 3 6 3
Y 21 1 2% 42 - 36 3x 76
Zr 145 26% - - 13 . 0% 166%
Nb 9] 61 80 - . 71 13 95
Mo 113 98+ 190 232 59 65% 28 24K
Sn 1440 2976 513 588 23 30 . 359 415
W7 . 658 Il19% 5 % 6 5 10 4w
Ag 0: 0 . 7 0 0 0 0 0
Ba 7 11 26+ 9 30 27 37 46
Pb 15 16 B 6 12 22 13 9
, U 3 0 5 0 ) 1 - -
Th 27 34 11 0 10 7 - -

* Incomplete data aet

-
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¢
mineralization. The samples from the Anesty greisen do .not contain
significant tungsten, which prébably- reflects the erratic distribution
of fine grained wolframite in the outcrop. Fluorine enrichment is
' , (Y
strongest in the tin bearing greisens. The data do not RUBgESt any

significant differences in the processes which formed the different

quartz-topaz greisen. .

5-5-2 Rencontre Lake Area

. .

Geochemical data presented by Whalen (1976, 1980, 1983) were

obtained from an area of approximately 10 km? around the molybdenite
PR '

prosg;ects in the Rencontre Lake Granite (Fig. 314) and averages of

Whalen's data are presented in Figures 29 and 30 and in Table 8. These

q ~

data show strong chemical gradients which culminate at molybdenite-

mineralized areas (Fig. 50).
o

Allowing for the fact that the regional samples from the Rencontre

Lake Granite represent an area of 190 km2 and Whalen's results are from

a small area with steep chemical gradienfs, there is good agreement in

the data sets, with the exception of Y. Analysis of samples from
approximately the same locality which belong to the separate data sets
also demonstrates good agreement.

A3

5-5-3 Belle Bay Formation o

4

A suninaxy of analyses of representarive rocks from _ the

predominantly voléanic Belle Bay Formation is presented in Table 15,
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Table 15: Summary of geochemical data from the Belle Bay Formation
in the Sage Pond area, and comparison to data from the
Rencontre Lake area (Whalen, 1976),

MAFIC ROCKS RHYOLITE PELDSPAR ~ TUFF RHYOLITES
. PORPHYRY (WHALEN 1976)
N=j3 N =4 N=1 N =13 N = 44
x s x s x s x s

Oxide (wt.X)

Si0, 45.9 2.5 79.0 0.9 70.1 69.9 2.4 76.0 2.2
Al,03 13,65 1.32 tl1.12 1.02 14.3 14.48  1.43 11,76 1.39
Fe504 4.97 1.61 0.84 0.24 2.3 2.31  0.98 2,12 1.05
FeO 7.49 0.96 0.56 0.10 1.16 0.81 0.39 0.58  0.36
MgO 7.52 2.21 0.15 0.09 0.78 0.72 0.42 0.08 0.07
Ca0 2.67  1.42  1.29 1.47 1.75 1.71 0.78 0.14 0.21
Na,0 2.83 0.97. 1.56 0.82 5.4l 4.10  0.86 3.64  1.13
K90 1.16 0.58 4.14 0.97 2.18 3.41  1.18 4.55  0.92
Tio, 2,19 0.68 0.17 0.02 0.47 0.54 0.17 -~ 0,22 0.08
MnO 0.26 0.05 0.04 0.02 0.10 0.08 0.02 0.06 0.04
P05 0.42 0.10 0.02 0.01 0.13 0.10 0.06
LOI 1.41 0.29 1.00 0.47 0.95 1.34  0.47 0.59 0.42
TOTAL 99.0 0.7 98.8 0.4 99,7 99.5 0.5 99,7

»
Element (g/t)
Li 45 18 239 19 ° 15 24 19 .
Be 3 1 4 2 2 3 1
F, 1298 382 461 263 225 393 210 ’
" 345 79 8 6 30 35 15
Zn 115 35 31 16 68 YA 21 112 105
Ga 21 5 19 5 15 17 4
Rb 142 69 171 73 52 122 40 174 48
Sr 331 8l 79 69 210 207 97 24 40
Y 45 21 . 66 23 47 56 28 145 . 45
Zr 166 82 335 160 215 314137 945 334
Nb 10 1 29 11 12 18 8 50 <25
Mo - - 8 0 -
Ag 0 0 "0 0 0 0 -0
.Ba 68 92 160 164 536 833 346 . 191 218
Pb 1 0 50 65 5 25 38 41 29
Th 7 2 24 7 7 15 3
U - - 4 2 - 3 0
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along with data presented by Whalen (1976) from the Rencontre Lake area.

~

The volcanic rocks from the Sage. Pond area have considerably higher
vuluea. for Ba, Sr, Zn and Zr Bl.ld have significantly lower values for the
incompatible elements Li, Be, F, Rb, Nb, Th and U than the Sage Pond
Granite and the Ackley Granite Suite.. No areal chemical trends wdre

observed in the volcanic rocks in relationship to the contact of the

Sage Pond Granite,

The observed chemical features in the ‘country rock and adjacent

Ackley Granite Suite do not indicate any contamination of the Ackley

>

magma. chamber by the country rocks either through bulk assimilation or

element exchange. Comparable conclusions were reached by . Whelan (1976,
1983) for the rocks .in the Rencontre Lake area,
] . ’ ' -

~

5-5-4 Comparison between the Sage Pond and Rencontre Lake Areas
The chemical patterns in the Rencontre Lake Granite are similar to

trends in the Sage Pond area. However, there are some differenc_es.

3

The entichment trends of the LIL elements recognized in the Hungry
CGrove gnd -Sa‘ge Pond granite-s are areally mach more extensive than those
in the Rencontre Lake Granite and can be recognized up to 15 km from the
mineralized area (Figs. 3’4,‘,35,* 36). Those in the Rencontre Lake area
occur within 2-3 km¢df the contact and are not detectéi:le for most

elements on a regional scale. On a local scale, enrichment is less

extreme in -the Rencontre Lake area. For example, values of Rb in

proximity to mineralization in the Rencontre Lake area range from 332 to
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450 ppm while those in the Sage Pond area range from 500 to 800 ppm.
Both mineralized areas e‘xhibit Ba and Sr depletion, but the depletion is
extreme in the Sage ‘Pond area. There 1s also a trend to lowyvaluen
(10-30 ppm) in the Rencontre Lake area comparedl to average values of RO
ppm in the Sage Pond area,

5-6 INTERPRETATION OF GEOCHEMICAL- DATA

Three distinct geochemical suites have been defined. These are: 1)
The Mollyguajeck and Koskaecodde plutons with relatively lower Si0; and
LIL elemepts and higher Ca-Femic oxides, 2) The Kepenkeck Granite with
higher Al1703 and Sr concentrations, and 3) The southern Ackley Cranite
Suite with relatively high Si07 and LIL concentrations. The southern
Aékley Grar;ite Suite exhibits remarkably similar geochemical signatures
over an area of approximately 2100 kmZ and was intruded%ﬁi‘oss\the trace

of the Dover-Hermitage Bay Fault zone.

Regional trends in enrichment and depletion bf‘ elements culminate
at the Sn-mineralized greisen in the éage Pond G;ranite ana at the Mo
prospects i;x the Rencontre Lake Granite. These trends are best developed
in the Hungry Grove-Sage. Pond grlanitesA. However, in both areas, the
steepest geoche_mical gfsdienth are developed at the margin of the
granite.around mineralization. These signatures are interpreted to

reflect large, magmatic, geochemical systems involved in the ‘primary

ore-forming process.




.

- 199 -

-

.The Rencontre Lake Granite when compared to the Hungry Grove-Sage
[ . .
Pond Granite exhibits comparable major element geochemistry but more
erratic LIL concentrations. Ip addition, LIL enrichment trends and

trends to low values in Sr and Ba are less extreme. Thus significant

differences in trace element signatures of the granites hosting

- mineralization are present and may be related to the processes of

mineralization.

LS

5-7 GEOCHEMISTRY OF OTHER HIGH-SILICA SYSTEMS

Pub‘lished geoct;emical an;llyses from selected, mineralized granites
and high-silica‘ volcanic and subvolcanic rocks are prese}iteci’ in Table
16. In addition, the means for specialized granites (Tischendorf, 1977)
and for granitic rocks associated with mineralization in the South
Mountain Batholith of Nova Scotia (Chatterjee et al., 1983) are plotted
in Figures 29 and 30.

LN

-
The important features of the chemistry of the mineralized granite

systems are the high-silica- contept,‘relatively high sodium and
potassium values, low values for Ca-Femic o‘xidea', Ba, Sr and K/Rb and
high values for incompatible trace elements: The most important variable
is A‘.1203 wvhich is highest in peraluminods, muscovite-ﬁch, tin- and

tungsten-bearing, S-type gradites.
-

The southeastern Ackley Granite Suite shows almost identical major

and trace element values to relatively unaltered granites associated

with the major Climax~type ore deposits which are increasingly -
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Table 16: Averages of published geochemical analyses from selected

high~silica systems,

Quartz Hilll - A
Climax-type Mumball

X 8

Oxide (wt,X)

SiOz
Al,03
F8203
FeO
Mg0
Ca0
Nao0
K20
TiOz
MnO
P205

7
1

73.8

13.30
0.84
0.62
0.30
0.85
3.45
4.67
0.21
0.05
0.05

COO0OWVWwWMNR SV

OO0 OO =
WRNRNDNDNOORNWUV =

' Element (g/t)

L1
Be
F

\'2

Cu
Zn
Ga

! Hudson et al., 1981

—d

2 colline et al., 1982
Chatterjee et al., 1983, SMB -

——2

Type? 'I' Typel
a Batholith (Bega)

X X

2 )

1.79
0.36
0.85
0.04
0.39
3.08
5.00
0.13
0.03

0.02

SMB (sn)3

X

South Mountain Batholith.
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Table 16: (Cont.d)

P Erzgebitgel 's’ Type5 'S' Typeb
most evolved phase Koskiusko Batholith Cornubian Batholith
. X x s x s

Oxide (wt.?)
2xpce lwt.4l

sio, 74.5 73.9 1.4 71.44 47
Alg0y - 13.03 .57 14.98 .55
Pe,03 0.36 . 0.29 1.06 .37
FeO 1.28 1.05 .85 .35
MgO 0.13 __ .55 .35 4 .02
ca0 0.40 1.49 .48 .73 .08
Na20 3.5 2.62 0.12 - - 2.72 .21
K20 4.6 4,25 37 5.46 .19
Ti0y 0.06 .24 0.07 .24 .04
. MnO .04 ..02 .04 .01
' P, 05 .11 .02 .24 .02

Element (g/t)

Li 600 ' 95 27
, Be 11 :
F 7000
v 2
Cu 5 3 .
Zn 36 16
. Ga 32 )

v . . Rb-C 1200 214 39 465 190
Sr 92 37 86 21
Y 31 3
Zr 116 41 86 18
Nb V4
Sn 35 . .
Ba T 343 146
Pb
Th 15 4 21 3 ~
U 3 I
N= 5 . 5 ~—

4 Tischendorf, 1977
Hines et al., 1978 -
Alderton et al., 1980




D

Table 16: (Cont.d)

: " 'Peralkaline'’ Bishop Tuffd Tin Bearing? .
‘\yj) Granite E L Rhyolites _ '
x x 3 x s
Oxide (wt.Z)
$i04 74.4 74.4 75.5 76.2 0.9 (13).
Al204 11.7 12.3 13.0 13.00 0.40
Fep013 1.8 1.41 0.28
FeO 1.6 0.7 1.1 0.16 0.24
MgO 0.1 0.01 © 0,25 0.11 0.08
Ca0 0.6 0.45 0.95 46 0.25
Na 0 4.2 3.9 3.35 3.29 0.46
K40 S.1 y 4.8 5.55 5.16 0.45
TiOg 0.4 ‘ 0.07 0.21 0.12 0.07
MnO . D.04 0.02 0.03 0.01
P,0s5 0.1 0.01 0.06 0.01 0.02
Element (g/t)
Li - 2590 (2 samples)
Be .
F 789
v
Cu .
Zn 141 38 . 40
Ga & .
Rb 255 190 95 545 216 (11)
Sr 20 40 110 27 32
Y 95 25 12
2r . 715 85 140 181 137
M 65 725 25 )
Sn , .
Ba 154 10 465 9—=%73+(10)
Pb '
Th 23 21 13 48 13
U 7 3 15 5
N = 37 ' 1 1 15
7 Hill and Thomas, -1983 \
8 Hildreth, 1979. E - Early erupted tuff; L - late erupted tuff,
Huspeni et al., 1984. Bracketed numbers are number of analyses. ~




- 203 -

re;ognized as A-Type granites (Mutgchler et al., 1981; Taylor et al.,
1985; Stein and Hapnah, 1985). Peralkaline granites, which have still
lower alumina values, have comparable to extreme LIL enrichment trends.
Allowing for the inherent variability 'in any data set and system
analyzed, there 1is a remarkable consistency in data between the

-

different 'types' of high-silica granites,

As noted by Strong (1980), Hildreth (1981) and Mutschler et al.
(1981) comparison of data from high-gilica ash-flows with those from
high-silica, mineralized, grgnite systems impiies A atrong genetic
association between magma chambers responsible for major ash-flows and
for significant mineral deposits. There is also a remarkable similarity
between data from the high-fluorine topaz-bearing rhyolites (Burt et
al., 1982; Huspeni et al.,1984), from the Ackley Granite Suite, and from
the A—pre mineralized granites in general. Included in the A-type suite

.

of granites are the Proterozoic rapakivi granites (Haapala, 1985).

There is a large scatter in the data from the studyvatea which
makesvdirect comparison of the granitic and volc&nié systems diffifulc.
Nevertheless, there is some donsistencyuih the data, and Figure 51 shows
that the TafTh values are similar to, and also higher than, the
tuffaceous systems described by * Hildreth (;981). The granitic
'tnvironment presumably ;nhanced the LIL enrichment trends due to

retention of volatiles in the magma, whereas the volcanic rocks may have

erupted prisr to onset of significant LIL enrichments (cf. Hildreth;

1981).
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Figure 51: Plot of Ta against Th for samples from the study area,
Symbols are described in Figure 17 or Figure 53. BT - Bishop
Tuff, HRT - Huckleberrg Ridge Tuff, LCT - Lava Creek Tuff, TT
= Tala Tuff, P ~ Pantalleria Tuff (Hildreth, 1981).




" CHAPTER 6 - RARE EARTH ELEMENT GEOCHEMISTRY ‘ :

6-1 INTRODUCTION

The objectives of this Chapter are to summarize the distribution of

Ny

the rare earth elements (REE) in the study area and to discuss the
significance of these variations. Modelling of the REE data in terms of
crystal fractionation haas been done by Whalen s(1983) and wad not
repeated during this ;tudy. Conceptual and philisophical.;roblems ghich
are discussed in Chaptér 10 (ie. non‘equilibrium due to extra degree of
freedom as result of density contraais) prevent realistic modelling. REé
-analyses are availagle for 41 samples (35 new analyses in Appendix” F,
and 6 from Whalen,‘ 1983). All of the avallable data are discussed
below. The REE analyses obtained by Whalen are indicated by W on the
diagrama and are similar to those presented here for samples from the

same general area, a feature which promotes confidence in the data,

.

Results and conclusions from the investigation of specific topics

(ie. regional variations, molybdenum-mineralized area, and tin-

mineralized area) are presented geparately, A detailed discusgion

. \ . .
section at the end of the chapter draws conclusions from comparisons

»

between the different study areas.

The distribution of samples from the regional surveys for which REE
analyses are available is shown in Figure 52, All of the REE patterns in

the following diagrams were normalized using the chondritic values of

Taylor and Gorton (1977). ) - ,
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The relat.ive enrichment of REE lighter than europium (LREE) and REE
heavier than europium (HREE) within and between rock samples is

congidered to be an important index to the processes and controls over

the REE distribution (e.g. Hanson, 1978; Taylor and Fryer, 1983)).
"Values for-the more_ﬂabundant HREE, Gd and Dy were notv obtained by INAA
and values for Tb and Ho are too low to be :accurately Aetermined by the
thin-film XRF technique. ’.I'herefore, comparison of variation between
total LREE and total HREE is not possible. The plot of La (ppm) versus
Yb (ppm) shown in Figure 53 allows some comparison of the relative

N

enrichment and depletion of LREE and HREE within samples. The plot is
also an approximation of the'relative concentrations of» REES betwe:en
.anlalnyzed samples. The enrichment or depletion of Eu relative to the
trend of the other REE ‘in the normalized REE pattern describes the Eu
anomaly (Eu/Eu*), where:

Eu/Eu* = Actual Normalized Eu/Expec:ted Normalized Eu
Expect'ed normalized Fu is obtained by av‘eragiyng the normalized values

for Sm and Gd. By convention, the anomaly is positive if the ratio is )

1 and negative if the ratio is < 1.

6-2 REES IN THE KOSKAECODDE AND MOLLYGUAJECK PLUTONS '

6-2-1 Results

L J
' Chondrite norm‘alrized RFE patterns, frqm the Koskaecodde Pluton h.;:ve
a steep negative slope and a small but variableLEu -anomaly (Fig. 54).
Sample 701 is the least differentigted (60.32" Sioz) and has a slight
positive Eu -anomaly (Eu/Eu* = 1.12). Samples 697' {652 °Si0y) and 354

(69.31 $i07) have a weak negative Eu anomaly (E‘u/Eu* = 0.54 and 0,31

c
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Figure 53: Plot of La against Yb,
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respectively) and are slightly enriched in the heaviest REES compared to
sample 701. Sample 354 is also slightly enricheq in the 1light REES
compared to 701. Sample 523 (69.4 $i07) has Fu/FEu* = 0.45 and is
enriched in both LREE and HREE compared to 701.

The patterns for samples 61 (72.4% $i07) and 81 (69.3% Si0y) from
the Mollyguajeck Pluton have negative Eu anomalies of 0.53 and 0.75
respectively and are similar to the pattern for sample 697 from the
Koskaecodde Pluton (Fig. 54).

»

The low total REE content of the Koskaecodde and Hollygu;ajeck
' a _/

plutons, relative to the Ackley Granite Suite is illustrated in Figure——"

53. Sample 523 has highest REE and is significantly enriched in La and

§

Yb relative\to the other sampleé from the Koskaecodde Pluton.

6~2-2 Discussion
I 4
The REE patterns in the Mollyguajeck and Koskaecodde plutons are
similar. This supports the interpretation from petrographic, major and
trace element data that these two granodiorite-granite plutons have a

similar petrogenetic history. .
. ’ A
The changes in the REE patterns are not directly related to the
degree o€ differentiation as indicated by the silica content or bby the
Thornton-Tuttle Differentiation Index  (gee Di:.ckaon, 1983). This is
illustrated by the variability in total REE content compared to the §i0,

content of the samples. A Spearman rank correlation matrix of the 6

>




samples for which REE are available also shows ho significant
covariations with the REE and most major oxides, the exception being Eu
which has a negative covariation with Si07 and a strong posjtive

’

covariation with the Ca-Femic oxides €including P20.5 and TiO3). Gromet

and Silver (1983) have shown that in granodiorite, the bulk of the HRE‘ )

occur in sphene, and the LREE reside in apatite. Thus variations in
concentration and origin of these accessory minerals may account for the

observed variations in the Koskaecodde and Mollyguajeck plutons. Apatite

and sphene are generally euhedral indicating early ceystallization.

6~3 REES IN THE ACKLEY GRANITE SUITE
6-3-1 Results
) A

Sample 94 from the Kepenkeck Granite (Fig. 54) has the lowest total
REE con.centration (Fig 53) in an unﬁineralized granite analyzed Yfrom the
Ackley Granite Suite and has Eu/Eu* = 0.22. The two other samples (#SC;I
and #502) analyzed from the northwestern granitoids belong to the
southern part of the Mount Sylvester Granite and hgve REE patterns (Fig.
54) which are similar to thosé» from the Tolt and Hungry Grove granites
(Fig. 55). Samples 501 and 502 have negative Eu/Eu* = 0.46 and 0.28

ra’spectively. These two gamples have slightly higher Total ' REE content

2

(especially HREE; see Fig:. 53) than do the granodioritic plutons atd the

Kepenkeck Granite,
»
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N The Mata Grani‘te is represented by r.he‘ analysis of sample 187 (Fig.
55). T};is aar;lple has approximately median values for LREE, low values
for HREE and highest La/Yb ratios (Fig. 57) compaged to other granites
fr‘om the southea‘s‘.t. It also has moderate negative Eu/Eu* = 0.37.

*

REE patterns from the Tolt Granite (samples 462, 416, 377) and from
aampl‘e 468 from the Hu;;g_ry Grove Granite are similar, with moderate
negative Eu/Eu* varying from 0.24 to 0.40 (Fig. 55). Sample 664 from the
Hungry Grove Granite has a similar REE pattern but has a much latger
negative Eu anomaly (= 0.07). The'se samples, along with the samples from
the Mount Sylvester Granite, all exhibit z; moderate enrichm.ent in
heaviest REE and a higher total REE concentration relative to the
granodioritic plutons. Samplle 664 also t.las high LIL conc»entrations and
is included in the trace element enrichment trend which cul;ninates at
mineralization. Sample 707 has both elevated HREE, a large negative Eu/
anomaly (= 0.10) and is geoc-i'nemically specialized. Samples 332, 720 and
‘721~ from the Sage%Pond Granite have gimilar LREEr and elevated HREE,
compéred to the relatively unspecialized samples from Ythe Hungry Grove
and Tolt granites (Fig. 55). These samples also have a large n'egati.ve Eu
anomaly (0.14, 0.01, and 0.12 respectively) similar to sample 664 and
707. There is no systematic- variastion of REE betwée; the Sage Pond
Granite and the other granites with major elements. However, the samples
from the Sage Pond Gramite are all relatively enricher‘l in LIL elements
and depleted in Ba and Sr. Sample 720, “from the Sage Pond Granite, has
elevated values for MREE and HREE, highest value i'or Yb (Fig. 53) and

the largest negative Eu anomaly. This sample is partly sericitized and

kaolinized, with high K90 (7.17%) and AL;03 (15.5%), relatively -lou‘Si\Z

(71.5%) and highest concentrations of Rb, Y, Nb, Th and U.
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In *contrast to the Sn—minez;alized Sage Pond Granite, 'samples 156,
642 and 606 (Fig. 55), from the Mo-mineralized Rencontre Lake Granite
have smaller negative Eu anomalies (= 0.42, 0.27 and 0.34 respéctively),
similar ‘LREE, and slightly‘ lower HREE, when compared to the
unspecialized Tolt and Hungry Gr;‘ve granites. Sample 605 (see Fig, 50

for location) which has the lowest total REE and the smallest Eu anomaly

(= 0.60) is heavily chloritized.
6-3-2 Discussion

The low total REE content of sample 94 supports the whole-rock data
(A1203 and Sr in particular) which indicates that the Kepenkeck Granite
is petrogenetically distinct from the other granitoid rocks in the study

area,

The sgimilarity in REE patterns of samples 501 and 502 from the
Mount Sylvester Granite and patterns from the Tolt and Hungry Grove
granites supports the results of the discriminant function analysis
reported in Chapter 5. These results correlate the southern part of the
Mount Sylvester Granite with the Hungry Grove Granite. |

The covariation of the REE with respect to the other geochenmical
variables is presented in Appendix E-3. The HREE have neither negative
or positive covariations w;vith Zr and Ce and have negative covariations
with P05 and Ti0;. This suggests that crystallization of zircon,

allanite, apatite or sphene may not be the the cause of enrichment of

the REE and the other LIL elements. These features contrast sharply with
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the LREE (excluding Sm) which have weak covariations ( 0.5 at the 90%
level) with the o;her varisbles.and ‘do not exhibit significant inter-REE
covariations. Thus the controls over the distribution of the LREE are
different than ghose of the HREE; The ngk of covariations suggestsitha£
simple fractionation involying the main silicate phases in the granite
(all of which should create positive covariations of the REE) do not
control the REE distribution. The strong positive covariations between

"HREE and the LIL elements suggest ~,that all of these 'peralkaline'
elements are easeﬁtially incompatible with respect to the main crystal
phases in the granite.

.

In conclusion, the Koskaecodde and Mollyguajeck Plutons, the
S -~

Kepenkeck Granite and the rest of the Ackley Granite Suite exhibit
significantly 'différent REE  patterns which suggest different
.petrogepetic histories. In addition, there is a general trend to
elevated HREE concentrations with geochemically specialized rocks
-asgociated with the tin-tungsten mineralization in the Sage Pond Granite
and this trend is.emphasized by an abrupt drop in Eu cqﬂfent of the
granite, There are significant differences between ;he Rencontre Lake
and Sage Pond granites, with three patterns in the former compar;ble to

unspecialized granite from the Tolt and Hungry Grove granites and one

depleted in all REES.
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6-4 REES AT THE MOLYBDENITE PROSPECTS

6-4-1 Introduction

The REE pétterns from the molybdenite prospects (Figure 56) were
obtained from Athree sources. REE data for samples 6 and 98 were
published along’with whole rock geochemical analyses by Whalen (1983);
the other samples were analyzed at MUN. Powders for analysis from
samples 7, 14; and.iEO were taken fr;m the sample-ﬁowder library at MUN
(thssis samples of Whalen, 1976) and whole rock analyses and sample
dééctiﬁtions are listed in Whalen (1976). Powders from samples 1160 to
1163 were obEained from the A?alytical Laboratory at the Newfoundland
Debartment of Mines and Energy, and whole rock analyses and sample
dgsc;iptions have been publighed by Dickson (1983).

6-4-2 Results

The molybdenite prospects collectively have lower LREF,
concentrations and most samples have lower HREE concentrations than the
presumed parent Rencontre Lake Granite. The Eu anomalies are variable
with values ranging from 0.10 to 1.03 and there is a marked depletion in
the Middle REE (MREE), particularly in Gd and Er, with reference to the

, . CA™N
regional granite patterns.
At the Ackley City prospect, samples 6 and 98 are described as

aplite by Whalen (1983) and show comparable patterns to sample 605 from

the Rencontre Lake Granite. . These patterns are depleted relative to
~

samples 156, 642 and 604 from the Rencontre Lake Granite and to other
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samples from the southern Ackley Granite Suite., Samples 7 and 14 are
described as granite-pegmatite and show relative depletio& of TREE

(total REE) and loss of the Eu anomaly (= 0.87 and 1.03 respectively),

The samples from the Motu prospect (1162 and 1163) are fine grained
“-and contain minor rogettes of molybdenum. These samples are atrongly

depleted in MREE relative to the regional samﬁles from the Rencontre

Lake Granite and have Eu/Eu* = 0.89 and 0.47 respectively,

Sample 140 is a fine gfained granite near the pegmatite at Crow
Cliff. It has depleted LREE compared to the Rencqontre Lake Granite, more
normal HREE when compared to the Motu samples and a relatively largs -

flegative Eu/Eu* = 0.10.

Samples 1160 and 1161 from the Wyllie Hill prosp@ct consist of

slightly bleached fine—gra%ned granite with minor dissgmgnated
molybdenite and pyrite. These samples show physical evidence for
hydrothé;mal alteration, have a characteristic U-shaped REE pattern, the
same low negativé Eu anomaly (= 0.81), and exhibit the greatest smount

of depletion in HREE of the samples from the molybdenum prospects,

The samples from the Motu and Wyllie Hill prospects have very

high-silica contents, as also reported by Whalen (1976).
6-4-3 Discussion

In the samples from the molybdsnité prospects, where miaroltic and
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pegmaiite features are common, the U-shaped REE patferns are thought to
result from cryst;llization og the silicate phases in the presence of a
separate fluid phase (Hanson, 1928; Taylor and Fryer, 1983). Comparable
geneg}c histories are suggested for the four main molybdenité proépects
by the similarity in REE patterns and this supports Whalen's (1976,

=

1980, 1983) interpretations ﬁhat the diffgrent styles of mineralization
are pargfof a continuum of processes. Detailed examination of the REE
patterns from the prospects (Fig. 56) and éomparison of these ‘to the
patterns from the Rencontre Lake Granite (Fig. 55) suggest that three
stages of alteration can be recognized,

The first indications of alteration (Stage 1) are demonstrated by .
sampleé 98 and 120 which do not contain sulphide mineralization or
visible signs of.alteratipn. These are probably the least altered rocks
analyzed from the molybdenite prospects and exhibit a relative depletion
of LREE and a slight increase in the Eu anomaly (from 0.27 to 0.42 in
the parent Rencontre Lake Granite to 0.10 in sample 120). Stage 2 is
illustrated by samples 1162 and 1163ﬁfhich contain mindr molybdenite.
These show depletion in all REES and‘éiso a large decrease in the gize
of Eu/Eu* (from 0.1 to values of 0.47 and 0.89). Sample 6 may be from an
Intermediate stage with low\LREE and intermediate values for HREE and
Eu/Eu*. Stage 3, illustrated by the Wyllie Hill samples, is ' the
continued relative depletion.of total REES, while the characteristicr
U-ahape is maintained and Eu/EQ* changes from weakly negaﬁive to

slightly positive (samples 1160, 1161). This latter stage is accompanied-

by silicification and minor sericitization.

o3

<
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6-5 REES ASSOCIATED WITH QUARTZ-TOPAZ GREISEN

6-5-1 Imtroduction

~

REE patterns from greisens and from granite‘adjacent to greisen in
_ the Sagé Pond area .gre shown in Figure 56. Samples 13, 22, 24, 223 229
and 289 were collected by the author and samples 1151, 1153, 1165, 1170
and 1171 form part of the sample set analyzed by Dickson (1983). The
locations of the analyzed samples are shown in Figure 46,

6-5-2 Results

c

3

Sample 289 is a relatively fresh, fine grained grhnito, adjacent to
an .isolated quartz-topaz greisen vein on surface. It thas REE

concentrations similar to those of the Sage’ Pond Granite and trace

element-enriched portions of the Hungry Grove Granite (Fig. 55), Samples

‘

,13, 22 and 24 were collected from Esso drill core. Sample 24 is a fregh
fine—grained, miarolitic éranite, located 1 m from a'2 m wide quartz-
topaz greisen vein within a‘ swarm of greisen veins (Plate 31); Tﬂis
sample exhibits depletion of all RéE, a U-ghape and a relative decrease
in the Eu apoéal? (from 0.1 to 0.39)., Sample 22 is a seficite—rich
greisen‘marginal to one of the quartz-tdpaz veins '(see Plate 22) and has-
a pat'tern similar to 24 with lower .RRE concentrations. Sample 13 is a

’quartz-topaz greisen and exhibits extreme depletion in all REES and

"Eu/Eu* = 0.2,

- REE patterns from various samples of quartz-topaz grelsen are alro

presented in Flgure 56 All of the samples are charaCCer1zed by lower
4
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HRER and a sr‘naller Eu anomaly than samples from the Sage Pond Granite.

-No sy;tematic correlation has been observed between REE and. major oxide
or trace Lele,rnent concentrations (including F). The‘ samples from tﬁe
larger Esso (#13) and Anesty (#229 and 1165) greisen bodies show the
greatest depletion of total REE in the' analyzed quartz—topaz greis.en

AnlthOugh there is no apparent direct relationship between the REE

concentrations and the Sn and W concentrations of the analyzed samples.,

$5-3 Discussion

The features noted abové indicate thaliﬁt-he loss of REES ffom the

host granite is spatially (<5 m) restricted to the areas of abundant

4

greisenizatiovn or fluid -activity. The intermediate stage of the
alteration process is reflected by samplea 22 and 24 and results in a

U-shaped REE pattern.
. - Vg

N .

The association between total REE depletion and quartz-topaz

greisen which contains significant concentrations of Sn has also been

noted at the East Kemptville tin deposit in Nova Scotia by Chatterjee'

and Strong (1983). 4

6-6 SUMMARY AND DISCUSSION OF REE BEHAVIOR
6-6-1 Magmatic Signatures
The observed REE patterns (Fig. 57) are characteristic of those in

v}\any high-silica granitic systems (Fig. 58). A straight negative slope

vith a weak to moderate negative Eu anomaly is characteristic of many of
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Figure 58: Comparison of REE patterns of selected high-silica systems to
those from the Hungry Grove Granite. Stippled area = Hungry
Grove Granite. M and G are averages of the Mumballo and Gabo
. 'A-type' granives (Collins et al., 1982), C is average of S
samples from the Cornubian Granites (Alderton et al., 1980).
BT-E and BT-L are early and late Bishop Tuff (Hildreth,

1979), e
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the S~ and I-type systems as shown by the Cornubian Granites (Aldertop

et al., (1980), South Mountain Batholith (Muecke and Clarke, 1981) and

.

by the calc-alkaline granitoid rocks of Peru (cf. Atherton and
Sanderson, 1985). The anorogenic post-tectonic granités commonly exhibit
a slight U-shape dtle to enrichment in HREE as shown by the A-type
granites on Figure 58 (Collins et al., 1982), similar systems in the
Mount Plemmnt'~ area of New Brunswick (Taylor et al., 15985), the Quartz
Hill area of Alaska (Hudson and Arth, 1983), and the Proterozoic
rapakivi granites studied by Weibe (1978). High-silica peralkalir;e
granites show moderate to extreme enrichment of the HREE (cf. Taylor and
Fryer, 1983;./ Similar U~shaped patterns with weak to strong negative Eu
anomalies are present in some anorogenic high-silica volcanic systems
such as the Bishop Tuff (Hildreth, 1979; Fig. 58) and topaz-bearing
rhyolites (Huspeni et al., 1984),

Within the study area, the ;elative concentrations of REES
demonstrate the independent genetic evolu.tion of the Koskaecodde and
Mollyguajeck plutons, the Kepenkeck Granite and the rest of the i&'kley
Granite Suite. These REE patterns emphasize the regional.chemicnl
consistencies in the southel;n Ackley Granite Suite and der;onntrnte that
the HREE are concentrated along with other LIL trace elements. Ruropium
is strongly depleted in‘ a iarge halo ' surrounding tha known
mineralization in the Sage Pond Granite. The differences(in LIL element
behavior between the Rencontre Lake Granite and the Sage Pond Granite

: ~
are also mirrored by the REE behavior since the former is not markedly

enriched in HREE nor depleted in Eu.
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Comparison of the virious REE patterns from the Ackley Granite

Suite show that the U-shape, or relative enrichment, of the HREE results

from magmatic processes (i.e., independent of hydrothermal processes)
N

during differentiation of the magma system (assuming sample 187 and 720

are genetically related), This feature was also observed in the Bishop

\ /
Tuff (Hildreth, 1979).

6-6~2 Hydrotherwmal Signatures

0y

Taylor and Fryer (1983) have recently reviewed the behavior of REE
0 in hydrothermal systems and the following selected points are summarized

—

from them. Flyt;n and Burnha‘m (1978) determined experimentally that the
REE do not partition significantly into simple aqueous solutions. !
However, they indicate that in Cl™-dominated aqueous systems, the LREE
preferentially partition into the fluid phase, thus causing a LREE-
depeleted pat;tern in Athe parent rock. Flynn -and Burnham (1978) and
Taylor and.Fr‘yeE (1983) also suggest that the presenée of other anionic
species such asyCO32" or F© in the aqueous fluid will alter the
silicate-aqueous fluid. partition coeff.icients such that the HREE are
preferet;tially depleted from the parent rock. Conversely, redeposition
of the mobilized REE may have the opposite effects with LREE enriched in
Cl™-dominated systems and HREE enriched in CO2 -dominated systems, In
. weakly acid F -dominated aqueaus systems, the stability of REE fl‘l.xoro—
complexes at lower fluoride concentrations (£ 10°3 M) has a maximum at
Yb (Bilal et ali 1979; Bilal and Becker, 1979). Bandur'kin (1961) also

——t

recognized that the stability of these fluoro-complexes in the fluid

phase is enhanced by the prescence. of A13*, a condition restricted to
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those fluids producing phyllic and argillic alteration (Cuilbert and

Jewell, 1974; Taylor and Fryer, 1983; Strong et al,, 1984).

The molybdenite mineralization in the Rencontre Lake area 1is

accompanied by a decrease in total REE and e marked decreass in middle

REE¢ The widespread pegmatite and miarolitic cavities indicate that a
fluid phase was present during \crystalliz'ation, and the decrease in MREE
can be interpreted to result from silicate~aqueous fluid equilibra., The
obgerved REE patterns in the mineralized areas at Rencontre Lake can
thus be explained by assuming that crystallization and possible high-

temperature hydrothermal alteration of the Rencontre Lake Granite took

.
3

place in the presence of a fluorine-dominated aq.ueous fluid.
Alternatively a fluid cont7ining bgth Cl7 and CO9 may have been present,
The largest depletions ére noted at Wyllie Hill where sericitn.
alteration is visible and a larger fluid-rock ratio may be responsible
for the greater amount of REE depletion. LeAching of the HREE and MREF

would not affect the concentration of bivalent Eu and the observed

decrease in the size of the Eu anomaly would result.’

Samples &6 and 98 from the Ackley City prospect were used by Whalen
(1983), in conjunction with sample 468, to aisist in modelling crystal-
liquid fractionation processes throughout _the Ackley Granite Suite,
Comparison of the REE patterns from the Ackley City prospect with the
ré\g/ic-mal patterns for the Rencontre Lake Granite (Fig. 55) indicate that

.
samples 6 and 98 (Fig. 56) are relatively depleted in all REE. The

REE plutons have been modified by a fluid phase and therefore do not

result directly from crystal fractionation.




The REE pattern for sample 605, located approximately 1 km north of

the Wyllie Hill prospect, is also interpreted to have resulted from
silicate-fluid interaction. This indicates that the hydrothermal systems

£

in the Rencontre Lake Granite were of moderate dimensions,

The characteristic U-shiped depletions noted in the altered granite
and greiaeﬁs in the Sage Pond area may also be interpreted to result
from leaching in the presence of a low-fluoride aqueous phase. The
relativg decrease in the Eu anomaly  compared to the regional samples
from the Sage Pond Granite, however, cannot be explained by conti;lu'ed
leaching of the other REE, and must involve some redeposition of Eu from
the hydrothermal fluids. These hydrothermal alteration procesges are
restricted to the greisen bodies and their immediate proximity. The
presence of hematite in the greisen may indicate higher fluid‘foz than
in the magnetite—bgaring‘ parent granite, perhaps enhancing the stabiljty
of Eu in the greisen. However, this would imply a dis}:inct difference in
the behavior of Fu in the aplite-pegmatite and the greisen environments.

Feldspar, and in most samples muscovite, has beengcompletely
destroyed during the formation of the quarﬁz—topaz'greisen. ‘Thus the
imp}icntifm of the interpretation that the changes in the REE
concentrations resplt from a leaching process indicates that the REES
reside in refractory accessory minerals (possibly sp.hene). Gromet and
Silver (1983) showed that the bulk of the whole rock REE content of
granodiorite’ is resident in apatite and’ sphene. Altern;tively, the

alteration process may have caused complete local redistribution of the

REE between the old and new mineral phases without significant changes
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.

in the bulk REE content. The depletion of REE in the larger greisen may
'simply reflect a more efficient leaching of the postulated REE-bearifig
refractory phases in areas where the hydrothermal fluids have been

ponded at high temperatures. Alternatively, larger volumes of fluid have

passed through.




CHAPTER 7 - R3-SR and 40ar/39aR stup1Es

,7-1 INTRODUCTION
//// . The Ackley Granite Suite provides an opportunity to evaluate
temporgl relationships of the distinct styles of mineralization to their
host granites. Geochronological studies assist in determining the areal
extent and cooling history of the magmatic system, and Rb-Sr studies
provide some information on source rock variation. Fourteeh new Rb-Sr
and thirteen new 4oAr/39Ar analyses are presented.

Recent geochronological studies of mineralized granitoid élutons in
the Appalachian - Caledonian Orogen indicate variable time intervals
between p;uton emplacement and minera}izing episodes (Strong, 1985), For
example, Seal et al. (1985) have shown that magmatism and hydrothermal
activity (Sb, W, Au), at Lake George, New Brunswick were esgentially
contemporaneouﬁ, while Halliday (i980), Jackson et al. (1981) and Bray
and Spooner (1983) have documen;ed a protracted period of hydrothermal
activity for the Cornubian Sn-W province of southwest England. Zentilli
and Reyn&lds (1985),have suggested that Sn—-bearing greiseng in the East_
Kemptville deposit of Nova Scotia were formed 60 Ma after emplacement of

the host South Mountain Batholith.

7-2 PREVIOUS GEOCHRONOLOGICAL STUDIES

-

Published ages from the study - area (Fig. 59) include three

conventional K-Ar biotite ages (recalculated using the decay constants
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PUBLISHED AGES

A K-Ar
® Ar-Ar
X Rb-Sr Samples

B Biotite
M Muscovite
H Hornblende

X: Rb/Sr ISOCHRON AGE = 355:5Ma

Figure 59: Summary of published raMiometric ages from the study ares.

Internal solid lines are boundaries of Kosk aecodde and

Mollyguajeck plutons. Dashed lines are internal boundaries of
the Ackley Granite Suite.

~
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recommended by Steiger and Jaeger, 1977) of 374 t 3tha (Lowden, 1961),
399 ¢ 32 Ma (Leech et al., 1963) and 405 t 17 Ma (Wanless et al., 1972).
There are large errors on these ages such that they cannot be used to

differentiate possible units within the granitoids.

h Bell et al. (1977) reéported an Rb-Sr isochron age of 355 £ S Ma (2
sigiha; recalculated uaing = 1.42 * j0 -1l yr'l). These data were
obtained from six samples from different granitoid units which were not
recognized in the study agea at that time, éive of the samples were from
thé Tolt, Meta and Hungry Grove granites and one sample waa from the
Kepenkeck Granite, The implication of thi:J age is that all of the
granitoid rocks in the study area (their Ackley City Granite) represent

a single cooling event and a single magmatic system.

A K-Ar date of 338 t 7 Ma was reported by, Whalen (1980) on

hydrothermal muscovite from the Ackley City molybdenite prospect in the

Rencontre Lake Granite. This age was considered by Whalen to be in
agreement with the previously reported age of Bell et al. (1977) and was
thought to represent the age of crystallization gf tle granite and its
<p
1 /

contained mineraligzation. i

e

4
Three 40ar/39% spectra froﬁ biotite and a biotite-hornblende pair
were obtained by Dallmeyer et al, (1983). The samples were located at
the eastern margin of the Tolt Granite and thé speégra gave integratgd
ages of ‘352, 357 and 355 Ma regpectively (a}l t 10 Ma) which were
interpreted to rebresent the approximate a&e of emplacement and

-

subsequent rapid cooling of the granite, Theée;ages are similar to the

|

;f
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_. Rb-Sr age reported by Bell et al. (1977) and are younger than a

conventional K-Ar age reported from the eastern margin (Fig. 59; Leish

et al., 1963).

7-3 WHOLE ROCK RB-SR GEOCHRONOLOGY

7-3~1 Iatroduction

The Rb-Sr 1isotopic system and its application to geological
problems has been reviewed by Faure (1977). Details of the analytical

techniques are provided in Appendix B. The locations of fourteen whole

rock samples analyzed to provide information on possible source and age

variations in the study area are shown on Figure 60, along with the
locatiqns of the 6 samples analyzed by Bell et al. (1977). The Rb and
Sr concentrations and Sr-isotope ratios are summarized in Table 17,
Samples were selected on the basis 6f-absence of chlorite alteration in

8

thin section.
7-3-2 Results

Results of weighted least squares regression analyses are.shown in
the accompanying Figures for combinations of the new data along with the
data of Bell et al. (1977). Errors are quoted are at the 1 sigma level,
The regressed lines on mos; of the plots ?ave a mean square of weighted

deviates (MSWD) greater than 2 and are errorchrons as defined hy Brooks

et” al, .(1972). Nevertheless, there are signifitant variations in the

indicated ages and the initial 873¢/865r ratios between the northwestern

granitoids and the granites from the southeast.




RB-SR ANALYSES | <)

e PRESENT STUDY
A BELL et al.,(1977)

Figure 60:

Locations of samples analyzed for Rb and Sr isotopic content,

Dot-dash lines are internal boundaries of the Ackley Granite
Suite,
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Table 17: Rb-Sr isotope data. Sample location on Figure 60.

&
Sample Rb Sr 87Rb/86sy 875¢/86g,
87 235.3 263.8 2.585 0.71888
92 < 192.9 277.5 2.015 0.72172 1
94 245.5 253.6 2.805 0.72028 ‘
164 186.0 162.6 - 3.316 0.72298
353 283.4 116.4 7.079 4 0.75151
397 311.6 65.6 13.844 . 0.77647
438 257.1 182.1 4,094 0.72757
464 150.1 99.4 4.377 0.72733
501 312.8 109.7 8.29 0.74819
502 322.6 82.6 11.36 0.76371
523 214.5 172.9 3.600 0.73148
. 605 241.8 65.6 10.720 0.76095
701 164.8 316.8 1.507 N0.71819 v

Bell et al. (1977)

CD 462 214 75 8.3 n.7479
468 294 35 24.5 0.8280
469 250 24 31.1 0.8618
494 248 84 8.5 0.7493
495 220 74 " 8.6 0.7497
499 212 - 344 1.78 0.7135
4
. .
Y

are
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A1l data from the nprthwestern granitoids are plotted on Figure
61A. This sami;le' grouping gives an age of 359.5 Ma, w‘xichlig meéninglehs
since it has a large v'err;n" o'é “57.9 Ma and -a MSWD of 522. However, the
aar;:pleg plot as two trends. Hornble_nde—-l:"earing sam.ples (92, 353, 523 and
701)‘ from the Kosicggcodde and Mollyguajeck plut.p;nll form tyhe upper and
s\teeper line and samples from the Kepenkeck and Mount Sylvestgr granites
(87, 94, 499, 501 and 502) form t.he lower .t\re,nd. |

‘ o :

Hornblende-bearinAg samples fro;n the Koskaecodde and Mollyguajeck
plutons give a r;asonably écceptab(e'age of 426.9 % 12.{ Ma wi;h an MSWD
of 6.3 and an initial str?ntium ratio of 0.709'2 ‘(’Fig. 61B).

The combined samples "from Fhe Mount Sylvester and' i(epenkec}c
granites have an indicated age of 570.4 * 15 Ma,~a large MSWD of 19 and
an initial strontium ratio of 0.7049 (Fig., 62A). This is an unacceptable
age due to the large MSHb. A line through the 2 sample poinFs from the
Mount Sylvester Cr;mite gives an age of 356 Ma and an initial strontium
ratio of 0.706. The 3 muscovite-bearing samples (Fig. 62B) from the
Kepenkeck Granite give an indicated age .of 465.9 t 3.6 Ma with an MSWD
of 0.05.and an ynitial strontium ratio of 0.7017, This latter line is
the only isochron from the n’ew data set, but the very low initial
strontium ratio'indicates: anticlockwise rotation of the isochron,
possibly due to subsolidus mobility of Sr.or Rb, Alternatively, it i.s
possible that incomplete homogenization of Sr-isotopi; ratios from -

variable sources (cf. Juteau et al., 1984), resulted in the low initial

3

R [}
strontium ratio. The low initial ratio . indicates that this isochron' is

“inacceptable with respect to age and initial ratio.
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The 5 new analyses from the southeast granites provide an
errorchron age 6f 3S7>.6 t 11.8 Ma with_ an initial strontium ratio- of
10.7063 and MSWD of 9.9 (Fig. 63A). This is comparable to the isochron
(indicated age of 348.5 + 1.9 Ma with an MSWD of 0.27 and an initial
strontium ratio of 0.7070) obtained by regression of a line through the
5 data points of Bell et al. (1977) from the southeast graniges (Fig.
63B). Combining the new data and the data of Bell et al. (1977) results
in an errorchron age of 353.2 * 4.7 Ma.(1 sigma), an initial strontiym
ratio of 0.7063 and an MSWD of 4.2 (Fig. 63C). This latter age is taken
to be the most acceptable Rb-Sr age for the southeast Ackley Granite
Suite, and the age and initial ratio obtair}e.d from the two samples from
the Mount Sylvester Granite also plot on this line. If a 2 sigma error
is used to regress the 10 data points, the age error is doubled to 9 Ma
and the MSWD is reduced to 2.4 such that the regressed line .can
essentially be considered an isochron.

7-3-3 Discussion of Rb-Sr Data

The data fromy the Koskaecodde and Mollyguajeck plutons.support the

'ﬁetrological and geochemical observations which indicate that they are

distinct from the Ackley Granite Suite. These plutons have a- Middle

Silurian (Wtinl}() Rb-Sr age of 426.9 + 12 Ma, using the time scale of
. (

Harland et 1982). Samples from the southern Ackley Granite Suite
give a Lower Carboniferous (Tournaisian-Visean), Rb-Sr age of 353 + 5 Ma

(Harland et al., 1982). These dates would indicate that the Ackley

Granite Suite is approximately 60 to 80 Ma younger than the Koskaecodde

and Mollyguajeck plutons. .
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The initial 875r/86sr ratio of the hornblende-bearing granodiorites
is 0.7092 which indicates either a relatively enriched, possible mid-
crustal source for these rocks, or altetnatively,b a large amount of
co.ntafnination ‘of mantle-derived magma with re‘laiively evolved,
radiogenic, c;'ustal material. This value is comparable to that for the
Mount Peyton Suite (87sr/86g5r = 0, 7091; Bell et al, 1977) and lies at
th('e higher and younger end of the spectrum .of 'initial ratios presented
for the calc-alkaline plutc_mic rocks of the cent;'al Andes ' (McNutt et

al., 1985) and of the Mesozoic plutonic rocks of California (Kistler and

Peterman, 1973). These higher ratios occur on the continental or inboard

side of the orogen. However, systematic areal variations in Sr-isotope

ratios have ndt been documented for the plutonic rocks in Newfoundland

_ (strong, 1980).

In the Ackley Granite Suite, the initial ratio of 0.7063 indicates
a relatively depleted, possibly lower crustal or upper mantle source for
the gouthern gi-gnites. The fact that the data from the southeast
granites (&% 2100 kw?) plot essentially on an isochron, suggests’ that tiw
Sr-isotopic ratios were homogenized during the magmatic event. This nbaayr
reflect a homogenous source, or hc;mogenization in a r;xagma chamber in the
source region of the granite, or homogenization in the high-level Ackley
magma chamber pr-ior to cryatallization of the granite. Tﬁe disturbance,
or inhomogeneity of the Rb-Sr gsystem in the Kepénkeck' Granite‘
unfortunately prevents comparison of the initial ratios with the rest of

" the Ackley Granite Suite.
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7-4 40AR/39a3 GEOCHRONOLOGY

7-4~-1 Introduction

Ages were obtained from B biotite, 4 muscovite and one hornblende
mineral separates, by the total fusion 40ar /394r dating technique
{(Merrihue and Turner, 1966‘; Dalrymple and lLanphere, 1971). The samples -
were‘ irradiated together in the reactor at McMaster University, Ontario
(see Berger and York, 1979; Archibald et al.l-“l983) and were fused a;ld

analyzed b).v Dr. D. Kontak (see Kontak, 1985) at Queen's University,

Ontario.
7-4~2 Results

The analytical results are presented in Table 18 and Figure 64. The
error presented with the data has been calculated to include the error
in 'the J-value in order to compare the data to previous results. The
error for the J-value can be omitted for internal comparison of da!:a
since all the a‘amples were irt:édiated togeth;z;‘ and this results in a
reduction of thbe error in the age ’ate by approximateiy 50Z. The two
oldest ages, 410.4 + 4.4 Ma and 392.5 + 7.6 Ma were obtained from
- magmatic biotites belonging to the Koskaecodde and. Moliyguajeck plutons
respectively. These ages are significantly older than the ages obtamed

from the Ackley Gramte Suite: which range from 378.4 + 4.8 Ma to 366.9 +

3.9 Ma,
*

Magmatié¢ biotites separated from the Ackley Granite Suite provided

the' following ages:




Table 18: 40Ar - 39At total fusion ages (Refer to Figure'64).

Samp, No.?2 (40Ar/3%r)md  (37Ar/3%r)md  (36Ar/3%r)cc  40ar rad. Age %
) ) (2) 2 (Ma)
. \ R

7040237b 16.023 0.00223 0.00558 95.99 368.4 £ 4.2
2211680 16.579 0.00355 0.00368 93.82 371.3 £ 4.5

7040214M 17.008 " 0.00486 0.00494 91.71 . 371.4 £ 5.4
220257b 21.881 0.02182 0.01112 70,95 368.8 £t 9.6
220548° 16.006 0.00222 0.01800 95.99 367.7 ¢ 4.3
7040397® 16.229 0.00207 - 0.00027 96.30 373.5 £ 4.0
220664D 16.084 0.00258 0.00893 95.38 367.3 % 4.2
220523b . 17.691 0.00114 0.03665 98.10 410.4 % 4.4 !
220087° 15.835 0.00176 0.04718 96.7§ 366.9 £ 3.9 2
220087™ 16.323 0.00158 0.00089 97.17 . 378.4 = 4.8 N
2204640 16.473 0.00307 0.09378 94.66 372.3 2 4.8 '
2204640 16.018 0.00238 . 4.31120 . 97.9] 374.7 £ 3.8
220092b 17.070 0.00121 0.05326 97.84 392.5 £ 7.6

rd
)

JL-90-3b 20.465 ' 0.00265 0.00317 . 96.09 451.7

JL-90-2P 20.081 0.00209 0.00616 96.84 451.7

JL-90-1b 20.619 0.00358 0.00483 94.78 451.7

a b = biotite; m = muscovite; h = hornblende

b measured ratios
c corrected for d;cay of 37aAr during and after irradiation.

37 = 1.975 x 1072 day -1,

e

J = 0.01455 for all Ackley samples and 0,014 for standard
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Kepenkeck Granite t 3.9 ra
Hungry Grove Gfanite t 4.3 Ma

" 2 4.2 Ma
Sage Pond Granite T 4.2 M;
Rencontre Lake Granite 9.6 Ma

4.8 Ma.

These ages are sthtistically indistinguishable from each o£her, although
ommision qf the error for the J value may imply a slightly older age for
one sample from the Rencontre Lake Granite. This latter sample also.
provided an almost identical age of 374.7 t 3.8 Ma from hornblende.
)

A muscovite separate was analyzed from the Kepenkeck Granite sample
and gave an age of 378.4 + 4f8 Ma, which is significantly older-than the
age obtained from coexisting biotite. The muscovite may be of primary

magmatic origin, although a hydrothermal origin is also possible (see

Chapter 3), and the Rb-Sr system is disturbed in this ares&.

K
Hydrothermal muscovite from the Ackley City prospect gave an age of

373.5 + 4.0 Ma. Hydrothermal muscovite from quartz-topaz greisen at the
Anesty prospect and from an outcrop located 1 km east of the Anesty

prospect, gave almost identical ages of 371.4 + 5.4 Ma and 371.3 + 4.5

Ma respectively. These éges are again indistinguishable from each other

and from the ages of the magmatic minerals in their host rocks.

All of the above data demonstrate that the Ackley Granite Suite and

- s . - — “u . I3 .
its contained mineralization are contemporaneous. The similar ages from
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’
the hornblende-biotite pair in the RencontreLLake Granite and from the
gydrothermal muscovite 'indicate very rapid cooling in this area since
the ciosing temperatures o{ these minerals ran;es from 500 to'iess than
300°C (Purdy and Jager, 1976; Jager, 197§; Harrison and McDougall, 1980;
Harrison, 1981). Rapid cooling of tﬁe eastern part of the Tolt Granite
was also indicated by the mineral ages obtained by Dallmeyer et al.
(1983). 1In contragt, there is a slight discordadce in ages between
coexisting muscovite and biotite i;zthe Kepenkeck Granite (378 and 367
Ma respéctively). .The different .argon blocking tewmperatures for
muscovite (ca. 350°C) and biotite (250-300°C) poss;bly indicate a slower

rate of cooLing.of 5°C/Ma.
7-4-3 Discussion of 40Ar/3%r Data

The ages of 410 and 392 Ma obtained from the Kepenkeck and
Mollyguajeck plutons suggest that emplacement and crystallization of
these granitoids occurred in the Late Silurian to Early Devonian, (time
scaI; §f Harland et al, 1982). These ages must be considered as minimum
dates since partial degassing of the minerals in response - to Fhe
iﬁtruaidn of the younger Ackley Granite Suite may have occurred. The
Upper Siluriaa age of 410 + 4.4 Ma may be a better approximation of the
earlier event|since it'is further removed from the later grani;es. This
age is in agr?ement with the Rb-Sr whole rock isochron age of 427 + 12
Ma obtained from the same plutons, and both ages support the geochemical
aﬁd petrological evidence which differentiates these granitoids from the

Ackley Granite éuite.
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The Ackley Granite Suite give;vMiddle-Late Devonian ages (Harland
et al., 1982) of 369 to 378 Ma. Discordant muscovite-biotite ages in the
Kepenkeck Granite give an indicated cooling rate of 5°C/Ma and suggest a
relatively deeper level of intrusion (and hence slower coéling) in this
area. In contrast, hornblende-biotite pairs indicate rapid cooling and
thus high level of emplacement of the Rencontre Lake and Tolt granites.
This rapid cooling in the south is consistent with the textural evidence
(variable fine to coarse grain size, miarolitic cavities, aplite). The
data suggest that cooling through the biotite blocking tempera;ure was
essential}y 'instantaneous' in the Ackley Granite guite and the rapid
cooling may suggest that magﬁa emplacement and crystallization occurred
during a relatively short time span. This short time span is unlikely to

exceed the range in the observed ages of 5 million years since’ there

would probably be a greater age-variation due to differences in cooling

history and crystallization of granite if the magma was maintained at

high crustal levels for longer periods of time.

The Rb-Sr isotopic system in the Kepenkeck Granite appears to have
been disturbed, which may also indicate that the %0Ar/39%r system in the
granite was disturbed. Consequently, it is entirely possible that the
40ar /3%r ages of 366 and 378 Ma in the Kepenkeck Granite reflect a high
temperature hydrothermal event related to emplacement of‘ the other
granites of the Ackley Granite Suite. However, the gravity data (Fig. 13)
suggest that the Kepenkeck Granite is contiguous_with the rest of ‘the
Ackley Granite® Suite; lacking further information, the %40ar/39ar ages

are tentatively interpreted to represent post-intrusive cooling ages.
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The similar ages obtained from the Ackley Granite Suite and its
contained mineralization are in agreement with the magmat1c associations

proposed for the genegis of these deposits {Whalen, 1976, 1980, 1983;

Dickson, 1983; Tuach, 1984a) and temporally confirm the physical

correlation of lithogeochemical trends and wmineralization. The
hydrothermal systems responsible for the alteration and mineralization

were relatively short-lived compared to those systems documented in the

Cornubian batholith (Halliday, 1980; Jackson et al., 1982; Bray and

0 <}
Spooner, 1983). In the Cornubian batholith, it is possible that long
lived hydrothermal system, overprinted mineralization and

devolatification textures related to magma -crystallization.
7-5 PREVIOUS AND NEW AGES - A COMPARISON

The #0Ar/39a, ages of the Ackley Granite Suite (369 =378 Ma) are at

or above the limits of overlap in error with the prevxously publLshed
A ]

ages of 355 + 10 Ma. (Bell et al., 1977; Dallmeyer et al., 1983) and are
older than the Rb-Sr ages reported above. These féaturea may be
significant and may indicate a protracted low temperature cooling
history such that the ﬁb-Sr system closed approximately 15 Ma later than
the 40ar/39;r system. This interpretation imblies that subsolidus
recrystallization of alkali feldspar continued to low temperatures in
the presence of aqueous fluids. It is possible, but considered unlikely,
that the low temperaéure (< 250°¢) hydrothermai event relates to a
magmatism around 355 Ma, as suggested by the AOAr/39Ar.ageq from the

%

eastern part of the Tolt Granite.
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The ages pregented in this thesis are in agreement with ‘the K-Ar
age of 405 * 17 Ma (Wanless et al.'l 1972) obtained from biotite from
Koskaecodde Pluton kand the ﬁew ages from the Ackley'Grnnite Suite are
within the large error-radge of the K-Ar ages presented by Lowden
(i9615, and Leech et al. (1963). The K-Ar age of 338 + 7 Ma presented by
Whalen (1980) is éignificantly younger than the new 40ar /394, ages and,
assuming the data are valid, may indicat; a later low temperature eveat

involving either fluid activity or argon loss,

-




CHAPTER 8 OXYGEN ISOTOPES

~

8-1 INTZODUCTLON

-

Y ———

The application of o'kygen isqtop;z data l;o the study of 'granitic
ocks and associated hydrothermal ini-neral.'deposits has been reviewed by
{\Taylor (1978, 1979). Information can be obtained from these data about

the possible source ot; the graniticA magma, the ex'tent of su.bsolidus
silicate-fluid reac;tions during coolin~g of the ﬁluton and the‘nature of
the fluid involved in theée subsolidus reactions. Oxygen i‘so.tope data
are particularly useful in evaluating the extent of magmatic versus
"meteoric fluid  involvement in mineralizing systems. @;l.ditional
information may be obtained concerning’- the evolutiqnary hiétory of these
mineraltzing fluids and the temperatures of min‘eral deposition. The
objectives - of this study were to invelst.igate ‘posaible magma—sm-xrce
variations, and to delineate the'nflturg and extent of subsolidus fluid
interaction with the granites with special reference to thé mineralized

areas,

v

0
v

Twenty three whole rock 'éamples from throughout the study area were
Aralyzed for oxygen isotope composiéion, 'and quartz and feldspar ﬁi:neral
separates werée 'anafyzéd from 17 of those samples. ¢hese samples were-
selected to test for pq‘asible- variation due to source-signature and

large scale subsolidus reactions. Composite samples of the Gander and

Avalon terranes were alao prepared and analyzed in order to test for

isotopic inter—relationships between host rock and gramite. Two samples

'of miarolitic quartz were analyzed to evaluate possifle variations in
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oxygen isotope composition between quartz in the ‘host granite and quarte
precipitated from hydrothermal fluids in the miarolitic cavities. Thirty
seven mineral separates were obtained and analyzed from 9 samples frem

the’ prospects to investigate - the fluid regimes involved in

nineralization.

The analyses were performed by Dr. R. Kerrich at the University of
Western Oontario. Details on gample preparation, analytical method,

accuracy and precision are summarized'in Appendix BR.

L

8-2 REGIONAL 180 VARIATION
-3

8-2-1 Results

The data are presented in Tablé 19, In general, granitoids in the
northwa2st are characterized by highe;.— 8 185 whole-rock than the
granites in the southeast (Fig. 654). However, datg in Table'lq reveal
th‘at some quartz.—feldspar (q-£) fr'actionations are dit;turbed from tl"1e
primary magmatic trend given bsr' A g-f =+ 1.0 £ 0.5 per mil (Fig. 66A),
indicating that the whole rock values are the result of primary magmatic
and secondary .;aubsolidus signatures_.‘ Quartz 1is resistant to .oxygen
isotope exchange at temperatures of less than 600'C, whereas feldspars
readily undergo retrograde i{sotopic re-equilibration - down to 150°C
(Clayr.oh et al., 1968; Taylor and Forrester, 1979; Criss and Taylor,
1983; Giletti and Yund, 1984). Accordingly, 8 184 quartz is used as an
estimator of primary whole rock composition, . where 8 180" - 5 189
quartz - | (cf. Taylor, 1968'). This approach :is endorsed by the

obgservation that'quartz 8180 values cluster tightly within individual

.

.

-}




Table 19: The Oxygen isotope composition of vhole rocks and mineral separstes.

Unit Sample wt.l 18 18 18y 185 18, q-k
Description Number -5i0; ksp mu  bi/ch

Kogksecodde
Granite 506 74.6
Granite 523 69.4
Granite . 697 65.0
Granite . 701 60.3

Kepenkeck
Granite 78 75.5
Granite o 73.4
Granite L 8 70.7

Tolt :
Granite 97.8
Cranite 74,7
Granite 73.4
Granite 69.3
Microlitic Quartse

Hungry Grove
Granite
Granite
Granite
Granite
Microlitic Quarte

Meta
Granite
Granite
Granite

Rencontre Lake
Granite
Granite
Granite
Granite
Granite-AcC
Pemat ite-AC
AplitetMo-aC
Mu-greisentMo-A
Stockwork py-WH,
Pegmatite-CC

Lach  +l.2
$.5 1.7bi ,+0.3 1.7
“l.4
3.0ch  +1.9 5.0
+1.8 3.4
+3.1. 4.5
+2.0

P WA NP~
PO ==
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Table 19: (Cont.d) :
o
Unit sapple  wt.3 18g 18 185 18 183 4.k  gq-mu g-bi
Description Nugber Si0g  wr qz  kap me  bi/ch
Sage Pond
Granite {regional) 716 77.8 8.6
332 715.8 8.3 8.5 8.1 3.%01 -0.2 5.0
Granite-E 284 6.3 6.4 6.0 3.5al 1.95i +0.4 2.9
: 1.9a2 3.5
Topaz greisen-E 170+ 6.3 6.4 4,.9a} 1.2
(900 ppm Sn) 2.9a2 3.2
Topaz greisen-AR 220% 7.9 4.5l 3.4
(1 ppm Sn) .0n) 3.9
Gander Composites
Regional Gl 12.6
Marginal G2 9.3
Roof Pendant [¢X] 7.2
Deformed lntrusives G4 8.7
Avalon Composites
Metasediment Al 4.7
Roof Pendants A2 5.6
Volcanic Al 4.5

wr - whole rock; qt - quarte; ksp - alkali feldspar; mu - muscovite; hi -~ hiotite;
chl - chlorite; Mo - molybdenite; Sn - tin; AC - Ackley City prospect; WH - Wylie
Hill prospect; CC - Crow Ciiff prospect; E - Esso prospect; AR - Anesty Ridge; G -
granite sample. N

Samples with an * were collected by J. Tuach in 1983; the other samples sre from
the regional collection of Dickson (1983). ’

See text for explanation of superecripts in muscovite column,
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lithological units .whereasb whole rock and feldspgr are more d-ispersed,
reflecting excursions about the magmatic quartz-feldspar trend (Fig.
66).

The Koskaecodde Pluton has 8 184 quartz = 16.6 £ 0.1 ()o™) ,and~
these are the highest values in the granitoids from  the study area. T‘t;e
Ackley Granite Suite has average © 180 quartz values (per mil; 16) as

follows:

Kepenkeck

Meta

T‘ollt .

Hungry Grover

Sage Pond (Sn-bearing)

Rencontre Lake (Mo~ bearing)

The Kepenkeck Granite has the highest 618'0 quartz in the Ackley

Granite Suite. The 618‘() quartz values from the Hungry Grové, Sage Pond

and Meta granites can be consi}iered to be isotopically homogeneous, w{th

no significant inter-unit variations. The Rencontre Lake Granite has
significantly lower S 184 quartz (per mil) composition. Thus the

-

. estimated G 180 whole rock compositions are as follows:

Koskaecodde

Kepenkeck

Hungry Grove, Meta, Tolt,
and Sage Pond granites

ch;ontre Lake




4

- 256 -

The composite of metasedimentary rocks from the Cander Terrane
collected from the Trans Canada Hi,ghway” is considered to . be
representative of the regional Gander Terrane ro;:ka and possesses a
whole rock oxygen isotope composition of 12.6 per mil. The composite of
-samples peripheral to the granitoids of the study area has an oxygen
isotope composition of 9.3 per mil and the composite of .sa;mples of
Gander Terrane Yocks in roof pendants in the Ackley Granite Suite haé a
value of 7.3 per mil. (Table 19). The trend to lower 5 180 is ascribed

to the incursion of 180--dep1et:ed meteoric waters accompanying

intrusion of the plutdns in the study area. In contrast, the Avalon

Terrane is characterized by uniformly low - 8180, with peripheral
metasedimentary composites 4.7 per mil, peripheral metavolcanics 4.5 per

mil, and roof pendants 5.6 per mil (Table 19). A reconnaisance study of

quartz-feldspar on rocks from within the Avalon Terrane hé’s failed to

identify significant fractionations (R. Kerrich, personal communication,

1985) and this low 8 18 signature is interpreted to he an inherent_

feature of Avalon Terrane rocks.

.

A ¢omposite of deformed granitoid intrusive rocks from the Eastern

Meelpaeg and North West Brook complexes (Table 19) has a S 185 whole

rock value of 8.7 per mil, within the range of isotopically "normal”

felsic plutonic rocks (cf. Taylor, 1978). This value is slightly higher

" than the. value-for the Gander Terrane 1it_:hologi’es in roof pendants,

Most samples from the study area plot in the field of normal
granites on Figure 66B. Two samples (23 and 506) located near the margin

of the plutonic rocks in the study area have relatively large poasftive

e e
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quartz-feldspar values and are di;placed to the left of the magmatic
field, Many of the sampﬂlies from the'so(;theastern Ackle}; Granite Sui;e
have negative /180 quartz-feldspar values and are displaced to the
right of the magmatic field. In addition, there is an apparent trend of
increasingly neggtive A180 quartz-feldspar values from the area of tin
mineral-iAzation in the Sage Pond Granite, ”tow.ard’s thebnotthern part of

theHungr}' Grove Granite (Fig. 66).

8-2-2 Source as Imdicated by 189 variation

.

In‘ the mggmatic .environment, the variability of | § 180 value of
primary melts is thought to reflect t;\e oxygén isotope composition of
source regions due to the low magnitude of inter-mineral or mimeral-melt
fractionations at elevaged temperatures. M;el’ts originating in the mantle
tend to possess tightly constrained primary compositioﬁ's reflecting
mantle uniformity with respect to § 189 (Taylor, 1968; Kyser et 51:,
1981, 1982)., whereas those -generated in- crustal regi’ons dominated l‘)y
metasedimentary or altered volcanic rocks may acquire elevated
values due to prior interaction of source rocks with the hydrosphere.
Taylor (1978) suggests thqt normal granites have 6 < 180 whole rock <
10 and that values in excess of 8 per mil require a crustal component 'in
the source region. Consequently, most of the samples are within the
rangé of normal granites. The estimated whole rock valu-es for the
Roskaecodde Pluton (9.1 per mil).and the Kepenkeck Granite (8.5 per mil)
are indicative of a aignific;ant crustal component . in the genesis of
these granites. In contrasAt‘, the .estimated whole rock 5180 value for

the Hungry Grove, Meta, Tolt, and Sage Pond Granites (7.5 per mil)




indicates derivation of thyse rocks from a crustal igneous source which .

has not interacted with the hydrosphgre, or from a mantle source,

The Koskaecodde Pluton exhibits petrographic and chemical features

of I-type plutons, yet its oxygen isotope signature is that of a

crustally aerived‘ S-type pluton (0'Neil and Chappell, 1977). The
relative oxygen isotope .signatures of the more aluminous Kepenkeck
Granite and the rest of,thevAckley Granite-Suite conform to the normal
relationships between oxygen isotopes and chemical-source parameters as
described by 0'Neil and Chappel} (1977).
. . . . _ as ~ .
 Magmatic processes have been recognized to increase primary § 184
values by as much as 1.3 per mil during differentiation (Taylor, 1978;
Muehlenbachs and Byerly, 1982). The data from the Ackley Granite Suite
afe from evolved granitic. bodies. Therefore, the oxygen is%fope
compositional‘differences between the Kepenkeck Granite and the other
grénites cannot be related to such a process. In addition, the § 18g.
valués from the less evolved Koskaecodde Pluton are higher, indicating

real differences in source-signature.

The Rencontre Lake Granite has an estimated magmatic whole rock
value of 6 180 = 5.7, This estimate is below the normal field of
magmatic;~ rocks (Taylor, 1978). Low- § 180 volcanic rocks have been
described by Hildreth et al. (1984) from the Yellowstone Plateau
Volcanic Field. These 1low values were ascribed to the magmatic

assimilation of meteoric waters during caldera collapse prior to final

emplacement and crystallization of the voleanic rocks.

»
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Alternatively, assimilation of low— CS 189 country rocks at the
magmatic stage may result in low- 6 18¢ magmatic values (Taylor, 1978).
Depletion by assimilation of country rock .with an measured whole rock
values of 4.7 and 5.6 per mil (Avalon composites), from an estimated
‘normal' wvalue of 7.5, to a value of 5.2 per mil would require total
melting of the intruded rock with only minor primary ;nagmatic input.
Comparison of major and trace element data from the Rencontre Lake
:}ranite and its host rocks does ﬁor. suggest extensive asslimilation. The
mechanism of lowering the <S 180 value in the Rencontre Lake Granite b;
assimilation of meteoric water during eruption and caldera collapse 1is
preferred. The tight grouping of 5 189 quartz within individual
granitoid“ units throughout the study area also uargues against high-level
assimilation or melting\?f the country rock.

Within the Ackley Granite Suite, the isotopically heavier Kepenkeck
Granite ( 5 189 -‘ 8.5 ‘per mil) intruded the higher- 180‘ Gander Terrane
( 6 180 = 9.3 to 12.6), whereas the rest of the Ackley Granite Suite,
possessing lower 5 }80 occurs predominantly within the relatively
lower- 189 Avalon Terrane. This relationship raises the possibility
that the Kepenkeck Granite and the remainder of the Ackley Granite Suite
inherited 3eir isotopic (and chemical) characteri’stics from partiasl

melts-of mdterial iaotopically'comparable .to the Gander and Avalon

N

teyranes Yyespectively. The high (S l80—v31'.gnature of the Koskaecodde

Pluton would likewise suggest a Gander Terrane source,

The analyses of the composite samples provides the best available

estimator of bulk 5 18y for specified lithologies of the two terranes.

“
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Such values may not be representative of equivalent rocks at greatei‘

depth and may also have been modified by isotopic exchange with near

surface meteoric waters accompanying granite intrusion.

~ The value of 5 180 = 12.6 obtained. from the regional compos{te of
Gander metasediments is within the range of isotop.e composi:tion for
metagediments. However, both metasediments an:i metavolcanics of the
.Avalon"[‘errane have extremely low (S 18(5 relative to any plausible
primary precursors ‘and it 1is clear that these lithologies have
experienced a history of (‘S 18g depletion. Quartz and feldspar
fractionations in Avalon rocks do not indicate exchange with an external
10;1—180 aqueous reservoir, and accordingly., it is likely that the
18O-depleted character of the Avalon Terrane existed prior to intrusion
of the Ackley Granite Suite. This 1low signature may be related to
Precambrian Pan-African intrusive activity, a deduct':ion supported by the

observation that the granite itgelf, specifically the eastern domain,

does not record significant negative A quartz-feldspar.

Although there is a general correspondence between 8180 of the
granitoid rocks and the terranes whicH they intruded, the source-magma
fractionation would be =0.3 to -3.6 per mil for the Gander Terrane, as
against +2.4 per mil for the Avalon Terrane (Table 18). The gross
.corresponde_nce of (S 180 granite with source terrane may éignify ‘a
source rock control on magma compositions. However, the differences in
sign and scale of source-magma fractionations imply that the estimated

terrane values are unreliable and the most likely source of error is the

estimated low 8 180 for the Avalon Terrvane. ‘
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. - -~
‘This study has been orientated towards identifying an ‘'Avalon'

isotopic signature in the southeastern Ackley Granite Suite. The

argument@ presented above .do npot preclude the possibility that the

granites of the Ackley Granite Suite with 5180 between 6 and 8 per mil

6riginated'from a mantle source.
8-2-3 Regional Su?solidus Fluids

It has been shown that for most igneous rocks emplaced wi‘th‘in 7-10
km c;f the terrestrial surface, oxygen isotope exchange'occurs during
incursion of external fluid reservoirs, which act to distturb the primary
magmatic signatures. (Taylc;r, 1968, 1978; Taylor and Forrester, 1979;
Cregory and Taylor, 1981; Criss and Taylor, 1983). In general, low-
180 meteoric waters tend to deplete magmatic rocks relative to primaryr
values, whereas evolved formation brines or marine waters at low
temperatures (Weﬁner and Taylor, 1976) and subsolidus exchange with COj
(Higgins. and Kerrich, 1982) shift rocks to higher- 8150 vlah;es.
Feldspar is preferentially exchanged relative to quartz, and departures
from magmatic quartz-feldspar fraf.tionations of +1.0 * 0.5 per mil

indicate subsolidus exchange with external fluid reservoirs.

The samples from the Koskaecodde Pluton and from the Kepenkeck
Granite plot in the field of magmatic values on Figure 69. Consequently,
possible subsolidus interaction of Ffluids with an extraneous ‘oxygen
isotope reservoir cannot b‘e recognized. Both of these units exhibit
abundant textural and petrographic evidence for subsolidus reactions.
The fluids responsible for these éllterations may therefore have been of‘

\

s




\

magmatic origin, as opposed to low to 1ntermedxate temperature meteorlc
fluids. In addition, the lack of evidence for low tempersdture fluxd

interaction may indicate a relatively deep level of emplacement in the

crust,*below the level of extensive, meteoric, hydrothermal activity,

2

-

In the southern Ackfey Granite Suite, quartz in miaroliﬁic cavitieas
has a cS 189 close to Ehat of quartz in%contigudus granite (Fig. 65B).
This indicatgs that_crystﬁllization of the miarolitic quartz occurred at
near—solid;s temperatures in the presence of magmatic fluids exaolvig
from the granite. A corollory to thé’cofreSpondence of 8 184 quartz

from cavities and granite is that .participation o6f a significant

component of an external aqgg&us reservoir in miarolitic growth can be

ruled out,

5 L}

Sample 506 from-the‘Koskaecodde Pluton and sampke 23 from the Tolt
Granite}are located within 50 meters of the external.intrusive contact
and are shifted .to 'the left of the magmatic field. This feature is
interpreted to result from exchange with an external reservoir of low-

180 meteoric water during cooling of the Granites.

AIn the southeastern granites, most samples are shifted to the right
of the magmatic trend, by up to + 4 pe? mil, This shift 1is evident
throughout the Tolt and Hungry Grove granites, as well as in all rocks
analyzed from the Sage Pond Gtanlte, and in one of two samples from the
Rencontre Lake Granite (F}g. 65B). Shifts to the right of the magmatic
trend are attributed to éxchange with a relatively restricted volume of

meteroic fluid which collapsed. into the. carapace of the cooling
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graﬁite (very-low water/rock ratio). These fluids became 1ncr\ga§1nq1y
enriched in 5180 .due to progressive exchange with t}\e é;-anne as théy

- penetrated deeper.ir'\to the carqpace; The observed ma_ximu;r\ shift to tﬁe '
right.of the magmatic trend occurs in sample 438 which~ has -a JIRQ
fe]dsba; value of 11.2 per miT. ‘This valde may have been q.ener\ated‘byA

" exchange of .feldspar with a fluid ranqin;‘i‘n composition from §180 = +
4 at 250°C to _ §18 = - 2 at 150°C. .A]te'rn‘ative'U, low temperathre
fluids of magmatic-ongin may be derived from depth.

A halo of secondary muscovite (Fig. 13), and an increase in
coarseness. and amount of perthite occurs towards the southerr;" ;Jri'tact at
Sage PondT These features c’ou]& be ‘interpreted to rgsuu from
interaction of the carapace‘with an encroaching mete‘oric system but the
observed quartz-feldspar fractidnations afe opposite to those expected‘.
‘Enrichment of fe]ds-p.ar relative to quartz .may also 1indicate the .presenceA

of a saline aqueous reservoir. However, this conflicts with the

interpretated presence of a hon,«'saline depleted meteoric reservoir

responsible for regional depletions in the Gander Terrane and in the
margins of the granites. Al ternafively, the shifts to the right of the
maémat‘ic trend could by akcribed to prefgrentia] subsolidus exchange
w1th heavier-. §180 fluids such as (0. For example Allard (1979)
g’résente‘d 6180;C02‘va1ues in gases emitted from a volcanic fissure of
7'7’8 to 8.2 per mil and values of 15.9 to 20.8 per\mil in qgas exsol.ved
" from lava flows. These high positive 3180 values wou]d. permit high
temperature exchange at low fluid/rock ratios ancd would require passaqge

of a flux of C0» through the granite from deeper in the crust, or from

the mantle. There is little evidence to support this suggestion.
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The wide: rvange of observed shifts in 5 18 feldspar throughout the
granite i{s in common with other studied examples of granitic rocks that

have experienced variable degrees of exchange with aqueous fluids

(Taylor, 1971; Wenner and Taylpr, 1976),

8-3 180 VARIATION IN MINERALIZED AREAS

8-3-1 Results

. The data from thé mineralized areds are summarized in Figure 67 and
listed in Table 19. Data are presented (Fig.. 67)- f;'om both the Rencontre
Lake Granite which is described as a molybdenite mineralizing system and
from-.,thf!- ‘50uth9rn Hungry Grove and Sage Pond granites, described as a
7tin mineralizing systemr Within the two minerali;ed areas or syétems,
the data from the régional granites is plotted on the left .and data fromvo
migéralized and/or’ alt.c'zred samples is plotted on tﬁe right. This

arrangement permits vapid comparison of the oxygen isotope signatures

between, and within the mineralizing systems.

8-3-1-1 Rencontre Lake Area: The 5 189 quartz values of 5.2 to 7.6 per .
‘'mil at the molybdenite prospects (Fig. 67A) are comparable to those in
the hoat-Rencontre Lake Granite (5.8 to 6.7 per mil). These estimated

initial whole rock 8'1‘80 values are at the lower limit of, or below,

normal mhgmatic valuies (Taylor, 1978). /

-
§amp1e 369 of 'grén;)('from the Ackley City mol}bdenite prospect,
plots in the field of magmatic .quartz-feldspar fractionation (¥ig. 67B)

along with regional sample 266. Samples 349 (coarse muscovite greisen)
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and 361 (pegmat'ite) from the’ Ackley City prospect also plot in magmatic
trend (Fig. 67B). Sample 461 of pegmatit'e from' the Crow Cliff prospevcg

¥Qnd sample 349A of aplite from the Ackley City prospect plot slightly \go
. . R - Y . .

the left 73& the magmatic trend indicating minor.exchange with 1ow—,8180
o s .

flyids. Sémple 378A from the W‘yllie Hill prospect is a sericitized, fine

grained granite containing stockwork mineralization and has a Qquartz-

feldspar value = 3.1 ]:;er mil. . ) S S

- . R - :
In the Rencontre Lake Grardite, the & feldspar-biotite values of

5.3 and 5.5 per mil from samples 266 and 369 respectively,. indicate

temperatures of biotite crystallization in excess of -700°C, assuming

equilibrium. The. & quartz-musdcovite value of 1.7 per mil from:;ample
» , ’ =
" 369 also indicates a temperature of crystallization in ex:ess of 700°C.

1

"Samples *349A, 378A, and 461 plot to the left of the Ffield of

magmatic = A\ Quar.tz-feldépar (Fig. 673'), indicating reaction of ‘the
‘samples with low- S 180 fluids. Therefore, fractionations between qu'artz.
. . L4

. .8 : ‘
and other mineral species in these samples do not represent temperatures

of  equilibrium crystallization. WNeither is there any indication of

o
oo
equilibration between feldspar and muscovite. The indicated equilibrium

temperature for A quartz-muscovite from sample 349 is around 460°C, but

the indicated equilibrium temperature for A feldspar-muscovite is 250

v
to. 270°C, again suggesting disequilibrium in the sample. foeref,ore,/

vhile the relatively high S 189 values from muscovite and biotite

P

suggest moderate tq high crystallization temperatures in the mineralized
. [

areas, they do not provide reliable temperature estimates.

N

~
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8-3-1-2 ‘Sage Pond Area:; Sample 284 (granivt'e collected from drill core at
the Esso prospect) plot_s,.in the magmatic ‘quartz-feldspar field"(Fig. 67,
" and sample 284 and 170 (greisens) from the Esso prospect are depleted by

_> 1.5 to 2.2 per mil relative to other greisen samples and to regional

samp’lés from the Sage Pond Gragite.

’ .
Two varieties ‘of muscovite vere separated from samples 284 and 170

and three different muscovites were "obtained from sample 220. The

fractionations of quartz-Ml, quartz-M2 and quartz-M3, assuming

equilibrium, may relate to temperature and compositioml,’variables.'

-

In the Sage Pond Gra_hite, sample 332 is displaced‘to the right of
the magmatic quartz-feldspar trend (Fig. 66B) indicating. that the

observed mineral fractionations may not r‘epresent,vﬁagmatic equilibrium

valués. The quartz-biotite fractionation indicates a crystallization

temperature in excess of 700°C. A comparkble high temperature is

indicated from sample 284 by the quartz-biotite value of 5.4 per mi},

[y

but A quartz-muscovite (two separate varieties of muscovite) indicate

tempera(tures of 520 and 455°C and A feldspar-muscovite indicates

©

temperatures arpund 150°C. Therefore, the mineral assemblages prksent‘

are not equilibrium assemblages,

s , A

\ The presence of equilibrium assemblages cannot be estgblished in

gamples 170 and 220 of quartz-topaz greisen. However, quartz-muscovite
. . .

! .

fractionations give temperatufe estimates from 370°C (M2, ‘sample 220) to

,&90'C,(M2, sample 170), with one mqsc_ovite variety (M1, samplé 284)

indicating an unlikefy temperature in excess of 800°C. -

L
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8-3-1 Discussion of 180 yariation in Mineralized Areas
T 4 v , .

L . . _.‘ ‘ “

* In the Rencontre Lake area, the ‘estimated 8 185 whole rock and -

mineral fractionation values between quartz, feld,spar, biotite, 'chlorite
and muscovite, indicate that the bulk of the mineralizing fluids were
\ .

derived from a mégﬂatic reservoir at high temperatures. The 8 18y

quartz values indicate that both the host granite and the rocks at the

'proapects equ111brated with the same magmatic reservou'. Sample 3'.18A
/

shows ev1dence of low temperature alteration with an external low- 5 18

aqueous reservoir and ‘tliis agrees with the observations that the Wyllie

Hill prespect has loﬁ-tempergture ‘porphyry’ - affinities. Smaller shifts
to the left of the magmatic trend exhibited by samples 461 and 349A also

indicaté minor exchange with low- (S 18O§’flui.de.

Comparable high temperature fluids are ‘indicated in the Sage ‘Pond

s

-

ly lower-estimated—© 18¢

values compared to the regional
temperature incursion of  low meteoric fluids may have occurred.

Equilibrium conditions for oxygen isotope exchange between the different

mineral gpecies were not established in many samples and estimated

temperatures probably represent minitium values.

The data from the prospects do not indicate extensive involvement

—

of low Lemperature (< 3006°C) meteoric fluids }n"tﬁe genesis of the

]

mineralizing systems {(cf. Taylor, 1979), a feature in agreement with

available data from other cqmpai'able systems. For gxaniple, the estimated

5 180 whole rock values for granites associated with:  Climax-type

v ) '~ /

samples, indicating that high'
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dep&sgts range from 8.2 to 8.8 per mil (Stein and Hannah, 1985) and are
.heavvier than estimated values of .6.9'to 7.6 per mil from the Hungry
Grove and Sage Pond granites, and distinctly heavier than estimated

values of 5.1 to 6.1 per mil in the Rencontre Lake Granite. Devono-

Carbo/niferous plutons associated with mineralization ~“in the Mount

.

Pleasant area of New Brunswick have 8 180 whole rock values ranging

’ a
from 8.0 to 8,9 per mil (Taylor et al., 1985).




~ T ’ v

[

CHAPTER 9 ~ FLUID INCLUSION S("I'UDIES

- . ) o
’, .
. : e . ~
- L. -

9-1 INTRODUCTION P oy

.
o

' TN \ R St ,
- T Roedder (1979, 1984), Eadington'-and Wilkins (1980) and Hollister

and Crawford (1981) have recently reviewed the techniques and problemns
‘invo_lyed in the study of fluid inclusions, including the application of

these techniques to the identification--of ore fBrming fluids and the

® physical conditions of mineral deposition. Loe S
AN . ) ) \
. J o ‘

In the Ackley Granite Suite, flyid inqlusions are abundant 1in
quértz—topaz, greisen, quartz veins, pegmatites, and in miarolitic
cavities. However, most ‘inclusions are less than 10 micrometers in

; .

diameter and consequently are rarely suitable for detailed study (and

photography). In particular, the small size wmade determination of

.. . *phase—changes during . freezing . runs, difficult to impossible.

Nevertheless, some conclusions as to the nature of\thé subsolidus and
‘ o - N :
mineralizing fluids in the Ackley Granite Suite are offered which may

gerve as a basis for more detailed studies,

!

A total of 83 polished thin sections were examined and 40 were
found tc&,/',have suitable inclusions to permit héating and freezing-
studies. A description of techniques and equipement is presented in

Appendix B. A brief description of éamples .and a summary of the data

obté’lned are presented in Appendix G.
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9-2 RESULTS

9-2-1 Regional Samples N /-"

Fluid inclusions from quartz crystals in miaroliti® cavities were
) . ) . l‘ s
studied in several samples from the southern parts of the Ackley Granite

’ LI

Suite (Fig.” 68). Most inclusions were less than 10 micrometers .in
-, diameter. ‘Nevertheless, many of these inclusions appear to be of primary
origin agd consist predominantly of 1liquid and 10-20% vapour (L+V),

co-existing with vapour-only (V) inclusions.

/

-~ — -

Several large L+V inclusions with a uniform proportion of 20% V

N

were observed in a beryl crystal from a smalquuartz pocket (30 cm * 10

.cm) approximately 2 km southeast of Big Blue Hill Pond (Fig. 68). In .

addition, several samples of quartz vein material from the Franks Pond

molybdenum-occm'rénce‘»loqa'ted approximately 5 km north of Rencontre Lake—
(Fig. 68) contain two-phase L+V inclusions.

Heating~freezing studies were performed on 14 inclusions and

heating—on'ly on another 36 inclusions from these regional samples. Only

v . 4 samples from miarolitic quartz pérmitted heating-freezing studies an,v;!

" an additional 4 samples were subject to heating studies.

1

- r

Homogenization temperaturevs ranged from leas than 70 up to 410°C
. - ¢ . - -
(Fig.. 69), with a possible mode in. the range at 340 to 390 9 The . -
inclusions from the Franks Pond quartz veins had a homogenization

s .
temperature of 80 to 260°C.
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Freezing runs on most of - inclusions provided final - melt

‘ - ) A}

temperatures between 0 and -13.6°C (Fig._ 70A). These temperatures,

"indicate an-equivalent weight percent NaCl in the fluid of less than
» < .

*17.5, with most sémples containing leds than 10% equivalent wt. % NaCl.

~Inclusions from the Franks Pond quartz vein® and one }nclusién from
mieréfitic quartz had lower finalimelt temperatures down to -30°C ana_~
comﬁencpd melting (eutectic) at temperatures down td -55.7'0'(E£g. 70B).
- . ‘ ,l

9-2-2 Rencoatre Lake Molybdenite Prospects

?
o

Twenty-five samples of vein and pegmatite material were examined

from the molybdenite prospects. Samples from the Wyllie Hill prospect

did .not contain inclugions -of suitable size for ~ heating=freezing

studies. Samples from the Motu, Crow Cliff-Dunpﬁy Brook and Ackley City
prospects contain abundant small inclusions and rare large inclusions.

Most inclusions are -gimilar to those from the regional miaroyitib

cavities (Plates 30, 31). However, small ‘solid (S) cubes of halite occur

.along with vapor and liquid (L+V+S) in rare, isolated inclusions.

Possib2i~dqub1earings suggesting the pPesence of minor CO9 were observed
1

in several inclusions from samples 646 and CC-I. These rings are wvery

narrow and it is difficult to differentiate them from optical efgects.

’
-

. . ':‘
Primary’ V+L inclusions homogenize to both liquid and vapor between

275 and 400°C with most homogenizing between 350 and 400°C (Fjg. 69).
Several runs were made &n which homogenization occurred to both liquid

and vapour within gvlo,degree interval in coexisting inclusions within

the same field of view.
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Freezing experiments gave finai melting temperatures above -7°C
(Fig. 70A), with most above -1°C. These indicate low salinity fluids
with less than 10 equivalent wt. % NaCl, Final melt temperatures above
0°C were, recorded from 2 inclusions. Temperatires dowr; to ~20.8°C were

recorded for beginning of melt from the Ackley City prospect and down to

'~21.9°C from the Crow Cliff-Dunphy Brook prospect. The available data
' -

from the Motu, Ackley City, and Crow Cliff-Dunphy Brook molybdenite

prospects are sgimilar,
9-2-3 Sage Pond Creisens

Forty Bamples of quartz-topaz greisen from the Sage Pond area were
ex’ami.n‘ed-. In contrast to the inclusions from the Rencontre Lake area,
co—existing inclusions 'A'm quartz grains from the }greisén are extremely
'.va:_'iable from solid (S) to liquid (L) to vapour (V) only (Plates 32,
33). I:Yp to 5 solid phases are observed. Abundant small inclusions are
pr;asent, mo;at are less than 10 micropeters in diameter. Negative quartz
optlMes sre common (Plates 32, 33). Many of the larger inclusions have
necked s,ubsequent to their formgtion (Plates 32, 33) and therefore
p‘ovicllre unreliable data. Small irclusions ar-e also present in topaz ar'1d
loéaily in f{uorite. However, none were léf;v:e enough to provide

. .
significant data. ' . ‘ . N

L)

~

With-respect to possible multi-stage alteration and mineralization,

" i B
the author .can only quote Hall et al. (1974; page 894):
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"we have been unable to associate any distinctive
‘ i
type or variety of inclusion with a particular

intrusion, stage of molybdenite, or alteration".

This statement applies to the different greisen veins and to different

greisen types in the Sage Pond area.

The daughter minerals in the inclusions are isotropic and most have

a cubic habit, indicating the predominance of NaCl or KCl, Tabular,

rhombic, hexagonal, acicular and platy minerals are also common and may

be sulphates or carbonates. In many inclusions, the daughter minerals
R -

have slightly rounded corners and a subhedral shape (Plates 32, 33). The

rounded crystals suggest that many of the inclusions .exc%nged with an

external aqueous reservoir after formation and are secondary. A variety

-

of small (less than ! micrometer), red, translucent crystala are common
(see Plate 34), w%th hexagonal, platv, acicular, tabular and irregular

shapeg. These are probably hematifte, although rutile and cassiterite may

-

also occur. Thin double rings were unoted in isolated inclusions in
.

several'samples and suggest the presence of minor C€O,, and rare

-
inclusionscwere noted with up to 20% CO3.

Inclusions with primary features  gave a wide range  of

. R ) , /
homogenization temperatures (Fig. 69) between 50 and greater than 500°C
(the upper range of the heating stage) with moat namfyles ho}nogenizing

between 200 and 400°C, Coexisting vapour-rich inclus‘{ons were seen to
> :
homogenize to both liquid and vapour within a 20°C temperature range,

e /




Freezing studies (Fig. 70B), showed that some aqueous L+V+S and .L+V

inclusions-began melting at temperatures as low as -60°C and had final

melt temperatures “below -21°C. PFive inclusions had a final melt
temperature above 0°C with o6ne inclusion melting at 3°C. A wide range in

salinity is indicated (Fig. 70) with some inclusions.containing up to 70

wt. 1 equivalent NaCl.

A"doublé ring- in a single inclusion from sample 123A indicates the

presence of COp. This inclusion had a eutectic temperature of -55.42C

\

N,
\

and homogenized. to.vapour at 25°C, continuing the predence of C05. The )

inclusion decrepitated on heating at 224°C.

9-3 DISCUSSION

9-3-1 Rencontre Lake Area

.The data from the molybdenite proépecta indicate ‘that quartz
pegmatite: and associated molybdenite formed in the presence of a low'
salinity fiuid. Local salinity increase may be Vthe re‘sult of boiltng,
The data lie on and near the critical point for low sal#nity fl‘uidﬂs '
(critical point for pure water = 221.19 bars and 574.15'0). There fore
the fluids in‘ the Rencontre area could have been trapped a‘tb
ﬁnhtermined, but high‘er, supercritical temperatures and presaureé.‘ The
preseime of pegmati»te and the style of mineralization in this area,
suggest cllosed depositional conditions under lithosta‘tic pressure. An
assumption that the fluids were boiling would ;uggeat a minimum depth of

formrtion of 800 to 1000 meters. This seems an unrealistically high

ldvel.
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9-3-2 Sage Pond Area .

The co-existence of such a wid: range of inclusion-types again
suggests that the fl‘uids responsibble for greisen formation were boiling.
Detailed studies of inclusions in quartz from quartz-topaz greisen in
New South Wales, Australia (Eadingtoﬁ, 1.983),‘ and from the Clim;x
deposits, Colorado (Hall et al., 1974) have yielded comparable resulta
and Eadington (1983) suggests that quartz trapp;d _second;ry inclusions
throughout hydrothermal activity, making identification of primary and:

secondary inclusions difficult to 1impoesible. Temperature and pressure

estimates cannot be made on the available data from the Sage Pond area.
9-3-3 Composition and Variability of Fluids

The low eutectic temperatpres and final melt temperatures below
-21°C indicate that significaht proportions of species other than Na'
are present in the flﬁids involved in the .formacion of miarolitic quartz
" and the mineral prospects., Carbon dioxide vapour-liquid rings wex"p not
observed in these samples, The' eutectic in the system
NaCl—CaClz-MgCiz—Hzo is at =-57'C m(Crawford, 1981) and is- above tﬁe
recorded e;xtectic temperatures in two inclusions. However, it is
suggested that MgZ* and Ca2* are important cohstituents of the fludds.
This conclusion is cénsistent with the formation of Mg-rich hydrothermal
muscovite.(greisen) and secéndary fluorite‘(plua calcite at Ackley City)

from the fluids.
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a

The final melt temperatures above 0° may reflect the presence of

COé-clathrate in isolated fluid inclusions at the prospects (Higgins,

- 1979; Burruss, 1981ls, b) and are consistent with the observation of rare
) .

double rings reflecting liquid Hp0 - liquid €Oy - .vapour 602 inclusions,
The extent of involvement of COy in metal transport cannot be evaluated.
Carbon dioxide-rich fluids are also auggested by the presence of calcite

at the Ackley City prospect.

—
&

"A ‘significant contrast exists between the fluids considered to be

responsible for mineralization in the Sage Pond area and those in the

0

Rencontre Lake area. The fluids in the Sage p6nd area were highly saline
and possibly boiled either periodically or continuously, while the

fluids in the Rencontfe Lake area had a uniform low-salinity composition

and possibly boiled during precipitation of the quartz in pegmatites and

N Y

veing. v

-

The data from the different prospects in the Rencontre Lake area

-
LY

are similar, as are data from different greisens in the Sage Pond area.

These features may reflect the internal homogeneity of processes which

occurred in the two areas. -

The similarity of fluid inclusions in regional samplEs'and those

from the magmatic-molybdenite 'prospects may suggest that they formed

from a comparable fluid ehich was evolvpd'directly from the magma during

crystallization. This in turn suggests that the more complex fluids
: ~

preserved in the hydrothermal greisen deposits resulted from reaction

-with country rock during fluid transport and migration along resticted

»
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channelways. The-trace element enrichment in the granites associated
with the greisen deposits may havé resulted in the partitioning of a
greaéer concentration\gf Na,VK, Mg, Cl, F, etc. into the fluid phase
(see Flynn and Burnham, 1975). Alternatively, the physical evidence for
a greater aﬁount of aqueous fluid in the Rencontre Lake Granite compared

to the Sage Pond Granite, may Suggest that there was a relative dilution

effect of the evolved fluids in the former area.




CHAPTER 10 - THE Am 'HAGHATIC/!&TALLOGKNIC SYSTEM

10-1 IRTRODUCTION

The objectives of this Chapter ‘are to explore t.he nature 6f the
Ackley M@_gmatic/Metallogeni&_ System (AMMS) which formed the Ackley
Granite Suité and its associated mineral deposits. 'The Koskaecodde and
Mollyguajeck plutons halJca. been shown to be temporally independent from

the Ackley Granite Suite and are therefore excluded from the discussion.

-~

- X i _\
10-2 MAGMA SOURCE

.. The relatively low initial 875:'/865:‘ of 0.7063 and the estizﬁ.ted

180 whole rock values of 6.9 to B.0 per mil in the Rungry Gtove,
Meta, Tolt', Rencontre Lade and Sa'ge Pond granites indicate a relatively
unevolved, possibly lower crustal sOurc.e. Altern'atively, .the granites
may have originated in the upPer mantle, and the strontium and: oxygen
isotopic signatures may have. resulted from crustal contamination., The
reasonable MSWD indicates th'at: the source region was homogenous with

]
[ ° . ‘0 I3 § * . 3
regspect to the initial strontium ratios, or that vigorous tonvection and

mixing occurred in a magms chamber either at depth or in the Ackley

magma chamber. Minor heterogeneity is evident from the 180 quarte

values, ) .

The Kepenkeck Granite has a low initial Sr ratio (0.7017) which

3

probably reflects post—emplacement mobilization of Sr or Rb. The

eatimated initial oxygen isotope ratio of 8.6 per mil requires &
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.significant sedimentary component in the source region.

The association of the high- 8186 Gander Terran; with the. higher-

189 Kepegkeck Granite and the low- 6180 {\vhlon Terraﬁe with the rest

of the lover §518p 'Ackley Granite Suite ‘ynay falso reflect the nature of
the source regions, While it is ful‘ly recognized that the surface rocks
may have no relationship to rocks at depth, it is possible that melting
of 'th; relatively ;inhomogeneous, predominantly metasedimentary rocks, of
the Gander Terrane could give rise to the aluminous, high- 8}80
granites with inhomogeneous initial strontium ratios, while melting of n;.
plutonic and volcanic-rich source analogous to the Avalon Terrane c;ould
result in more homogenous isotopic ratios. Thus a direct melting
relationship between the Can:ier Terrane and the Kepenkeck Granite and
between the Avalon Terrane and the rest of the -Ackley Granite Suite 1is
postulated to have resulted from a lower crustal thermal event which
tral;\sected the boundary between the Avalon and Gander tectono-
strat_igraphic terranes. These obser\rlntiéns are in harmony with the'

concept of I- and S-type source tervanes formulated by Chappell and

White (1974), although their terminology would not strictly apply. .

]

" The overlap of the geochemical and iaotopic signatures which are
characteristic. of the AMMS in the Avalon Terrane ontc; the Gander
Terrane implies that the magma from the Avalon Terrdne nr;|1rce-rocka

- flov'e.c.l into the G;nder Terrane. Alternatively, the Dover-Hermitage Bay
- Fault zone may be a steep southeast facing thri;?t and Avalon source

-
rocks occur under the Gander Terrane.




: ¢

.

10-3 EMPLACEMENT OF THE ACKLEY GRANITE SUITE

10-3-1 Imtroduction

A fundamental problem relating t6 the study of large plutonic

bodies is the room problem (Read, 1957). In other words, how does ‘the

i -

magma ‘chamber develop? The alternatives are _displacement of country

rocks upwards, downwards, sideways, or in situ'melting and asgimilation.

R

. In the case of high level, cross cutting plutons'such as the Ackley.

3

Granite- Suite, the geological, ‘chemical and isotopic features indicate

that assimilation or in situ .melting are unlikely, leaving the
. _ P
alternative that magma is derived from depth and emplacement was by

diaplacement. The sharp geological contacts with country rocks and the

trosa cutting attitudes of the contacts indicate that sideways, ,e(\\

forceful displacement of the country rock does not occur. Tn many cases
where the roof zones of areally extensive and ;hick,'high levelz post-
tectonic' batholiths are intermittehdtly exposed (c!" Cornubian
Batholith), the geoldgical relationships indicate a stratigraphic
tcontinuity across the upper surface of the pluton which precludes
extensive upwards displacement. Thus downwards displacement of the
country rocka would appear to be the most 1likely mechanism of
emplacement,

Models for the emplacement of large granitoid bodies _frqm their
source region into ‘the upper crust have been discussed by Pitcher

(1979) and Hildreth (1981), amongst others. These authors invoke low

density contrasts between magma and host rock and envisage a process of
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diapirism and coalescence of Hispirs at high crustal levels to form the

large plutonic bodies. Bridgewater et al. (1974) convincingly.

~

demonsfrated that crustal downwarping occurred under the large rapakivi

: . \
_granites of Greenland. Cauldron subsidence (Anderson, 1936) is also seen

as a mechanism of emplacement of high level plutons and Jmilgigle

cauldron subsidence to permit extensive high level magma chambers has

-

been documented in ~parts of the Andes (Bussell, 19854 Bussell ‘and

.
-

Pitcher, 1985). Lineaments, or major fault zones are commonly seen as
. Y . .

lines -of crustal weakness which permit ascent and emplacement of

granites into the upper crust (Leake, 1978; Pitcher 1979)

-

Examination of the contoured Bouguer gravity plot presented in
figure 3 (Miller3 19863)'an£ reproduced below, offers some insighF to
the mechanism and tectonic controls of emplacemenﬁ of the AMMS, and high
level grgnitnq'in general.,

10-3-2 Geophysical Surveys

A relatively detailed gravityr‘survey over the atudy a;ea was
recently completed (Miller, 1986a). A contowred plot of Bouguer
anpmhlies showing the location oflthe data.stations and the outline of
the plutonic rocks is presented in Figure 71. ?reliminary m?dellihg by
Miller, us%ng a constant denaity ‘contrast of 0.1 g/cm? thas pfnvided

" \\ - - » » . .
27 estimates of granite thickness, and these are also indicated on Figure
' ' \

71. The magnitudes of ‘the grgvity an!mnlien agree with those obtained by
<

Weaver (1967) in the regional gravity survey of Newfoundland.

N
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The boundary of the Ackley Granite Suite as currently exposed is
generally marked by a séeep gravity gradient and rapid increase \n
Bouguer gravity values. This feature suggests that the outer contact in.
these areas is steep, Subsurface granitic bodies may be present to the

.

southwest and to the north.

The contour map shows considerable additional topography or gravity

variation within the granite and it is reasonable to assume that this
topography reflects changes in depth to the floor of the granite from
the current erosion surface, ie., changes in the present thickness of the

granite. The axis of the lérgest rdegative gravity anomaly, which

- Vpresumably reflects the ﬂ%}ckest granit\e, extends in a north-south
_“direction across the trace of the Dov'ér-Her‘mit'age Bay Fault and across
the geochemical and isotopic boundary to the west of this trace. Thene
o L.

observations support the inte\i'pretations that large parts of the Ackley
- Granite Suite may repre.se.nt a single magma chamber and that emplacement
' > .
. of the magma chamber occurred after movement on the Dover-Hermit age Bay
Fault had ceased (Blackwood and 0'Driscoll, 1976). There is a separate
gravity-low anomaly over the Tolt . Granite. However, 'the true
relationship between the these main anomalies may be masked by gravity
effects related to the large r‘oof pendant's which tmwate the two areas.
The largest Bouguer anomalies occur in the south of the Ackiey Granite

Suite, associated with areas of mineralization.

B

’Superimposed on, or at least complementing the main north-south

trend, are a set of parallel northwest” trends (Figure ,71) with an

approximate separation of 10 km which are present in both the Avalon and
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GCander Terranes. These trends are defined by steep contout gradients

which are interpreted tc represent iaternal subvertical walls within the

magma chamber.

It might be argued that the northwest trends are an artifact _of the
sample distribution and the contour package. However, new gravity data
collected on northeast lines -has confirmed the presence of the northwest
linears (Miller,. personal communication, 1986), Furthermore, the
northwest gravity tl;ends are parallel to and essentially in the same
location a3, strong northwest linear features..defined by second
derivative analysis (4 km spacing) of the total field magnetic data over
the study area (Fig. 72). The total field magnetic data from the
1:50,000 scale magnetic series publishéd by the Geological Survey of
. Canada wa'g digitized and processed using a procedure described by Miller
and Weir (1982) and these processed data were then used to compute the
second derivatives (Henderson and Zietz, 1968)., In addition, Miller
(personal gommunication, 1986) thas confirmed the. location of the
northwest lineaments by moéelling. the magnetic: danta. Therefore, the
combined evidence fr;m gravity and magnetic data indicate that the
northwest trends are real and that they exercised considerable control
on the gubsurface shape of the Ackley Granite Suite.

There is also an implied sense of sinistral movement displayed by
the northwest trends (Fig 71). 'I'h‘ese adbrthwest trendé are not apparent
from the regional geology maps in the immedia.te vicinity of the Ackley
Granite Su/ite,‘nor are they readily apparent from the 1:250,000 igale

total field magnetics maps (Fig. 73), suggesting that sinistral faulting

1.
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is not a significant structural feature in|the area., This implies that
the pattern of sinistral movement suggested by the block pattern is a

result of the relative vertical movements of blocks to different depths
A .

and does not result from movement along strike slip faults/

10-3-3 B-ﬁlacement Model

The northwest trending gravity ﬂanomalies can be interpreted to
represent internal subvertical walls at the base of the magma chamber.
These walls must have developed in response to faulting or fracturing of
the upper crust prior to, or durmng emplacc‘inent of the magma. The
preferred interpretation is that the AMMS developed in_the upper cru;t
"due to the downwards displacement of large parallel crustal blocks with
approximate plan dimensions of 10 by 20 km. The inferred process is here

termed 'megablock stoping'.

)

The north~south anomaly, representing the déepeat part of the

Ackley Granite Suite, is interpreted to repres;ant the axis of the major
cr\;stal displacement and must also represent the axis of the major
the:ma'). event which led to emplacément of the granites. Displacement of
magma from a postulated melt zone i‘n the lower crust upwards around the
downward-stoping blocks probably occurred in 1;esponse to an east-west
;'egional tensional regime (possibly'related to opening of the Atlantic
Ocea_m) and to buoyancy differences resulting .fro? relatively .cold

crustal blocks overlyi.ng hot, relatively siliceous melta at depth.
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Considerable density contrast is envisaged between the magma (2.2
g/cc) and the intruded. rocks (2.7 to 2.9 g/cc). This contrast would be
sufficie'nt -to cause an excess lithostgtic pressure (buoyancy force) of‘
approximately 1 Kb in a 20 km column of/rock. The total pressure acting
to return magma to the top of the ck columm in a 10 * 20 im area
(megablock) from a magma chamber at its base is approximately 3 * 108 N.
This pressure may be sufficient to overcome frictional forces between
blocks and resistance to flow ;:aused by possible Wigh viscosity of
retatively silicic magma. The viscosity of the silicic magma 1is
difficult to estimate. It is envisaged that a high temperature heat
source can cause extensive to total melting of crust at temperatures

above the granite liquidus (cf. 900 to 1000°C) and may form a granitic

,

magma with relatively low 'vis‘coait.y‘, permitting r3gpid ‘flow through

available conduits, High viscosity in silicic magmas with low volatile
content may be a feature that is restricted to surficial or near
surficial environments at relatively low temperatures.

Schematic sections (Figure 74) show the possible mechaniam of

LY
enplacement of the AMMS. The depth from surface to the roof of the
pluton is inferred from studies by Whalen (198)), and Dickson (1983),

from the presence of narrow thermal aureoles, and from the presence of

miarolitic cavities and aplitic phases in the southern outcrops of the

" granite, The depth to the floor of the magma® chamber and hence the
assumed vertical extent.of the stoped blocks is taken from preliminary
) . .
calculations based on the gravity and magnetic data (H. Miller, personal

communication, 1986).
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It is assumed that the magma chamber cbtained a state of isostatic-
or buoyancy-stability with overlying intruded rocks. The scale and style
of emplacement is similar to that described by Brir‘l’g\uater et al,
(1974), for‘"‘i“he.rapakivi granitea .in Greenland. Howeve:;, block stoping
to Permit magma emplacement was in this case more important than cr‘u"stal
downwarpi"ng and it is posaib‘le the downwarping described by BridgewatAer
et al. (1974) may result from frictional drag caused by downward
displacement” of crustal blocks. The boundaries of the Ackley Granite
Suite are not defined by lineaments. Therefore, some secondary expansion

»

of the magma chamber outside the confines of the downward moving blocks
; . .

muat have occurred,

]

Bridgewater et al. (1974) and Emslie (1980) postulated that a
I
series of stacked, mushroom-shaped, magma chambers developed in the

crust t(; permit empla¥ement of the Proterozoic rapakivi-anorthosite
suite. Thelse authors suggested that graben-type'faults and structures
may develop ai:ove,each chamber permitting emplacement of magma to a-
higher crustal 1level and eventually onto the aurfac‘e in graben or
caldera basins. Thig may be a reasonable madel for the development of
the AMMS. However, it will be argued below that the primary s}uctural

‘controls over emplacement and shape of the AMMS relate to orogen—scale

fractures which penetrate the total thickness of the crust.

The mechanidm of emplacement proposed is different from the
commonly accepted processes of dfapirism and coalescence of diapirs at

high crustal levels t‘é/ form the large plitonic bodies (Pitcher, 1979;

Rildreth, 1981). However, control of magma uprise by parallel fractures
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or faults is comparable to that envisaged by Shaw (1980) and Hildreth

(1981). Cauldron subsidence is another common mechanism of emplacement

‘

(Bussell and Pitcher, 1985). It is possible that the proposed mechanism
of megablock stoping is dominant in the middle to upper crustal region

while cauldron subsidence and caldera collapse may take place in the

upper crust.

10-3-4 Speculations on the Tectonic Controls on Magmatism

The Ackley Granite straddles the Dover-Hermitage Bay Fault which

implies a direct relationship between movement on the Fault and the

tectonic controls over emplacément. Possible antithetic structural
relationships may be envisaged between the fault ‘and the norghwest and
north-séuth trends. However, the gravity patterns a}ong with ths.
geological relationships indicate that emplacement of the Ackley Granite

v post—dated movemeat on the quer—Hermitage Bay Fault,

Northwest-trending topographic, structural and geophysical features

‘are present throughout Newfoundland (Weaver, 1967; Hibbard, 1983; see

Fig. 82) in rocks of all ages from Proterozoic Grenville'gﬁeisi to the

Carboniferous sediments, and are present in the three main

tectonos;ratigrgphic terranes in Newfoundland (Humber, Dunnage and
‘ Avalon; Williams and Hatcher, 1983). The Bonne Bay - Placentia Bay
~ N .

Lineament (Swanson ‘and Brown, 1962; Scott, 1980) extends from Bonne Bay,

through the Buchans area, to Eorfunq Bay on the ?outheast coast of

Newfoundland and is the most prominent northwest-tranding feature, It is

defined by changes in geology, gravity, magnetic, and topographic
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) ’
trends. Detailed gravity surveys show the presence of northwest trends

(usually coiné}dent with magnetic trends) in the northwest Gander
(Miller and Weir, 1982; WMiller, 1986a), St-Mary's-Conception Bay
(Miller, 1986b), Trinity Bay (Miller et alg 1985) Deer Lake Basin
(ﬁiller and Wright, 1984) and St. Georges Basin areas (Miller, personal
c0mnunicﬁtions, 1986). These lineaments have a sgeparation of
approximately }O to 15 km, Thus the linear trends with an amplitude of
10 km, defined by gravity in the study area, are part of a regional
tectonic trend which cuts all of the dominpnt northeast Paleozoic trends
in Newfoundland. N
s

~North-trending t0pogr;phic, geophysical and structural trends are
also common in Newfoundland (Weaver, 1967; Hibgard, ;9835. However,
'north-trending structures are less well defined than the northwest
structures. The Late Silurian ékull Lake Syenige (Kean and jayasinghe,‘
1982) and the peralkaline, Carboniferous, St. Lawrence Grgnite have a
linear north-trending outcrop pattern, wﬁich cuts the normal tectonic
trend. Both of these plutons are high level and post-tectonic.

Emplacement of the St. Lawrence Granite was coantrolled by north and by

northwest lineaments (Teng and Strong, 1975).

.
.

Thus the hypothesis is that emplacement of post-tectonic plutons

- .

>
after the end of the Acadian Orogeny was controlled by orogen-scale
{(cf. Tapponier and Molnar, 1976; Strong, 1980) fracture sets or
megajoints. Periodic relaxation in an east-west ' direction caused

localized thermal pulses into, and melting of, the lower crust.

-East-west extension and northwest megajoints permitted emplacement into

2

the upper crust,




-

Devonian-Carboniferous, post—-tectonic, biotite granites in

Newfoundland, commonly with A-type or anorogenic affinities (Strong,

1980; Wilton, 1985; Tuach et al. 1986; Chorlton and- Dallmeyer, 1986)
appear to occur in association with’ major iectonic breaks. Tt iu‘
possible that the'Dover—Hermitagé Bay Fault and other major structures
had a fundamental inf&uencé over fhe generation of these plutqns,
possibly as a }ine of weakness to the mantle which permitted an increase

of thermal and possible fluid activity at the base of the crust (cE.

Leake, 1978; Thompson et al., 1984).

10-4 THE MAGMA >cruumzn
10-4-1 Size ‘and Shape .
! . 3

The Ackley Granite Suite occupies an area of approximately 2,400
tm? . f%e thickness estimates of g{;nite modelled from the gravity and
magnetic data by H. Miller (personal communication, 1986) are éummnrized
on Figure 3 and indicate an approximate volume of 8000 km3. This is a
minimum est #mate for thé volume of magma i the AMMS since significant
erosion of granite may have occurred in ther northern and western parts

of the exposed area.

The radiometric ages indicate that most of the granites cooled

4 _ - ’ . .
'instantaneously' within the error Llimits of the AQAr—39Ar dating
/7

technique (* 5 Ma). The geochemical and isotopic characteristics

throughout the southern ‘granites indicate a continuity of magmatic

processes across-geological boundaries which have been identified on the .
4

basis of texture and mineralogy. Statistical analysis of the chemical
U
N
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data also indicates: that the boundaries of the Hungry Grove, Meta and

Tolt granites are artifacts of the crystallization history of a single

large magma chdmber rather than the result of intrusion of separate

-

magma pulses or phases. This concept may also include the Kepenkeck

Granite in the north which appears to be related to the same thermal

event,

.

There is some independence in the trace element behavior between

the Rencontre Lake Granite and the rest of the AMMS., However, this 1is
‘

thought to result predominantly from variatioms in high level magw
processes (see below)., The similarities - in major element patterns and

the continuity of the gravity patterns attest to the close genetic
i

relationshi7 betweeh the two areas,

> »
~

Thé data are consistent with a model wﬂich invollce; filling of a
large magma chamber through separate underl)}ing conduits., Undetected
differences in age of crystallization between the mémber granites, and
possible differences due to shifts in the axis of:the‘major deep crustal
or mantle thermal event, may have given rise to some of the.observed
variations. For example, it is posasible that the Polt Granite to the

east of the, north—trending line of roof pendents -represents a slightly

f

younger and’ independent pulse of magma and that the Kepenkeck Granite

may be independent. However, the AMMS is thought to have. developed in

.
- -

response to a relatively short lived tectonic and thermal event in this

part of the Appalachian Orogen,

" -
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10-4-2 Pressures and Temperatures
Es
The precise physical conditions of emplagement of the AMMS remain
enigmatic. The presence of relati}ely fine grained miarolitic varieties
of granite in the south and the southerly trending chemical gradiénta

suggest that the AMMS is eroded to a deeper level iﬁ’EE%:rorfhern part
of the Hungry Grove Granite and in the Tolt and Meta’ granites. The
; . X

gravity data also indicate thinner granites in the latter areas relative

O .
to the southern part of the Hungry Grove Granite and the Rencontre Lake
Granite. However, thickness of preserved granite may be independent og

the paleosurface. Finally, the narrow thermal aureoles in the country .

rocks adjacent to granites along the southern contact indicate a' high

- ) -
crustal level of emplacement.

7

Whalen = (1980) suggested that the increase/ in degree of
fractionation towards the contact in the ‘Rencontre Lake a;ea resulted
from in situ Hifferentiation\of a granitoid magma with a near mini;um
melg composition in the system quartz-albite—orthoclaag-water'at PH26

(total) between 0.5 and 1 kb. Dickson (1983) presented a similar

argument for data from the Hungry Grove, Meta, Tolt, Reqeggz‘e.Laka and
, < Wiy
. K 5

Sage Pond granites.
Analogies with modern high-silica volcanic fields which are thought
to be underlain by large active magma chamberd suggests a depth to the

roof of the chamber of 5 to 10 kn (Hildreth, 1981; Hill et al., 1985;

ABoden, 1986). Depth estimates for the formation of Climax-type ore

systems associated with small stocks which may represent 'pimples’ on
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the surface of larger underlying batholiths range from 1 to 3 km (White

et al, 1981), Assuming that the Sage Pond grelsen system represents

AL

conditions in the lower parts of the Climax~type system, estimated depth
R 4

of formation is in the range of 3 to S km.
. "

Huscvovite.( from the Kepenkeck G".rani.t;e has a‘ significant Fe and bﬁg
component and -may be .of primary origin, Exf)eriméntal studies combined
with thermodynamic considerations has led Miller et al. (1981) and
Anderson and Rowley (1981) to suggest a minimum depth of formation of
9.6 to 11.5 km for celadonitic muscovite. Therefo‘r?e, the available
pressure estimates also indicate that the AMMS is exposed at deeper

levels to the north.

The magma mu‘st initiallly have been undersaturated in water to
permit its emplacement at shallow depths (Burnham, 1967, 1979; Brown and
.Fyfe,' 1969; Strlong,, 1980), flxce;s watel; is indicated by the presence of
miarolitic cavi?ties, pegmatites, and gas breccias. The water saturation

is commonly considered to result ° from differentiation and/or

crystallization in the upper portions of the magma chamber.

Temperature estimates are also elusive. Hematite-ilmenite pairs

auit‘a.ble for application of the Fe- Ti-oxide geothermometer (Buddington

and Lingsay, (1964) were not found, - and fO9 has not been determined,

thus preventing use of the phlog('opit‘e—ann.it,e geothermometer -(Eugster and
: !

Wones, 1965). Le Bel (1979) proposed a geotHermometer based on the Ti
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contént of biotite. However, the data from the study area show a wide
range of temperatures of cr}\stallization between 800 and 300°C and the
data for individual granitoid bodies do not cluster or form realistic
éatterns. A major assumption of these lpmposed geothermometers is that
the relative variation in absolute temperatures determines tﬁe’
_compositional gradients in the magma. This seems rather ualikely, It is
probable that temperature gradients influence the development and
magnitude of compositional gradients. Consequentliy, the. compositional
gradients in 'the study area may be intrepreted to represent magmatic
teuiperature gradients (cf. Volkov and Cbrbacl’\/eva\, 1980). However, if
cooling and crl\ystallization i‘s a dynamic feature related to progressive
heat loss to deeper levels in the magma chamber, the temperature
recorded by the mineral may not be representative :)f the temperature of
form&tion of the compositional gradients, nor the final solidus
temperature of crystallization.
.

Estimated temperatures of crystallization o'f p’henocrysts in high-
silica ash flows range from 650 to 900°C based on the Fe- Ti-oxide
geothermémeter (cf. Hildreth, 1979; Boden, 1986). Expérimental studies
(cf. Dingwell, 1985; Manning and Pichi;lant, 1985) show that th? granite
léiquidus\"‘and solidus is depressed to'650°C in the presence of F, B, and
. Li, and that siiicate melts can persist to temperatures of 550°C for
appropriate volatile~rich compositions. Homogenization temperatureé‘ from
primary fluid -inclusions in topai (Eadington, 1983) indicate a trapping’

temperature of 500 to $20°C (Eadington, 1983; Kinnard et al,, 1985). The

presencergriesen and the fluorine-rich composition indicate that the

final solidus temperature of the AMMS in the southern part was in the
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range 600 to 700°C while higher temperatures may be expected in the
north. This study placed no constraints on the temperature of

emplacement of the AMMS into the upper crust.
10-4-3 Chemically Zoned Magma Chamber

In the preceding chapters, the argument was presented that coarse
g_rained varieties of granrite, in the northern part of the Hungry' Grove
Granite and id the eastern part of the Tolt Granite, when Bcompared to
fine grained, m,iarrh)litic varieties in the Rencontre Lake and Sage Pond

granites, indicate a deeper level of erosion in the north and east.

Sharp physical boundaries have not been observed between the different
granites of the Ackley Granite Suite and the geochemical and gravity

gradients trend acroas the gradational contacts between the member

.

granites. Furthermore, REE, Rb-Sr, 40pr-39ar and . oxygen 1isotope data
independently demonstrate an internal homogeneity between the Hungry
Grove, Meta, Tolt, Rencontre Lake and Sage Pond granites. These features

are consistent with the concept that Ackley Granite Suite and as.ociated

mineral deposits were generated and emplaced through Jlarge scale

do
processes operating to form an extensive magma chamber. The element

enrichment /depletion trends, and the size of the Ackley Granite Syite
suggest that these rocks represent a frozen, geochemically stratified,

.
'~ magma chamber analogous to those modelled “by Hildreth (1979) as a

“~

precursor to large volume (> 100 km3) high-silica ash flows (see Fig.

¢ ’

7).
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The analogy with the physical model of the magma chamber envisaged
by Hildreth (1979, 1981.)_ i$ ,remarkable. The geochemical ‘trends which
culminate in the Sage Pond area are readily interpreted as reflecting a
vertical geochemical gradient. These trends, the greater variability and
higher concentrations of the incompatible elements, and loxﬁ_y
concentrations of Ba and Sr, ;t above 74% Si0), are consistent with' the

concept of a high—silica 'enriched' roof zone.

.
1

-Superimposed on the general geochemical trends are the steeper

L
geochemical gradients adjacent to the mineralized areas at Rencontre

Lake and Sage ©Pond, which are interpreted to reflect magmatic

S

[ 4
differentiation processes focussed at the walls of the AMMS. These are
~

compatible with the suggestion by Hildreth (1981, p. 101):
"an ascending chemical boundary layer probably forms
.
a low-density counterflow and rises slowly along the
walls .... and helps to enrich the growing roof zone

in such volatiles". g

The larger cellular patterns of lesv‘s gilicic compositions observed
in the element distrib.uFi.on plans (Figs. 31 to 38) ‘might'represent areas
. of upwelling via convection cells in the main magma chamber, while areas
of lower silica adjaﬁent to the margins of the AMMS might represgent

’
areas of magma feplenisﬁment from below. Assuming that the Kepenkeck
Granite was a part of the MS, possible convection was not on a scale

large enough, or did not last long enough, to destroy the contrasts with

the rest of the AMMS. The homogeneity, of the initial strontium ratios
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may support the argument for vigorous convection and mixing in the

southern AMMS. “\ e

—

10-4~4 Speculations on The Results of Eruption

-~

1

The - Rencontre Lake Granite shows similarities to the Hungry Grove,

) 4 . 3 .
Tolt, Meta and Sage Pond granftes, particularly .in major element
congentrations and mineralogical and textural features. However, there

are also significant differences which kr'equire'explanation. The
“ .

Rencontre Lake Granite has relatively low values for the incompatible

elements, . lowest fluorine values, and enrichment/depletion trends are’
~— "
less extreme dt the granite margins. JThe estimated § 18p valyes are

below the normal magmatic range and are lower than the values for the

remainder of the Ackley Grsnite Suite but A Q-F. values are magmatic.
Chlorite alteration of the mafic minerals is a common feature in the
Rencontre Lak-e Granite ':nd is rare in the rest of the southern AMMS.
Mineralizing fluids were less saline and molybdenum (as qp_posed to tin
and tu.nguten) is the element of economic interest.

-~

In the Yellowstone Plateau Volecanic Field, silicic flows which
post-dated caldera collapse exhibit depletion of 5180 quartz ranging
from ! to 6 per mil relative to more normal magmatic values in extensive
ash flows (Huckleberry Ridge Tuff, Mesa Falls Tuff and Lava Creek Tuff),
which accom;aunied caldera_;ollapse (Hildreth et al., 198£s).»~Calc§lera

collapse occurred at intervals of 0.7 and 0.6 Ma. Post-collapse

volcanism records a temporal recovery towards pre-collapse isotopic

values, Hildreth et al. (1984) suggested that the deple'tions resulted




from contamination of the magmatic system by meteoric water during-
periods of explosiwe activity which sustained access and mixing of water

with the magna.

.
L

The Rencontre Lake Granite can be consi;:le'red to represent a frozen
magma chamber ‘which was in“ the process of. recovering from caldera
collapse. Mixing of meteoric water with the magma could account for the’
lower SEIBO' in this area. In -addition, .the abundant physical evidencé
for saturation of the magma with water is readily explained by post-
emplacement Hy0 ingestion and the ?equirement for saturatiqn due solely
to postemplacement fractionation of an anhydrous parent would not be
necessary.

e ,

‘ -4

The concept-that the Rencontre Lake Granite was quenched as it was
undergoing a process of post-collapse recovery can explain other ’
features of this granite. The absence of steep and highl.y evolved
incompatible element trends can be explained by loss of the upper magma
layer dl;ring eruption: The mofe erratic element distributions in the
Rencontre Lake Granite relativé to the Hungry Grove and Sage_ Pond
granites (e.g." Ba, Sr, Y) can be explained by turbulence in the magma

chamber due to caldera collapse and the weak trends observed are those

/which form during the initial attempt of magma chamber to re-attain

equilibrium. The highér element covariations could be related to the
fact that the differentiation processes were extremely active after
collapse in an attempt to regain equilibrium in the magmé chamber,
Upwellifig of the more mafic areas may‘result from the turbulence due to

erupti and collapse. Partitioning of fluorine into the volatile phase

e
~ &
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»
and its loss t; the magma system, may have occurred dur1ng caldera
collapse, s;ith the ‘addition of e‘icess water.po_st-datinq this event.
Minor fluorite mineralization at the Rencontre Lakfz Prospects therefore
relates to the magma recovery process and not to the regional
qeochemi'cal patterns in the Rencontre Lake Granite. In addition, it is

possible that the medi_al trace element concentrations in the Tolt and

Meta granites reflect intermediate to late stages in the post-collapse

recovery progess.

P

Thus the relative immaturity of the Rencontre Lake Granite when
compared to the Sage Pond Granite is possi’bly due to dynamic features of
‘the magmatic-volcanic cycle. Alterr}a};’hye explanations are (i) di.fferen‘t
source rocks or (ii) other, mor': evolved granites had a 1longer
emplacement - and f’ractionation. Histor_y. There is no éviden-f:e for
different source rocks, and the lower oxygen ihsdtope ratios are not
explained and the ambiguities in the behavior of water and fluoriné are
more difficult to reconcile using an emplacement model.

‘ ,
10-5 FRACTIONATION PROCESSES t
10-5-1 Introduction

The similarity of geochemical trends. frozen in the AMMS to those
inferred for the Bishop Tuff magma chamber (Hildreth, 1979, 1981)
implies a similarity of processes. The following discussion will attempt

to evaluate the possible mechaisms of chemical fractionation using the

data presented from the Ackley Granite Suite.
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One of the fundamental requirements of a chemical fractionation
model is to explain the di%’ferences in behavior of tl.‘\e ‘trace elements
above and below the 742 Sioz.level. These differences in both scatter
and,degree of enrichment/depletion of elements were illustrated by the
Harker diagrams and by the Ffactor analysis. By definition, Factor 1
(major elements) is independent of Factor 2 (trace elements), whichr'

implies different processes.
10-5-2 High-Level Crustal Melting and Assimilation

The available geochemical data from the ho;t rocks to.the Ackley -
Granite Suite (Whalen, 1976; Chapter 5) indicate‘ that assimilation' and
elemer'xt exchange of the country rock cannot produce the observed trends
in the AMMS}\The values for incompatible trace elements in the country
rock are too- low and the values for the compatible elements are too
high. ‘There is no evidence for partial melting of the country rocks.
adjacent‘ to the AMMS and partial melting a't depth would still require
emplacement and geochemical fractionation to produce the observed

¢ A3
trends.

10-5-3 Crystal/Melt Practionation

" Trends like those 'observed in the Ackley Granite Suite have
generally been attributed to crystal-melt fractionation accompanied by
filter pressing (McCarthy and Hasty,. 1976). Whalen (1983) modelled
crystal-melt fractionation in the Ackley Granite using selected data

from his study area and a selected sample located 20 km to the north

from the Hungry Grove Granite (the REE pattern from the Rencontre Lake
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Lake area used by Whalen (ibid.) to model cr&atal liquid fractionation
indicates that the REES have been depleted by magmatic fluids). Whalen's
(ibid) conclusions were that crystal-liquid fractionation with large
melt/crystal paftition coefficients could préduce the observed

variations, -

Published melt/crystal partition coefficients for the REE in
feldspar; from high-silica systems (Hanson, 1980) indicate th;t the melt
should be enriched in all REE during crystal-liquid fraction, assuming
that feldspars were the fiain fractionating phase. This is not the case
since the LREE do not show a consistent trend. The possibility that
fractionation and removal of hornBlende at depth may contribute to
osserved trends cannof be evaluated. However, hornblerdde is absent from
much of the exposed granite and therefore does not directly contribute
to generat;on of the oPserved geochemical trends. The possibility of
producing the observed REE patterns by fractionating accessory minerals
r;maina, but fractionation of accessory minerals is unlikely té produce
the observed ﬁehavior in highly incompatible elements such as Rb, Nb and
Ta. In addition, Gromet and Silver (1983) argue that the bulk of the REE
reside in accessory phases such as sphene and'apatifg which form early

-

in the crystallization sequence; REES are therefore unlikely to serve as

1

a good fractionation index in the granitic environment.

The differences in behavior of the trace elements above and below
74X 810, ‘would require either a sudden change in bulk partition
coefficients in the upper portion of the AMMS, or the appearance of new

phases for both fractionation and accumulation. It is possible that the
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former could happen, e.g. due to melt depolymerization and complexing of
elements of high ionic potential (Watson, 1979; Hess, 1980). There is no
evidence for the‘fractioﬁation of pinerals which would be necessary to
bring about the obser;ed chemical vék}q}ions.

Much of the southern exposures of the Ackley Granite Suite are

equigranular and texturés do not suggest cumulate processes, Rather, the

— .

textures are considered to represent rapid quenching of alkali feldspar
and'possiﬁly quartz in response to loss of fluid pressure. Furthermore,
it is,unlikely'that a process of separation of residual liquid could

produce such consistent geochemical patterns over such a large area, og
. -~ i
the enrichment and depletion patterns adjacent to the magma chamber

- walls. Therefore, -a simple process of crystal-liquid fractionation

cannot explain the observed features in Ackley Granite Suite.
4

10-5-4 Volatile Transfer

Burnham (1967) has demonstrated that a numbér of elements of
interest would be partitioned into a volatile phase éoexisting with the
melt, especially in the presence of Cl, and it is reasonable to suggest
that such a process operated in the AMMS, Such a suggestion is
especi;lly attractive with the abundance of physical evidence for the

N

separation of a volatile phase in the southern parts of the AMMS, i.e.
|
where the incompatible elements are most enriched. Nevertheless, in the

Hungry Grove and Sage Pond granites, these enrichments and volatile

textures are the end-products of smooth trends over a much larger area,

where the physical evidence for volatiles is not pteient.
: : /
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REE concentrations do not indicate widespread separation of a

wvolatile phase during crystallization, but indicate that volatile

activity is concentrated in areas of known mineralization. It is also

-

difficult to explain How magmatic devolatilization could produce the’

extreme deplétioh of Ba and Sr. These elements substitute for K and Ca

’

in the silicate phases and are unlikely to partition strongly into-
possible fluid phases. An upward flow of volatiles and incompatible

elements would require a downwards migration of Ba and Sr unless these

elements were removed from the system completely.

-

B}

Volatile activity is not considered to be a viable mechanism to

explain the overall geochemicalA trends in tﬁe AMMS, although

’

partitioning of ore elements and fluorine into, #hd deposition from, a
fluid phase was necessary to form the mineral prospects. Volatile
exsolution was a {;::;: of, rather than a cause of, maggrtic

concentration mechanisms in the magma chamber. p)

P

Subgolidus hydrothermal alteration features include albitization,

perthite formation, chlorite alteration of biotite in the Rencontre Lake

Granite, and minor muscovite alteration in the Sage Pond and Hungfy

Grove granites. Visual evidence of alteration is absent except for an

area of less than ! km? around the Wyllie Hill ;rospect. The magmatic
: ,

oxygen isotope signature of mineralization.and adjacent granite preclude

tranafer of elements below a temperature o£'350'c. Arguements against

.volatile transfer of elements in the AMMS are also applicable to high

temperature subsolidus transfer amd there is no evidence to indicate

*
-

that Bu and Sr were removed from the system by a subsolidus . fluid

phase.




. 10-5-5 Liquid-State Diffusion -
As the evidence does: indicate that the AMMS was a2 layered magma
chamber like that envisaged by Hildreth (1979) with a high-silica cap

overlying a 1less silicic magma, it could be that his proposed
v

fraqtionation model of liquid-state thermogravitational diffusion (TGD)

is the most acceptable one for the AMMS, a suggestion also made by

- -

Whalen (1983). This model invokes temperature-induced element-diffusive
. -
. gradients in the high-silica stagnant roof zone above & vigorously

convecting magma chamber, with supply of elements to the static zene

aided by convection in the main magma chamber. This process is difficult
’ . .
to evaluate and has been opposed from both experimental (Lesher et al,,

1982) and theoretical (Michael, 1983) perspectives.

L] . A'
Transport of elements across an interface with a static high-silica
roof zone may have occurred by diffusion and may account for the
L 8

differences in element concentrations above and below 74% Si09. The

steep trace element 'gradients in the mineralized areas are also in

agreement with aspects involving chemical specialization at the walls of

PRt

the magma chamber (Hildreth, 1981). , "

10-5-6 COnv7ctive Fractionation

/

Convective fractionation (Rice, 1981; Sparks et al., 1984) is

defined as "any fractionation process involving convection of fluid away
from crystals". Sparks et al. (1984) suggested that as crystale grow in

. {
. . a closed system they locally deplete the adjacent fluid in the denser

.
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compositions, and that the resulting less dense fluid would rise
convectively and accumulate at the top of the system, In a magma system,
the less dense ma;erial would essentially consist of the felsic
components (commonly interpreted to represent '"petrogeny's residua
system"; Bowen, 1956), aléng with the LIL elements. The 'residua’

a . ‘ .
components would retain their identity and remain separate from the main

magma chamber die to therlowachemicai diffusivity and density contrasts.
These authors emphasize ‘that such ‘a process would be particularly
effective at the walls of the mégma chamber where cooling is fastest,
and would Allow for effective fract;oAation of crystals at the bOund;ry

layer to produce major changes in the resulting liquid which then

 migrates upwards along the boundary.

This hypothesig removes one of Hildreth's (1979) major objections
to crystal fractionation, ie. the necessity to remove unreasonably large
ﬁroportions of'crystals; Michael (1983) pointed out that fractinnation
of 65 to 70% of ;he obgerved phases could explain the variations iu the
‘Bishop Tuff (e.g. extreme Ba and Sr depletion). Sparks et al, (1984)
show that sidewall crystallizetion and crystallization in the lower
regions of the magma chamber could provide a physical and chemical

mechanism of fractionation.

N\

The convective fractionation model of Sparks et al. (1984} could be

L.
8

self-enhancing in that magma in the zone of crystallization would become
progressively depleted in Ba and Sr and enriched in LIL elements. Later,

least dense material to rise to the top of the magma chamber would be

the most = evolved, accounting for observed zonations

BT
A nd
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[‘Jand the contrasts in element behavior around 74X Si0p. In the case of

the AMMS, the geochemical trends in the mineralized areas would

3

- [ 4
represent areas of uprise of low density enriched liquids. The low

density residual could also be depolymerized (Hess, 1980), thus
enhancing its eventual stability at the top of the system. The local

abundaace of feldspar in the less silicic compositions in the AMMS might

represents areas of crystallization at the base or along the lower walla

'

of the magma system,

In the southern parts of the Hungry Grove Granite and in the Sage
Pond Granite, highesf silica values are spatially separated from the
highest incompatible element values. This suggests that concentration of

the SiO; and these trace elements was in part independent, or more

probably that a process of segregation occurred at the roo;ibf the magma

syftem. For example, diffusion of the trace elementﬂ_go the margina o?.
the chamber may have been superimposed on theé main gegregation process,
or silica enrichment iﬁrGLgh magﬁatic or volatile processes may occur
towardg the xoofi of, the system while the trace element enrichment

processes may be more effective'aiong the margins of the system.

[%

It is concluded that a process of convective fractionation (Sparks
et al., 1984) coupled with the physical model presented by Hildreth.
(1979, 1981) can adequately explain the chemical and physical aspects of

the zonations in the AMMS.




10-6 THE MINERALIZING PROCESS

From a metalﬂlogénic vi;ewpoint, the geochemical trends in the AMMS
can be considered to ‘repre.sent létge magmatic systemg which ulti-mately
evolved to fom.Mo-b’earing depc;sits in the Rencontre Lake Granite and
Sn-W bearing deposits in the Sage Pond- G¥anite, The culmination of thel
chemical trends at the areas of most .signi-fican.t mineralization,
together with the magmatic oxygen isotope signature of the host granite
and of the alteration associated with the mineralizatig_n, indicates that
the minerals of economic interest and the fluids vhich caused their
. formation originatéd in the L AMMS. In addition, the mineralizing.

: \

processes may have operated most efficienzly at the margins of the magma

chamber to form deposits with similar morphology. The contemporaneity of

minerslization and the host granite is also indicated by the 40pr-39Ar

ages. Segregation of Sn and Mo therefore originated in the AMMS.

It is envisaged that mineralization was formed through a
combination of primary ore element concéntration in the carapace and and
at the walls of the magma chamber, followed by further concentration and

A ‘ dgpoaition of ?re élements bydfluida directly evolved from a quenching °
magma., The fluids were commonly ponded at the ‘;alls‘and roof of the
chamber. Crystallization of theLA_ magma at slightly deeper levels may have
provided addit_iona.I fluids and metals to the mineralized areas. It is
again emphasized that the chemically evolved, mineralized granites are
not coﬁai‘dered as late differentiates. Rather, they are formed along

vith the main granite batholith, and crystallization may even precede

that in the main chamber., The high-temperature, magmatic, oxygen isotope
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-signatures indicate that extensive meteoric circulation was not ~an

impartant aspect of the mineralizing process.

Patterns of variation in mineralogy, texture and major element
trends (plus Ba and Sr) are identical in both areas, indicating that the
large scale petrogenetic processes which led to the spatially separated

Mo and Sn-W deposits were similar (i.e. convective  fractionation

domi—nated.by'crystalliza;ion of R-feldspar and plagioclase at depth). '

L

Therefore, controls over the final product (ie. Sn or Mo) were developed

late in the magmatic evolution of the AMMS.

Fluid inclusion studies indicated that ¢ompositions of the fluids
associated with mineralization may he similar, but that fluids in the
| . " '
greisen veins are considerahly more saline than those from the
mo lybdenite deposits. Accurate estimates of temperature and pressure of
fluid entrapment canmot he made. However, minimum trapping temperatures

above 1370°C are common., d

!

The association of topaz and fluorite- with the greisen and the
enrichm;znt of fluorine in the host granite at Sage Pond indicate the
importance of fluorine to the Sn-W mineralization process. In contrast,
the relative lack of flluorine ir; the Rencontre Lake are; is reflected by
_the at;s.ence of top:az, trace arounts of fluorite associated with
mineralization, and the relative geochemical immaturity 'of the Renéontre

Lake Granite. :Therefore, it is probable that the differences in

mineralization relate directly to the observed chemical features in the

'

host granites. For example, fluorine may have been unavailable in the
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Rencontre Lake Granite for transport and concentration of Sn-W by
fluoro‘complelxeu, -vAhileb ﬁo may be compleu-(ed‘by‘ Cl-ric;\ aqueous phases
(Tingle and, Fenn,. v1984; Ca.ndeIaA and Holland, 1984), Molybdenite'
deposition might also reflect lower f0; in the Rencontt;é ‘Lake Granite
(as suggested by the whole rock fei't;ic/ferrous oxide ratios) or higher
fSo as compared to the Sage Pond area. It has been suggested that
fluorine escaped inté the vapour phase", and water was added to the magma
syatem,'during eruption and caldera collapse in the Rencontre Lake¢ area.

This suggestion implies that physical aspect of the magmatic-volcanic

cycle are important controls over mineralization.

10~7 HYPOTMRTICAL MODEL OF THE AMMS

A conceptual rl;odel of the AMMS is p_resen‘tétl:l" in Figure 75 and

"incorporates the features discussed in the pre'yi(;us se;tions along with

those shown in. Figure 74. The upp;r diag_ram“ (75A) has vertical

¢ ) . exaggeration and shows sidewall <crystallization and ' trace element
enrichment patterns towards the chamber walls and ‘roof in the Sage Pond

and Hungry Grove granites at silica levels greater than 742X.. Deeper

level of erosion is thought to have occurred towards the north. The

r,
lower diagram (75B) approximates true sdéale; the large convection cells
ate hypothetical, -
R '.
The heat source depicted in Figure 76B 18 modelled after the .

basaltic input (mafic underplating) envisaged by Hildreth (1981). It is

also possible that the heat sﬁrce was generated in the anorogenic

environment by uprise of mantle material in an extensional enviroument







(cft. Thompsoh et al., 1984); the possibility of mantle input to the .
\ =k

chemistry of the AMMS cannot be evaluated on the basis of the current

datd,

, 10-8 SUBSOLIDUS HISTORY
In the. aoutheastrern granites, uﬁiquitous pertﬁite textures, which
coarsen southwards, ‘attest to the presence of pervasfv'e subsolidus
hydrothermal systems throughou‘t the AMMS. This conclusion 1s supported
by the secc;ndary muscovite in the Sage Pond and Hungry Grove granites '
and chlorite in the Rencontre Lake Granite. ~—

<

The available %0ar/39a, ages from biotite-hornblende pairs are

¢
identical. Thus significant age differences between cooling through the ‘

blocking temperature of hormblende to biotite (ca. 500 to less than

300°c) (Purdy and Jager, 1976; Jager, 1979; Harrison and McDougall,

1980; Harrison, 1981) cannot be recognized. The Rb-Sr ages are

approximately 15 Ma younger than the 40Ar/39Ar ‘ages. Rb is. presumed to

reside préd\ém»inantly in  alkali feldspar which is subject to
recrystallization .‘down to 150°c, a;td it has been suggesled ifi Chapter 7
that cooling through the . temperature interval 300-150°C may have
occurred over 15 Ma. Widespread deviation of the & quartz-feldspar
values from normal magmatic values has been attributed to water—roc-k
equiiibration in large, low temperature, low= 6 180,‘. meteoric
hydrothermal systems which developed in the cooling granite. Postulated

large scale meteoric hydrothermal systems may have developed during the

low temperature interval of relatively slower cooling. -
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The subsolidus textural features focus on mineralized areas, which
implies a direct relationship between the subsalidus systems and the
mineralization processes. However, oxygen isotope signatures of the
mineralized systems are high—temperature and dominan‘tly magmatic, It is
suggested that these magmatic oxygen isotope signatures were preaerved
because of rapid cooling below the blocking tém;)erature for feldspar
e‘xchanée (150°C) at the granite margins. Low temperature meteoric
systems could have been most extensively developed -in the cen'tl:jal
portions of the south eastern granites whére cooling may have been

slower. Consequently the subsolidus crystallization is a re.latively high

temperature event.

The spatial correlation of subsolidus recrgstallization-textures

v

with the mineralized /portions of the magma chamber are considered to

reflect the probabilty that the largest volume of high temperature

magmatic fluids passed through the roof =zone. These textures are
independent of the amount of deviation ¥rom the magmatic trend shown by

the A quartz-feldspar values, supporting the conclusion that the low

3 ~

temperature systems were not involved in min‘erarfization. ’ .
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CHAPTER 11 -~ BISCUSSION AND COWCLUSIONS

"All cases are unique and very similar to others"
J

T. S. Elliot

11-1- DISCUSSION

11-1-1 The Equilibrium State of the System and Controls on Metallogeny

Implicit in the model presented above are the evolutionary or

dynamic aspects of the AMMS. These suggest that with slow cooling

through time, the system ultimately evolves to a chemical and density
layered, stable configuration, with the quartzo-feldspathic compgnents
and incompatible elements concentrated in the roof zone of the magma
chamber (cf. Hildreth, 1979. 1981). |

{ .

The progression to an equilibrium state car.1 be interrupted by
cooling ;cross the solidus, or by pressure quenching ac.ross the solidus
due to loss of va‘pour. Alternatively, as has been suggested for the.

Rencontre Lake Granite, catastrophic events such as caldera collapse and

- eruption could interfere with the equilibrium configuration, and may

ultimately lead to solidification. These catastrophic events may be due
to volatile oversaturation in the roof of the system, thus the process

is self-destructive,

. : |
Most of the large, high-silica ash flows that have been adequately

studied are chemically zoned, as are many of the high-silica granitoid

- 324 -
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plutons (cf. Hildreth, 1981; Boden, 1986) lending credence to the

universality of the process of zonation in high-silica systems.

The inferred relationship between Mo mineralization and less
mature, water saturated magma, and between Sn-W mineralization and
chemically mature, anhydrous magma, also implies a;l evolutionary process
related to the development of the magma system, with Mo mineralization
preceding fluorine rich Sn-W mineralization. As the system develops and
as fluorine and incomipatible element concentrations build up in the roof
zone, a greater tendency to produce Sn-rich greise‘n deposits can be
expected. This temporal relationship is 31.30 indicated in the classic
,Cli.max-typé environment \:’he’re theVHo—U ore shells are cut by later
topaz-rich Sn v?ins (White et al, 1981) and at the Mount Pleasant
déposit in New Brupswick (Kooiman, et al., 1984). Climax-type systema
élso show the effects of excess water by the abundance of breccia pipes
associated with molybdenite mineralization. The magma system may also
becomé progressively more"anhydroma if H90 is lost from the magma
chamber, either through eruptive or diffusive processes,

Thus there -would appear to be significant temporal and physical
‘controls over the primary mineralizing proc;ass in high-silica magmas
which are e;sentially related to the degree of maturity of the
chemically zoned system. It is envisaged that F B t Li enrichment in a
water-undersaturated  magma may eventually lead to the formation of
‘(’Lopaz-tin—-bearing granites and to topaz~tin-bearing rhyolite when the

LIL-rich magma is erupted, Burt and Sherridan (1985) and Taylor et al,

(1985) emphasize the physical and possibly genetic differences between
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the topaz bearing high-silica systems, Climax-type systems, .and
auiociated plutonic rocks. However, the'similaritie; are more compelling
to-this author, Taylor et al. (1985) report the presence of adjacent
biotite granites and topaz granites from the Mount Pléasant')area which
are presumably petrogenetically related to the larger, 'A-type', St.
Georget Batholith (Whalen, 1986). The\obse;vations from the AMMS are
applicable‘to 'this discussion since minor topaz is p;'esent in granites
adjacent to th‘e .larger greisen veins in the Sage Pond area, confirming
the direct genetic association. Undoﬁbtably, thefe are additional
chemical and volatile con;rols which serve to partition the elements of
economic interest.
-t

The crystallization history of the'granite. body will also affect
the apparent relationship between the different intrusive phases. For
example, a chilled carapace may be intruded by either less evolved or
more evolved magma which subsequently freezes. However‘, the general
assumption that the most evolved granite ie; the‘youngest intrusive phase
requires careful consideration due to the dynamics and Ehe temporal
variation in maturity of the cooling magmatnic—volcanic sy?tem. ‘While the
preserved mineralization'd{scussed in this thesis is focussed at the
margina of the magma chamber; .other areas (‘cf. Cornubian Batholi“th;
Stone and Exley, 1985) indicate extensive mineralization in cupol:tls on
the upper surface of the magma chamber. This may relate to fluid and
economic-element accumulation at the upper surface of the magma system

which locally may be aided by the internal topography of crystallized

carapaces in the system,

L]
!
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The geochemical and oxygen isotope evidence .indicates that ore’
metals ar'e derived from the magma, and the scale of the process
e'nvisaged can readily convert parts per billion in the magma to ore
grades and tonnages at the roof of the mag:‘a chamber. Therefore, trace,
element signaturea\ of source rocks may not be a{ critical factor,
However, LIL-element enriched source rocks would undoubtably enhance
mineralrizing processes and depress ghe gsolidus, thus pe?mitting

emplacement of the magma to very high crustal levels, as elaborated in

the model of Strong (1981).
11-1-2 Mineralization and Thickness of the Magma Column

The negative bouguer gravity anomalies ilndicate that the chemically
evolved granites in the Rencontre Lake and southern part of the Hungry
Grove granites aure thickest. These areas are also the locale of the
mineral deposits. Gravity studies in other large mineralized plutons
show a gimilar relationship.

N

This relationship may partly reflect t'he fact that the roof facies
will be preferentially preserved in areas of shallow erosion. Such an
interpretation is possible for the Ackley Granite Sujite, since the
avallable evidence does suggest that deeper levels are exposed to the
north and east. The relatidnship be”’tween thicker hjgh-silica granites
and the strong trace element enrichment/depletion trends may therefore
suggest a depth or pfessure control over the fractionation process,

Perhaps depolymerization and volatile complexing is retarded at greater

depths, causing large deposits to occur at high crustal levels.
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An alternative interpretation is that the thickness of the magma
column relates strongly to the ability to, produce zoned’ high level
systems. Thus a thicker fractionation column would result in a greater

concentration of incompatible elements at the roof.

11-1-3 Classification of the AMMS

Dickson (1983) considered the northwestern granitoids to be

petrogenetically distinct and 1less evolved than the sbutheastern
granites which show a relatively greater degree of differentiation. H
noted that the Kosk;ecodde and Mollyguajeck plutons have calc-alkaline
affinities and that the other granites do not. The southeastern granites
have alkaline affinities (Peacock, 1931). Dickson (1983) noted that most
of the AMMS may be considered as I~type (Fig. 76), while the Kepenkeck
Granige has aome characteristics representative of S-type plutons.
Whalen (1980) noted also that the granmites in the Rencontre'Lake area
may be classified as I-type and’ in 1983 noted that these rocks are
- similar to anhydrous, alkaline, anorogenic, A-type plutons described by

Loiselle and Wones (1979).

°

All of the samples from the southeastern granites and the samples
from the Kepenkeck Granite plot in the field of A-type plutons on ihe
Ga-Al,013 discrimiéant diagram and most samples plot in the A-type field
on the Naj0-K,0 plot (Fig. 77; White and Chappell, 1983). Figure 78
shows the regiénal geochemical data suymmarized on a trace element
discriminant diagram cbnstructed by Winchester and Floyd (197%). The

data from the southern granites, particularly the Rencontre Lake and

.
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Figure 78: Plot of Zr/TiOp * 104 against Nb/Y for data from the study

area. 9 - Koskaecodde, 10 - Mollyguajeck, 11 - Mount
Sylvester + Kepenkeck; 13 - Tolt, 14 - Hungry Grove; 14A -
Rencontre Lake; 14B - Sage Pond; 15 — Meta. Field boundaries

are those of Winchester and Floyd (1977).
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Sage Pond granites, sho; a slight overlap iht"o the commendite field.
These diagrams suggest an evolutionary Frend \tBwards peralkalinity in\
the most evolved. parts oﬁ_ the Ackley Granite Suite. -

' Mos.t samples from tl;e study area.plot in the field of Within Plate
Granites (WPG) on the Np-Y diagram {(Fig. 79A; Pearce et ral.! 1984)
assuming that the éeological setting precludes an ch'an Ridge Granite
(ORd)-environme\:\t fqr the study area. The l}ib-Y*—Nb diagram iys thé bess
discriminator (Fig, BOA)A, with mos‘t»samples piotting in the field of
WPG Fnd samples from the Ko;kaecodde and Mollyguajeck plutons plotting
in the field of Voleanic Arc Granites (VAG). The Ta-Nb diagram (Fig.
79B) shows an overlap between the WPG, . ORG, VAG a‘r’l’d a‘lao has one sample
egch from thg Mollyguajeck, Kepenkeck and Mount Sylvester plutons in the
field of Syn—Coliision Granii:g-s (SYN-COLG). Finally, the data plot in’
both the f.ields of SYN-COLG and WPG on the ;b-Ybﬂ-Ta discriminant diagram
(Fig. BOB.). In cor_\élusion, the plots indicate- (somew’hat.at;:biguousl'y)
that the Ackley Granite Suite has the chemistry of a post-tectonic WPG,

with some components of a syn-COLG. The more mafic samples plot in the

field of VAG and syn-COLG.

The high K0 content and the elevated values of U and Th in the
" southeastern Ackley Granite Suite classify these rocks as High Heat

Production granites (cf. Halls, 1985). Granites enriched ip these

.
-

elements have potential for hydrothermal power generation.

. The geochemital features described abgve demonstrate an anorogenic

signature to the southeasten- granites of the Ackley Granite Suite.










However, geological information is necessary to interpret the data.
While the Ackley Granite Suite exhibits A-type affinities, .it {is
questionable wheéther this description is an improvement on the

petrological classification of alkali-feldspar granite.
11-1-4 Metallogenesis and Other Granitic Systems

The question arises whether the convective fractionation process is
applicable to the genesis of granophile deposits asociated with S-type
or aluminous grgnitevs. Unfortugately, detailed studies comparable to
those in the AMMS are not currently available and direct com:aria.on is
not possible. . C

)

‘ Tischendorf (1977) divided the granjtes related to mineral‘ deposits
in the E‘rzgebirge into an Older and Yf)unger complex. The younger compléx
was further divided into intermediate and chemically specialized
‘grdnites. The implications are that there is a genetic progression from
less evolved to highly evolved mineralized granite, Data from deep drill
holes have, shown that there is a vertnical ;hemical gradient underlying

mineralized areas with least specialized rocka at the bottom of the

hole.

- ~
3

The geocheﬁistry of the peraluminous, South Mountain Batholith

(SMB) in Nova Scotia has been discussed in some detail by Chatterjee et
al. (1983). This batholith is host to the recently discovered Rast
Remptville tin deposits which are located in a lobe of specialized

. granite on the generally steep contact of the granite with the country

o
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rocks (Richardson et al., 1982), again implying an important sidewall
component to magmatic-metallogenic development- of this deposit. Data

from the SMB are summarized in Table 1 and Fig. 2.

A plot of Rb versus K90 for data from the SMB is presented in
Figure 81 and there is a clear distinction between special@?ed and non-
specialized granites. Also shown ‘on this diagram are the data from
various units of the study area, along with data from: the granites.
ad jacent to the greisen veins in the Sage Pond area. Although none of
the regional samples frdm the study area reach the low background.K/Rb
ratio -seen for the SM'Bl specialized granites, data from the S-age Pond
Granite tend towards those ratios., Data for samples adjacent to the
greisen veins overlap, and fill the g:ap between specialized and
' non—specializ.ed granites of‘A the SMi!. Thus data taken in isolation from
the SMB suggests separate processes or origins, whereas comparison to
the datau from the AMMS indicates a continuity of processes, This feature’
along with the gross chemical similarities shown in Table }6, Figures 29
and 30 and the physical aspects of the East Kemptville deposits indicate

that the same processes that were active in generating the AMMS were

responsible for mineralization in the South Mountain magmatic systém.

The author is unaware of systematic chémical data from the
Cornﬁbian Batholith which may be of relevance to this problem. However,
the physical aspeéts of mineral deposition from a magmatic syst'em are
abundant in the form of tourmaline-breccia pipes and stockscheider.

Extensive secondary altération and mobilization may have obscured many

of the magmatic signatures of deposition in this area.







- 338 -

The inferred lower crustal or mantle influenced source for the AMMS
differs significantly from that of the peraluminous 'S~type' SMB where
the protolith is thought to be mid-crustal sedimentary sequences (Muecke
and Clarke., 198i). The processes responsgible for pfimary granitoid
related mineralization may therefore operate independently of source
composition in high-silica granite systems. An important requirement may .
be the development of a magma chamb'er‘ at intermediate to high crustal
levels and the thermal and tectonic stabilization of that magma chamber
for a sufficient time interval to pe;mit the magmatic-metallogenic
proct;ss to occur. For this reason, attempts to appl-y source-related
schemes to either classification or metallogenic interpretations of
granitoid rocks, f:g. with the suggestion that Mo mineralization is
associated with I—tyﬁe and Sa with S-fyp_e (eg. Beckinsale, 1979) are not

considered to be generally applicable.

Hildreth (19?9, 1981) and Mahood and Hildreth (l§83) suggested that
magmatic processe;s of trace element and ore element enrichment also
operate in peralkaline magma chambers -and may generate peralkaline\
magmas. These p;.'ocesaea precede any volatile activity and metasomatic
alteration and may be the reason for the volatile enrichment. Sit!:ila;
conclusions were reached by Drysdall et al. (1985), from a study of

Zr=-Nb-Y mineralized granites in Saudi Arabia.

11-1-5 The Rapakivi‘'Counection

.

The similarify in size,"shape and mode of emplacement between the

AMMS and Proterozoic, anorogenic, rapakivi granites (Bridgewater et al,,
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1

1974) has already been noted and the geochemical signatures of these
granites (Weibe, 1978; FEmslie; 1978, Morse, 1982), and metallogeny
(Haapala, 1985), are similar to those of the Ackley Granite Suite auch‘
"that a common genetic history is implied. In the AMMS, rapakivi textures
were noted in some samples from the Tolt, Meta and Hungry Grove
granites. The Proterozoic rapakivi granites have a range of major oxide
and trace element concentrations comparable to the Ackley Granite Suite
~and to A-type granites jn general (Haapala, 1985), with a mineralogical
range from hornblehde:\biotite granite, to rapakivi granite, to biotite
granite, to topaz-bearing biotite granite. Mineral deposits typically
consist of greisen-associated and pegmatite-aplite type granophile
element concentrations. Total REE conc'entration are similar to those in
_ the southern AMMS (Weibe, 1978) and show almost jidentical Ru depletions
and relative enrichments in HREE. Changes to larger Eu anomaly and

increasing HREE are associated with mineralized granites (Haapala,

1985).

The rapakivi granites are spatially associated with anofthoaice
massifs and related K-rich monzqnite, mangerite and charnockite
(Bridgewater et al. 1972&; Emslie, i978, 1985). Charno.ckites, which are
confined to granulite facies terranes, are high-silica rocks and may
have comparable major oxide and trace element concentrations to rapakivi
graqites. Informaf.ion on the o.rigin of the anorthosite massifs and of
the related rocks may therefore ._:provide insight to the genetic history

A
of the high-silica systems such as the AMMS.'




11-1-6 A Distinct Igneous Province in Wewfoundland?

Distinctive, - ‘evonian-Carboniferous,  post—tectonic, alkali-
feldspar, biot:it.e bearing, high-silica granites in southern and eastern
Nevfound}and are identified in ‘Figure 82 (Tuach and -Miller; In
preparation). The.ae‘granitea all show similarity of texture, mint;.ralpg).'l
and composition to the southeastern Ackley Granite Suite (Strong et al.,
.1974; Strong, 1980; Wilton, 1985; Chorlton and Dallmeyer, 1986, Poole et
al., 1985; Furey, 1985; Furey and 'Strong, 1986;.0'Brien et al., 1986;
Tuach, wunpublished data), The Strawberry and Isle Aux Morts Brook
granites have provided a whole-rock Rb-Sr age of 362 % 15 Ma (Wilton,
1985) 'and biotite from.the Che twynd Granite has provided an 40pr/39ar
age of 372 5 Ma (Chorlton and Dallmeyer, 1986). These ages are similar

.

to those from the southern Ackley Granite Suite (Chapter 8).

It is suggested that the. cross-cutting alkali granites form an
s

igneous province related to a thermal-magmatic pulse which resulted in

Rb-Sr and “40ar-3%r ages between 375 and 350 Ma. Other post-tectonic

v

plutoﬁs such as Kepenkeck Granite, the Middle Ridge Granite (Bell et

A\
al.‘Z77) and the Ironbound Syenite (Chorlton and Dallmeyer, 1986) may

havebeen generated in the same igneous event.

-

11-1-7 Magma-Source Considerations

The controls on the genesis of the large high-silica systems must
be related to the consistent, post-orogenic, continental, tectonic

setting. Previous discussion concerning the Ackley Granite Suite
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focussed on the local features in relationship to the Doyer;Hermitage
Bay Fault zone, However, the similarity of the alkali-granites in the
Late Devonian-Early Carboaiferous ignebus province'in Newfoundland (Fig.
82) provides further insight to the problem. These plutons occur in the
Avalon, Gander and -Dunnage terranes. This implies: 1) all granite
systems evolve to, comparable high-sjlica compositions, or 2) the lower
crustal source is consistent throughout the Dunnage, Gander and Avalon

terranes, or 3) there is a considerable contribution of granitic
< ‘ .
material to the magma systems from a much larger mantle reservdir.

The first alternative is not realistic since considerable variety

in high-silica systems can dévelop (Table 16). An ultimate source from a
!

homogenous lower gfuat may be possible. However, a lower crustal source

which has previéusly undergone melting (Loiselle and Wones, 1979;

Collins et al., }982; Stein, 1985) and has Produced comparable grahites

. i

over such a largb area also seems unlikely since it would require almost

identical geological histories for the different terranes. Partial

melting of a ?érger, homogenous, enriched mantle source, with variable
crustal conta;inatiop (cf. Thompson et al., 1984), possibly accompanied
by metasomat;d trangport of elements from the mantle into the lower
crust (Bailgy, 1980) way provide a more realistic origin for

alkali-feldqpar granites,

been suggested that the anorthosite~rapakivi granite suite
by partial melting,of the upper mantle and lower crust

1985) or that the granites represent melting of the lower




Resolution of the source problem with respect to anorogenic

granites&equires much further work. A comparative study of the
anorogenic granites in southern and eastern Newfoundland may provide

further insights.
11-1-8 Implications for Mineral Exploration

In the Ackley Granite Suite, the observed geochemical trends which
calminate at mineralization imply that it is possible to predict the
direction to significant mineral deposits. The secondary enrichment
trends of incompatible elements to higher and more variable values which

-
are superimposed on the main magmatic trends reflect the mineralization
process, and can possibly be recognized at lower threshold levels. This
is demonstrated in Fi‘gu:re 81 which shows a field reprgaenting the
operative metallogenic system in addition to the field of specialize'd
samples proximal to mineralization. Samples plotting in ‘the operativé
field would illustrate that the g::anir.e system was fertile and a
detailed search for assoc'iated‘specialized. plutons may be warranted.

Regional negative gravity anomalies may indicate areas of thickest

granite, where specialized, roof zone fXcies are most likely to occur.

From a detailed exploration perspective, it has been shown that
highest Rb and lowest Ba and Sr values occur immediately adjacent to the
mineralized greisen and aplite-pegmatite bodies. This provides a
powerful directional in.dif:atqr for the location of such deposits. *hile

’ : . N .
major elements, ¥, U and Th, along with other incompatible elements

(in¢luding the HREE) provide useful regional ‘guides to the possible
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presence of granophile mineralization, they are not as effective in
locating precisely the target of economic interest.

’ ¥

The low F content of tbe Rencontre Lake Granite agrees with
experimental evidence indicating that Mo is not necessarily transported
by fluoro-complexes (Tihgle and Fenn, 1984; Candela and Holland, 1984).
This indicates that regio;al fluorine anomalies ’are' not necessarily

correlated with molybdenite mineralization and may not reflect the

presence of significant Mo.

On a regional scale, the alkaline granites which are shown on
Figure 82, and which are included in the Upper Devonian-Lower
Cgrboniferoua igneous province suggested above, have potential to host
Climax~type and granéphile mineral deposits, The most significant
analogy in the Appalachians, is the Mount Pleasant deposit in New
Brunswick (Taylor et al., 1985). In Newf&undland, most of-these granites
host minor fluorite ;nd molybdenite mineralizétio; (Strong et al., 19742

7

Chorlton, 1983; Wilton, 1984; Poole et al., 1985; Furey; 1985; Furey and

\

~The high LIL tontent of these granites enhances their ability to

Strong, 1986; O'Brien et al., 1986).

rise to high'Ctuépal Ievels.(Strong, 1980, 1981). This in turn eAhances
the possibility of generating hydrothermal'systems in the surrounding
country rocks and provides an environment faQourable for the generation
of epithermal gold-silver deposits: Inde&d, the comhonqassoéiation of F,

B, W, Mo, S§b, etc. with epithermal systems suggests such a relationship,

.~ and is the norm rather than exception (cf. Berger

)
i
‘ ’ . .




and Eimon, 1983), Therefore, areas surrounding the high-level anorogenic

granites and particularly structures intruded by or associated with the
h ' ] .

granites, provide a favourable'gold-silver exploration target.

vy




7

11-2 CONCLUSIONS

5\

1) Petrologicel, geochemical and isotopic criteria indicate that the
study area (the. Ackley Granite of Dicksor‘\,"l983) consists of two

distinct post-tectonmic biotite-bearing granitoid suites. Two separate

icalc-avlkali.ne granodiorite-granite plutons, occupying 450 kmZ, occur at

the western and northeastern extrémities of the study area. and have been

-5 . ‘

named the Koskaecodde Pluton and Mollyguajeck Pluton respectively. The

remainder of the study area has been renamed the Ackley Granite Suite

'

(2,415 km2) and consists of high-silica granites (sensu stricto) with a

N

‘predominance of alkali granites. '

1 . B - . . - .
2) The calc-alkaline Koskaetodde and Mollyguajeck plutons contain

microcline and have minor hornblende’ in the more mafic compofitions.

‘Biotite has a Fe/Fe+Mg ratio of 0.45 to 0.49 and chlorite alteration of

biotite is uBiq‘ﬁitous. An Rb-Sr age of 427 % 12" Ma is essentially in

agreement with ia‘n 40Ar—39‘Ar_ age of 410 * 4 Ma. suggesting a Middle to
Upper Silurian age (Harland et al., 1982). An ifu'.tial. strontium ratio of
0.7092 and estimated & 18‘0'"who’1.e rock ratios of 9.5 to 9.7 per mil,
indieate a significant} crustal component in the geﬁetic evolution of the
plutons, . . :

3) The Ackley Granite Suite has been subdivided into 7 member granites

which are slightly - modified from the units of Dickson (1983).

>

Muscovite-biotite bearing granite to the northwest of a line joining the
Koskaecodde and Mollyguajeck plutons has been called the Kepenkeck

Granite and posaible associated biotite granite has been named the Mount




N\
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Sylvester Granite. Southeast of this line, biotite—granites have been
-named the Hungry Grove, Meta, Tolt, Rencontre Lake and Sage Pond
granites based on'their textural appearance. The Rencontre Lake and Sage
Pond granites, occur in the south, host significant aplite-pegmatite Mo

deposits and greisen Sn-W deposits respectively, and represent roof zone

facies of the Ackley Granite Suite.

Perthitic orthoclase is the dominant feldspar and perrthite textures
coarsen southwards. Minor Fe-rich hornblende occurs in the mosat ;naﬁc
compositions,‘and biotite shows a range of Fe/Fe+Mg ratios from 0.43 to'
0.96. The highest ratios (annite) occur in proximity to the mineralized
al"ea/s. Chloritié alteration of biotite i; ubiquitous in the Rencontre
Lake Granite, in comparison to a weak serit':ife alteration halo around

1 . -
the greisen deposits in the Sage Pond Granite,

Most ‘of the high-silica granides in the Ackley Granite Suite have
anorogen{c 'A-type' affinities with moderate to low 'alumi.na; énd
relatively high alkali“ and incompatible element content, The Kepenkeck
Granite has t;ela‘tively higher alumina content and c-orrespondingly lower
alklai content compared to the rest of the ‘Ackley Granite Suite, and
shows characteristics Gf sedimentary derived g?anites (S~type). 7 >

An Rb-Sr age of 358 % 12 Ma is in agreement with a previousl‘y
published Rb-SrA age. of 349 % 2 Ma (Bell et al, ; 1977) and previous
40pr-39ar ages of about 355 % 10 Ma (Dalimeyer et al,, 1983). New .
40pAr-394r data from throughout the Ackley Granite Suite provide ages of
around. 370 * 5 Ma. The initial strontium ratio of 0.7063 from the

J . v

~
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pouthérn Ackley Granite Su;'.te ‘and the esl;ima'ted 4 Slsp'whole .rock value
around 7-;5-’;5;31" mil in much of fhis area indicate a. lower crustal source
wfc_u- these g.rani‘tés. An ini_l;i.al strontium- ratio of 0.7017 from the
Kepé\nkeck Granite indicates B8source .inhomogeneity or secondary fluid
Vactivity, hlthou’gh the estimdted 5 18y ratios 8.1 to 8.9 indicate a
'mid-cru‘stal ae.diment.ary source, '

4) The petrographic, chemical, isotopic, and gravity signatures of the

- '

Ackley Granite Suite do not define the trace of tJhe- Dover-Hermitage Bay
Fault ibn.e which separates the Gander- and Avalon tectonostratigraphic
terranes.‘_'fhere i”,"fl tent'ati'v‘e" correlation between higher— 8180,
predéminantly sedimentary rocks of the Gander Terrane and a sediméntary
sc.ource for the high- 8 189 Kepenkeck Granite and between lower- 8 180,
predominantly \;olcanic rocks of the Avalonl 'ferrane and lower 6 18,
values in the granites intruding the Avalon Terrgne such that a direct
corre&at'ion may .be construed. The signatures indigenous to. the Avalon
Terrane overlap thevGanderrTerranAe by a distance of 10 to 15 km and
indicate that the Dover—l{ermitagé Fault is steeply dippiné to the
northwest, or that magma derived from the Avalon 'i'ertane flowed into the .
Gander Terrane, These data confirm that movement ceased on the Fault

i . .
prior to intrusionfof the Ackley Granite Suite.

5) The Ackley Granite Suite is steep sided, and varies from 2-8 km
thick. A north-south keel of thicker granite crosses the Dover—}lémitage
Bay Fault at a moderate .angle, indicating that the thermal event

-responsible for magmatic intrusion was independent of the Fault, and

resulted from east-west, post—orogenic extension. Emplacement to high
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crustal levels may have occurred by a process of megablock stoping, or
foundering, of crustal blocks to lower crustal levels and.‘ tectonic
controls over the stoping process may relate to a system of orogen

scale, post—-orogenic megajoints.

6) The & 180 quartz values from the mineral prospects in the Ackley
Granite Suite are similar to those in the host granites, These oxyge;'l
isotope data indicat‘e that the mineral deposits formed from wmagmatic
fluids at magmatic temperatures‘, with posaible minor lower- temperature
meteoric incursions at. a stockwork deposit “in the Rencbnt?e Lake area.
40pAr-39ar ages from secondary muscoviﬁe associated with mineralization
in the Rencontre Lake and Sage Pond areas, are stat-i.sti.cally
indi‘sti_n'guishable from fhe ages of_ their host granites. These data
in'dicat:"e a contemporaneity of magmatic and mineralization proceases.
Fluid inclusion studies ind(icate that the fluids which formed the
aplite-~pegmatite Mo -deposits had a low salinity (< 52 Eq. wt. % Na(}l).‘
These fluids have a homogenization temperature of 350-400°C and umay have
originatg‘,d"ét higher temperatures. In contrast the fluids Efom the Sage
Pond greisens were extremely saline and have Homogenizati.on témperatures
from 100 to USS'O'C. Many bf the latter inclusions may have necked
down or reequilibrated during subsequent cooling, and Alow eutectic

temperatures indicate the presence of Ca and Mg in the fluids.

7) Analysis of the map distribution of major oxides and trace elements

reveals systematic chemical viariations in the Ackley Granite Suite which

t
i s
.
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culminate at the areas of mineralization in\ the Rencontre Lake and Sage

Pond granites. These patterns are interpreted to indicate that> the
-

southern Ackley Granite Suite, and in particular the Hungry Grove and

Sage Pénd granites, represent a frozen equivalent. to the denisi‘ty and

geochemically stratified magma chambers which have been modelled by

Hildreth (1979) as producing large-volume, high-silica, geochemically

stratified ash flows.

8) The model of convective fractionation ‘broposed by Sparks et al,
(1984) accounts well for the observed enrichment of the roof zone of the
magma .chamber in LIL elements and the depletions in Ba and Sr, and also
e).cplains the geochemical trends which are locally. concentrated at thc;
steep walls of the magma chamber. Marginal and roofwards earichments of
the LIL eventually led to volatile exsolution and trans’port to form the
Sn-w—béaring greisens in the Sage Pond Granite. The chemical trends show
greater vatia.bility and greater degrees of enri'chmgnt or depletion’ at
above 74% Sioé, supporting the concept of magma depo].ymer‘izationl and
volatile element éomple;cing in the upper regions of the magma‘;hamber.
Diffusion processes such as those d.iacusséd by Hildreth (1979, 1981) may

also have contributed to the element enrichment and depletion trends.

\‘\/The mineralized areas are spatially associated with the thickest parts

of the granites indicating that depth of the magma ~column may be an
important factor controlling element zonation,

‘ -
°9) The Rencontre Lake Granite has depleted magmatic § 189 values of
4.7 and 5.8 per mil which are interpreted to result from incursion of

meteoric water to the magma chamber. These depletions together with low




fluorine values, abundant physical evidence of water ‘utuution,
disturbed major  and trace element contéur trends and lower incompatible .
element concentrations, when compared to the remainder of the Ackley
Granite Suite, suggest that Rencoﬁ;re Lake Granite .represents)a. portion
of the Ackley Magmatic Meta.llogenic System which crosse;d the solidus,

(ie. underwent resurgent boiling), while undergoing a period of

-

postcaldera-collapse recovery. v

10) High-silica magmatic systems continually mature’ to a chemical, and
c{ensity stratified, equilii)tium state, vwit‘.h the voblati.le ‘and  ore
elements concentrated ‘at the roof of the system. Variations in the
metallogenic V'process in h.igh—silica systems may relate to the dynamic.
“and temporal state of maturity of the system. Topaz-bearing granites and
rhyolites are seen. as the end produfzt of the process. A temporal.
relationship is also implied which suggestsA that aplit*e-pegmatite‘

asgsociated Mo mineralization should precede ' Sn-W-bearing greisen

mineralization. Different sources are not considered to be important to

the generation of the differing styles of mineralization.

11) Important practical‘ considerations to mineral exploration are the
unidirectional enrichments of the incompatible elements, and depletions
in Ba and Sr. The most effective tracer elements being Rb, Sr, and.
perhaps Ba. Fluorine may not be a reliable tracer element for

S

molybdenite mineralization,
’
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APPENDIX 'A: ROMENCLATURE OF THE GRANITOID ROCKS
. -

The objectives of this section are to propose nomenclature .am! to
redefine existing units in accordance with the recommendations of the

North American Commission on Stratigraphic Nomenclature (NACSN, 1983).

.
Y

History of Nomenclature and Defined Areas
John W. Ackley was a-'mining engineer who superviaedcexploration
. - L) -
efforts in the Rencontre Lake area during the late thirties (White,
1939, 1940). The exploration ‘camp on the west side Of Rencontre Lake was

named Ackley City in his honour and'subsequently the adjacent mineral

deposit became known as the Ackley City prospect.

The name Ackley Batholith was first used by White (1939, 1940) to
describe the biotite granites and alaskite in the Rencontre Lake to Long
Harbowr River area. Granitic rocks in the Gisborne Lake and

Terrenceville map arras were included by Bradley (1962), and granitic

rocks as far north as Fogo in northern Bonavista Bay were incluc{ed in

'the batholith by Jenness (1963). Further definition of the Ackley

Batholith in the Belleorum map:area was made by Anderson (1965) “‘;and by
Williams (1971). Granitic rocks in the Gander Lake (west halt) I'I"lflp area

were assigned to the Ackley Batholith by Anderson and Williams (3'1970).

/

The Ackley Batholith (see Figs. IQnd 2) as delineated on the
geological compilation map of the Island of Newfoundland by Williama

(1967), provided a geographic basis for work reported by Sg"rong et al,

/

3
[ 4 /
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(1974) and by Whalen (1976, 1980, 1983). Stroné ;at al. (op. cit.), used
the names Ackley Batholith and Ackley City Batholith im their report.
Whalen (OP? cit)khas used the nar;xe Alckley City Batholith throughout hia‘
work., Bell et al. (1977) refer to the Ackley City Béthé)lith and to the

Ackley City Granite., Clearly, the term Aékley should have precedence

~
)

over Ackley City. __
- ]
bDickson (1983) diyided the area outlined by‘Williams (1967) into
three main plutonic units, which he nfmed the North West Brook 'Cdmplex,
the Fastern Meelpaeg Complex and the Alkley Granite (Fig. 2). He- defined
the Ackley Granite as consisting predominantly of medium to coarse
grained, uniform to porphyritic, massive biotite granite. The North West
Brook and the. East;rn .Meelpaeg complexes' are strongly foliated
granitoids and t]aetasedimentary rocks of diverse composition. The North
[
West Brook Complex is not bounded by the outline of the Ackley Batholith
as shown by Williams (ll967; dashed line boundary on Fig, 2), but
continues along strike to the southwest and can be correlated with
unnamed granitoids and  metasedimentary rocks mapped by Colman-Sadd
(1976). Dallmeyer ;t al. (1983) refer to the Ackley Granite as defined
by Dickson (1983),

-" i |
w ,
In addition to renaming and redefining the Ackley Batholith,

Dickson (1983) subdivided his Ackley Granite into 10 separate subunits

(Fig. 2) on the basis of mineralogy and texture (see Chaﬁter 3).
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Names to Abandon

Ackley has precedence over Ackley City (White, 1939, 1940) and all

4

stratigraphic names usi'ng‘Ackley ‘City should be abandoned.

The names ending in- the term batholith should be abandoned for the
following reasons: (i) A batholith is defined as an area of granitoid
ro;ks larger than 100 km? (Bates and Jackson, 1980) and the name haa
different genetic implications for various workers; (1i) there is no
provision for the term batholith in the recommended stratigraphic code
for Worth America (North American ' Commission on Stratigraphic
Nomenclature, 1983); iii) Ackley Batholith has been used to descriﬁe
huge areas of éranitoid rocks (Jenness, 1963) which are physically and
probably genetically independent of unit which 1is pcurrently

understood to represent the Ackley magmgtic system.
Boundary Revision and Rank Elevation to Ackley Granite Suite

The work reported id this thesis has generally confirmed the
subdivisions of the atudy area which were established by Dickaon {1983),
and has shown the need for minor revisions. Ackley is a well recognized
and accepted name in the literature and should be retained., Accordingly,
‘the Ackley Granite is elevated in rank to the Ackley Qrani;e Suite to
permit naming of t£e subunits,

- .

There are significant arnchemical, geochronological and geophysical

differences within the Ackley Cranite as defined by Dickson (1983), such
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that the h;rnblende—bearing granodiorite to granite plutons in the
western and northeastern extremities of the’granite (The Koskaecodde and
Hollyguéjeck plutons, Fig. 2) may -be unrelated to th; thermal and
magmatic‘pulse which was ;esponsibie for generation of the granites in
the remainder of the study area. The boundaries Of the Ackley Granite

Suite are revised from those of the Ackley Granite (Dicksom, 1983) to

exclude these granodiorite—~granite plutons (Fig. 2).

\‘ 3 3 ) .
The Ackley Granite Suite is now defined as an area of predominantly
poet-tectqnic, hiotite—bggring, anorogenic granites (sensu stricto;

Streckeisen, 1976), which exhibit sharp and discordant intrusive

——

contacts with the country rocks. These granites appear to have been
generated in a large thermal and magmatic event which has been dated by

K-Ar, hoAr—39Ar and Rb-Sp systéhatics to have occurred Qetqeen 350 and

-, P
-

375 Ma..

Except where noted, internal contacts between granites of the

) .
Agkley Granite Suite are approximate, since outcrop is commonly poor and
confined to isolated low-lying ridges. 'In areas with abundant outcrop,

internal contacta are diffuse and gradational.

Granites of the Ackley Granite ,§uite: Names for the members of the

Ackley Granite Suite are presented in Figure 2 and in Table 1. Unit
q . .
deacriptions, unit numbers, and their boundaries are generally those of

Dickson 1983). Mowever, unit 12 is thougﬁt to be composite and best

o




- 382 -

4

asslgnqd to other units (see below). Further boundary revisions may be

necessary in future.

The Mount Sylvester Granite is named after Mount.Sylvester in the
northeastern paft of ihe Ackley GranitegSuite. Additional outcrop aréas
are present to the north of the Kepenkenk_Granite<gﬁfined below. This
granite was formerly ?eferred to as unit 1l1A and consists of gray,

i - - . » ! .
massive, coarse grained biotite granite.
’

The Kepenkeck Granite is a new name for unit 11B which is located
in the northern part of the Ackley Granite’ §uite to the east of
Kepenkeck lake. It conaists‘ of gray;'-massive, mediu& grained,
porphyritic, biotite—ﬁusco?ite granitf. Dickson (1983) noted that there
is a coincident aeroﬁagnegic low associated with this granite and that
it may represent a separéte pluton which has intruded thg Mount

Sylvester Granite.

The Tolt Granite is equivalent to unit 13, and is the eastern
member of the Ackley Granite Suite. This area was initially named the
Tolt Facies of the Ackley! Granite by Dickson et al. (1980), after a
prominent hill in its northern extremity. It consiats of pink, coarse
grained, porphyritic, massive, biotite granite with minor areas of
med ium grained; equigranular, biotite granite, The outrrops exposed on
the Burin Peninsula highway (Route 210), at the eastern margin 6f.the

R .

\ .
granite, are atypical of much of the Tolt Granite and the Ackley Granite

Suite in that they are relatively mafic and contain hornblende.

N
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The YHUngry Crove Granite is 'namea after. Hungry Grove Pond. It
cpnsists of pink, coarse grained, equigranular, biotite granite and is
located in the central and eastern part bé the Ackley Granite Suite
(unit 14). The southeéptern half of unit 12 has chemical, petrological

. , :
and isotopic characteristics which indidate that the rocks are
equivalent go unit 14, and consequently these rocks are included in the

Hungry Grove Granite.

Separate outcrop—éreae of fine grained, variably textured granites
in the Rencontre Lake area and in the Sage Pond area were described as
unit 14A by Dickson. There grel significant .geochemical and possibly
genetic differences between the two areas, despite an overall similarity

in physical appearance and two separate names are required. The

‘Rencontre Lake Granite is locateN in the southwest part of the chley

Granite Suite Aand 18 named afFer Rencontre Lake at its sodthern'mafgin.
It is predominantly a pink to orange, fine to medium grained; miarolitic
biotite granite, Abundant fine grained aplite, and 1local peéﬁatite
patches and occasional stockscheider may be present towards the southern
contact.agd the sigﬂafiéaﬂi molybdenite prospects aré present at the
southern contact. In the northheétern part of this unit, the rocks
contain relatively less silica (70 to 72% versus 72 to. 782) and'may
contain minor ho;nSIendei Variably textured fine grained rocks between
Long Harbour and Gisborne Lake are named The Sage Pand Granite, after
Sage Pond, and hon; massive, quartz-topaz greisen. The Sage Pond Granite

grades northwvardas to the coarse grained Hungry Grove Granite.

A
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The Meta Granite refers to pink, medium grained, equigranular to .

coarse grained, porphyritic, biotite granite, formerl} called unit 15,

The granite is located in the east-central part of the Ackley Granite

Suite and is named after Meta Pond. Very few outcrops are present in

-
- L |

this area. :

N ’

Granodiorite-Cranite Plutons: The Koskaecodde Pluton refers to coarse
d phab:

grained, massive,. porphyritic, biotite-hornblende granodiorite with

-

subordinate granite (unit 9). The Pluton is located to the west of the

"Ackley Granite Suite in the Koskaecodde Lake area. Granodiorite and

granite previously included in the northern half of unit 12 have been

- o

asdigned to this Pluton.

The Mollyguajeck Pluton refers to rocks Llocated to the northeast of

the Ackley Granite Suite, formerly assigned to unit 10, which are

»

comparable to the Koskaecodde Pluton, Part of the contact between the
Mollyﬁﬁajeck Pluton and the Ackley Granite Suite is shown by Dickson
(1983) 'as a north-trending fault and th?'entire contact may be faulted.

The nature of the contact between the Koskaecodde Pluton and the Ackley

' —l

Granite Suite is less obvious and requires further work to permit

.
accurate definition.

-
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: APPERDIX B
SUMMARY OF SAMPLE PREPARATION TECHNIQUES, ANALYTICAL TECHNIQUES,

- PRECISION ARD ACCURACY.

Sample Collection and Preparation
Microprobe Techniques.

quor and Trace Element Ahalyses (Dickeon, 1983)

Instrumeptal Neutron Activation Analyses (Rare Earth Elements, As,

‘ Co, Cs, HE, Sb, Sc, Ta, Th, and U)

Thin Film XRF Analysgs (Rare Earth Elements)

Rb-Sr Annlyséé ‘ ' P
4oAr/39A§_Anatyaea

Oxygen Isotopq Analigés

Fluid Inclusion Techniques




_ 386 - N N -
/ . .
B-1 SAMPLE COLLECTION AND PREPARATION

The rggional rock sémpling program was conducted by Dickson (1983)
on a‘'2 x 2 km square grid foElowing a technique outlined by R.G. Garrédtt
- of the Geological Survey of Canéda. Numerous cells could not be sampled
die to lack of outcrop,'ané details of the projectlare provided by
Dickson (1983). Approximately 2 kg of sample were collected as ﬁreah
chips fromaoutcrop ugihg a sledgehammer, and aifrésh, fist-gized sample
was colle;téd from each sample site. The chips w;re reduced tp ieun-than
5 mm in a‘jgw crusher, and approximately Yoo g8 were powdered to =300
mesh with a ceramic disk pulverizer in preparation for analyses.;Eaeh
hand ‘sample was slabbed, a thin section was prepared, and halél;;s
assigned to a reference collection Aaintained~by the Department of Mines
and Energy in St . John's. The analytical data is ‘listed in Dickson

(1983), and is available from the Newfoundland Department of Mines and

Energy on request.

Samples of granite colleCCed-by the currgnt author from the Sage
Pond are; were of gimilar sizé and were prepared.in the same manner. The
outcrops of greisen are aseverely. weathered and difficulty \was
encountergd in obtaining fresh material. The lithology of. the greisen in
drill core is variable and large contiguous aamples, of an individunl

greisen-type were unavailable since much of the cored material was sent

for assay.

«
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B—2 MICROPROBE TECHNIQUES

Quantitative electron microprobe analyses of minerals in polished

L]

University. In all samples, the largest and best formed crystals were
- r .

analyzed, A three spectrometer JEOL JXA-50A a4utomated electron
microprobe microanalyser vuith Krisel conirol through a PDP-11
l'nini-computer was used for the analyses. Operatil;lg conditions were an
accelerating voltage of 15 Kv, a beam current around 0.022 microamps, a
beam diameter of 1-2 micrometers, and a counting rate of up to 60'.,000

: : <
with a default time of 30 seconds. The alpha corre

© o -

ction program was used

for:« the analyt;es.

4

Acceptable analyses totalled between 98 and 1022 for non-hydrous

r

silicate phases. The analyses of the hydrous silicates were monitored by
frequeﬁt rean;lyuea of t‘he standards, and. were used if the vafues for
the standard were acceptable. Precision is estimated to be within 5% and
accuracy -to be within 10ZX. The.- similarity of values obtained from
bioiite from repeat analys‘es within grains, and between grains in the
same sample, (Appendix C) testify to the validity of the data presented.
In addition, there is good agreement between microprobe analyses and
AA-whole rock analyses iof biotite separates (see Table 6). o

A Hitachi §-570 scann:i.ng electron microscope with a solid state

backscatter detector, and a Trachor Northern 5500 energy-dispersive

" X-ray analyser was used to assist in mineral identificatipn.

Accelerating- voltagecwas LS5 kv.

thin sectiorrs were.performed at the Earth Science Department of Memoria]

P d




B—~3 MAJOR AND TRACE ELEMENT ANALYSES

B~3-1 Amalytical Techniqﬁes

L -
Most major elements, Li, Mo, total Fe as Fej03, and Sn were

determined by atomic absorption Spec'trometry, FeO by titration, Py0s5 was
» .
analyzed. colourimetri.cally, S, COp, and Hy0+ were analyzed  using

.dnfrared detection apparatus, F was -determined by the ion-selective

electrode technique, U by neutron activation analyses, and other trace

elements by X-ray fluorescence. Loss on ignition was determined by

heating samples in a muffle furnace to ’IIOO'C for 2 hours and measuring

.

‘weight loss.

- 3

The X-ray fluorescence analyses were performed on pressed pellets

at the Earth Science Department of Memorial University using a Phillips

1450 X-ray flugrescence . spectrometer with a rhodium tube. U
) ) \ .

)

concentration was determined h& Atomic Energy of Canada Limited and all
other analyses were performed at the Department of Mines and Fnergy

Laboratory in St. John's, The atomic absorption analyses were per formed

on a Varium Model 875 atomic absorption spectrometer with digital

-

readout .
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[}
B~3-2 Detection Limite, Accuracy and Precision

-Estimates of analytical detectiiuklimits, accuracy and precision
with reference to international st¥ndards were: presented by Dickson

(1983). The accuracy and precision of the major elements is estimated to

be within 27, Only those trace elements with an estimated accuracy and °

precision of *+ 5% were used in this thesis. Values for Cu, Ni and Cr
were at and near the detection limit and are not considered useful.

Results for La and Ce were poor and were therefore omitted from the

current discussion.

e

t)
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B—4 INSTRUMENTAL NEUTRON ACi'IVATION ANALYSES

Instrumental Neutron Activation Analyses were perfirmed on 20
samples for the rare earth elements and for As, Co, Ca, Hf, Sb, Sc, Ta,
Th, U, and W, This work was done by Dr. R.P, Taylor at the University

of Montreal, .

B~5 THIN FILM X-RAY FLUORESCENCE TECHNIQUES

Rare earth element analyses were carried out on 14 aatﬁples at Farth
Science Department of Memorial University, using the thin film X-ray
fluorescence technique developed byv Fryer (1977). In this method, 1-2 gm
of sample was leached using HF, .and the resulting” solu;ion was passed
through an ion exchange column. The RFE were eluted by 2N HCl, H9S0, wae
added to remove Ba,> and the sélution was dried on ion exchange paper.

This paper was then ahalyzed on the X-ray fluorescence spectrometer.

The data are accurate within &t |07 or 0.1%, whichever is greater,

B—6 Rb/Sr ANALY.SES .

Rb/Sr analydes were carried out on 14 samples~in the'Department of
Earth Sciences at Memorial University. Replicate Rb and S5r analyses,

sufficient to provide i»btecision of approximately % 0.3% on the Rb/Sr
\ B
ratio, were obtained using standard whole rock pressed pellet X-ray

fluorescence techniques {(computer controlled Phillips " PWI450). The

estimated 2o error for Rb and Sr conceatrations is % 1%. -~

r -
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Aliquots of each sample were dissolved 'i.n HF-HC104 mixtures in
tef'lon beakers, and Sr was’aepararted by standard ion exchange :;xethods.
The separated Sr was loaded as the 'phos;;hate on single\Ta filament;, and
analyeed for 1its isotopic compoaitioﬁ on a Micromass 30B thermal
ionization. mass apectrometer, Data acquisit‘ibn and filament current was

ccaputer controlled, The intensity of the 88Sr beam was maintained

between 1 and 2 volts (Gain 1), and collected in a Faraday 'cup'

detector. --

[ ]
Data were fitted to isochrons using the regression method of York

(1969), with modifications from Brooks et al. (1972). The decay constant

recommended by Steiger gnd Jager (1977)‘,&38Rb = 1.42 * 10-11 yr~!, wvas

used for computation, " ' .

B-7 40AR/39AR DATING

The analyses were performed by Dr. D. Kontac. The 40ar/39% dating
technique (Merrihue and Turner, 1966) has been described in detail by

Da’lrymple and Lanphere (1971),

-

Pure mineral separates were prepared from 11 samples from

throughout the study area using conventional magnetic separation and’

heavy liquid techniques. Samples were double wrapped in aluminum foil

and together with three minerdl age standardy (JC-90) were irradiated
. .

for 60 hours at 2 MWH.in thé McMaster University reagtor. (see Berger

and York, 1979 and Archibald at al., 1983). After  irradiation and

removal. from the sample holder, mineral separates were loaded into

"




tantalun containers, and subject to an 18 hour bake-out at 250°C.
Samples were then fuged in ay stainless steel turret system,  and
analyzed using the mass speétrometer at Queens University. Details of
data collection and reduction, along with correction procedures  for
interfering isotopes, are given by Kontak (1985).

The J.values for the monitors and the “0ar/3%;r Vages‘ have been
calculated using expressions given by Dalr);m‘ple and Lanphere (1971), and
the decay‘ constants and isotopic abundances recommended by Steiger and
Jager (1977); all errors are quoted at the 95X confidence level. The J
values for the moqitor range from 0.,014466 to 0.014629 {(mean of
0.014551—0.5052) in ‘a random fashion, which fndicates that there was no

systematic variation in the flux gradient within the reactor.

The errors presented with the data include the caleulated error in
the J value; ommision of this factor from the error calculation would
approximately ha‘l.f the uncertainty in age. The maximum errors have been

. presented to allow absolute comparison of the results to previous data,
Ommission of the error in the J value is valid for internal comparison

of the data since all the samples were irradiated together.

15—8 OXYGEN ISOTOPE ANALYSES

The preparation, and oxygen ,isotope analysis, of 23 samples from

/

the study area were performed at the Univer;ity of Western Ontario by

Dr. R. Kerrich. Oxygen was extracted from minerals ‘with bromine

S

pentafluoride ' and quantatively converted to CO; prior to mass
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spectrodetric analysis (Claytor; and Mayeda, 1963), Isotope data are
reported as 8180 in per mil relative to SMOW (Standard Mean Ocean

Water). The overall reproducibility of 8 185 whole rock valués has

averaged -0.16 per mil (10’). Analysis of NBS-28 gives 9.8 per mil.

Fractionations or differences in &180 among minerals are quoted

as, defined as: v
O, = 1000 In ,_anba - S
¢

where OC is the fractionation factor for the coexisting minerals A and B.

. Mineral separates were prepared _using conventional magnetic
se‘paration and heav.y liquid t(;chniques. Quartz was igolated from
quartz-feldsparvmixtures by ciigeqtion of the lar_r_etr in HZSiFI6. ‘The
quartz-feldspar mixtures_ were reacted with BrFs first at 250'C— and

subsequently at 6QO'C to oxidize quartz. 8 180 values obtained from
LY

quartz separates and independently from the high temperature reaction
were generally within £ 0.2 per mil,

Composite samples were prepared by thoroughly mixing 2 g powders of

selected samples listed below. The regional Gander sample was collected

by Dr. D. F. Strong and was made_up of a compbsite.of 6 powdered hand

specimens of schistose metasedimentary rocks collected from the Gander

Group at 5 km intervals along the Trans Canada ﬂighéay.




Samples wsed to make up
lithologies are listed below:

GANDER COMPOSITES
G-1 Regional

G-2 Marginal

G-3 Roof Pendant

C~4 Deformed Intrusives

AVALON COMPOSITES

A-1 Marginal
A-2 Roof Pendant
A-3 Marginal

+

53
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composites! representing country rock

Metasediments

Metasediments

Granite

Granite s

Metasediment
Schist

Volcanic rocks

1 Samples preceded by 220 from collection

Collected by D.F, Strong
at 5 km intervals on
Trans Canada Highway.

220648, 220589,

220341, 220110, 220505,
220530.

220131, 220194, 220197

22014t, 220722, 220656,
220234, 220223

220120, 220455, 22020
JT-106B 220134, 220220

© 220115, 220392, 220594

220399

1940302, 1940295,.JT-65,
JT-487

of L. Dickson. Samples

preceded by 1940 from collection of S. 0'Brien.

¢




B~9 FLUID INCLUSION TECHNIQUES

N

Doubly polished wafers were prepared for optical examination of

fluid inclusions. Relative ‘phase volumes in the fluid inclysions were

estimated from optical study. Heating gnd ffeezing of the fluid

inclusions were performed in the Farth Science Department of Memorial

University wusing a . Chaixmeca: heating-freezing stage. Ideally,

temperature measurements with this stage are possible within % 0.2°C,

but the small size of the inclusions léad to errors in the order of 1

degree for freezing, and 0.5°C for freezing temperatures. Inclusions

vere not heated above a temperature 500°C.
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APPENDIX C

REPRESENTATIVE ELECTRON HiClOPROll ANALYSES OF MINERAL PHASES

i

AEEZ%DIX c-1: Representative‘electron microprobe analyses and structural
formula of feldspar. ,

SAMPLE NO. 7040024 7040024 7040024 1220087
No Anal. 1 1 ‘ 2 1

Type K-Perthite " Na-Lamellae Plag K-Perthite

Major oxide (weight percent).
8109 . 65.90 72.02 72.44°
Al,03 17.40 19.79 19.73
Fel, 0.07 0.11 0.04
ca0 0.00 0.00 0.28
Nay0 . 0.62 . 12.28 - 10.86
K30 14.73 0.11 0.21

TOTAL 98.73 104.35 ‘ 103.57

No. ¢ cations on the basis of 32 oxygens.

12.216 12.059 12.151
'3.803 j.sa7 3.902
0.01 0.015 0.006
0.000 0,000 - 0,050
0.223 3.987 3.533
3.484 0.024 . 0.045

»

Mole proportions,

6.01 97.37
93.99 1.2 ©®
0.00 1.39




APPENDIX C-1: (Cont.d)

SAMPLE NO. . 1220087 1220087 7040232 7040237
No Anal., - -1 1 5 2

Type . Plag-core Plag-Rim Plag Plag

Major oxide (weight percent), _ _
. x a3
- 810, 66.05 67.94 70.59
Alg03 22.39 20.72 19.64
Fel, - 0.01 0.03 0.04
Ca0 2.30 0.48 . 0.39
Na,0 10.68 11.80 12.54
K20 10.28 0.18 0.18

TOTAL 101.81 101.36. 103.52

No. of cations on the basis of 32 oxygens.

11.443 11.776 "11.974
4.574 4.235 - 3.928
0.001 0.004 0.006
0.427 0.089 0.071
3.588 3.996 &.125
0.062  0.040 0.039

1

Mole proportions.

88.0l1
1.52
10.47




APPENDIX C-1: (Cont.d)

SAMPLE NO. 1220257 1220438 1220438 . 1220438
No Anal. 2 L 1 1

]

Tyge Plag . Orthoclase Plag—Core Plag-Rim
Major oxides (weight percent),

5i0, 66.71 64.79 65.
Al,04 20. 64 18.94 22.
FeO, 0.09 0.10 0.
ca0 1.47 0.06 2.
' Nag0 11.33 1.91 10.
K0 . 0.48 ~13.91 0.

TOTAL 100.75 : 99.88 ‘101.

No. of cations on the basis of 32 oxygens.

919 11,387
.108 4.598
015 0.026

11.674 : 1
4.259
0.013°

3.845
0.107

.681 . 3.457
.265 0.179

b4

1
4
0
0.276 0.012 0.486
0
3

Mole proportions,

90.94
2.54
6.52




APPENDIX C-1

SAMPLE NO.

No.Anal,
Type

: (Cont.d)

1220450
) 1
Plag~-core

- 399.-

1220450
1
Plag~Rim

Major oxide‘(wéight percent).

SiOZ
Al,0,
FeOt
Cal
Nay0 ¢
K20-

TOTAL

Si
Al
Fe
~ Ca
Na

’ 67.54
20.03
0.03
‘0.48
11.98
0.15

100.50

11.826
4.135
0.004
0.090
4.068
0.034

Mole proportions.

Ab
Or
An

97.05
0.80
2.15.

\

71.64
18.65
0.08
0.23
11.33
0.18

102.10
’

4

12.215
3.749
0.011
0.042
3.746
0.039

97.88
1.02
1.10

]

1220464
1
K-Perthite

67.41
18,51
0.08 "
0.07
3.58
11.88

101}6}'

"No._of cations on the basis of 32 oxygens.

12.068
3.907
0.012
0:013
1.243
2.714

31.31
68.36
0.34

\

1220464
2
Plag

. 65.97.
21.66
0.13
2.22
10.43
0.83

©101.40

11.512
4.457
- 0.019
0.415
3.529
0.185

85.47
4.48
10.05
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APPENDIX C-1: (Cont.d)

SAMPLE NO. 1220523 1220523 1220523 1220548
No, Anal. 1 1 1 1

Type Microcline Plag-Core Plag~Rim Perthite

Major oxide (wéight percent).

. Si0y 66 .71 - 57.76 61.57 66.36
h Al,03 o 17,78 26.04 24,05 19.44
* ' Fel, - 0.03 0,18 0.06 0.07
ca0 0.00 8.96 . 6.49 0.04
Na,0 0.24 5.95 8.81 2.52 o v
~ Kg0 14.96 0.17°¢ 0.21 12.99
\ ) . TOTAL 99.71 99.07 101.23 - 101.41

3
i

No. of cations on the basis of 32 oxygens,

R .
Si 12,222 10.430 = 10.864 11.934
s Al 3.841 5.544 ! 5,004 4,122
Fe o . 0.005 0.027 0.009 0.011
‘ Ca 0.000 1.734 1.227 0.008

Na. 0.085 2.084 3.015 0.879 .
K - 3.497 0.039 - 0.047 2.981

Mole proportions,
. % ) , ,
Ab o 2.38 : 54.03 70.28 22,72
e . *0r 97.62 1.02 1.10 77.08
An. 0.00 44.96 28.61 0.20

kS
v
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APPENDIX C-1: {(Cont.d)

/"J SAMPLE NO. 1220548 .1220664 - 1220664 1220664 1220701
/ ) No.Anal, 2 1 1 2 2 .
’ Type Plag K~-Perth. Na-Lamellae Plag Microcline

Major oxide (weight percent).

’

§i0, 65.76: 66.93 68.41 67.45 65.27
. . ALy03 . 22,42 19.23 21.39 21.43 18.86
Fed, 0.12 0.01 0.00 0.03 0.07
Ca0 2.62 . 0.02 L 1.25 1.39 0.00
Nay0 10.30 1.87 11.57 11.15 0,92
K0 0.44 14.05 0.48 0.48 15.71
* TOTAL 102.02 102.25 103,21 102.06  101.02

No. of cations on the bagis of 32 oxygens.

& Si 11415 11.987 11.674 11.640 . 11.944

Al 4.589 4,061 4.304 4.360 . 4,069

Fe 0.017 0.001 0.000 0.004 0.011

Ca 0.487 0.004 0,229 0.257 0.000

. Na 3.467 0.649 3.829 3.731 . 0.326
) 3.211 0.105 0

K - 0.097 .106 3.668

.Mole proportions. °

]
Ab ©85.57: 16.81 91.14 8.17
Or : 2.41 83.09 2.58 ° 91.83
.t An 12.03 0.10 6.28 0.00
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APPENDIX C-1: (Cont.d)

SAMPLE NO. 1220701 1220701 : 1220701
- No.Anal. 1 1 12 Anal-7 Grains
Type Plag-Core Plag—R}m Plag. 1

Major oxide (weight percent).

= |

X

510y 58.06 59.22 59.63  1.03
Al304 27.05 26.58 25.35 1.28
Fel, 0.05 0.09 0.11 0.05-
ca0 8.54 7.62 .53 0.77
- NazQ 7.38 7.82 7.76  0.45
K40 ~0.08 . 0.07 0.11 0.04 .

TOTAL 101.30  ° 101.54 100.59 1.41

No. of cations on the basis of 32 oxygens.

-

Si 10.301 10.451 10.593
Al . 5.659 5.531 5.334
Fe 0.007 0.013 ' 0.016
Ca 1.624 1.441 1.440
Na 2.539 2.676 2.686

K ’ ’ 0.018 0.016 0.025

Mole proportions.

Ab 60.73 64.75 64.70
Or 0.43 - 0.38 . - 0.60
An 38.84 34.87 34.70
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APPENDIX C-2: Electron microprobe .analyae;.la1 and structural formulde of

biotite.
Sample No. 1220015 1220023 1220087 1220089 1220092
\ No. Anal,. 2 2 2 3 2

Major oxides (weight percent).

510y 37.68 37,48 36.48 36.37 38.21
d - TiO, 3.93 3.50 2.25 3.01 3.20
Aly0; ' 11.85 12.19 16.91 ° 16.91 14.02
FeOp 23.98 23.83 18.94 18.19 18.88 !
Mn0 0.48 0.67 0.82 0.646 - 0.4l
Mg0 9.27 ) 9.21 8.64 9.71 11.97 3
Cal» 0.00 - 0.02 0.00 - 0.00 0.00
Na,0 0.07 - 0.05 0.10 0.09 0.04
‘ K@ 8.89 8.68 9.42 . 10.03 8.61
"TOTAL 96.18 95.63 93.55 94.98 95.33

No. of cations on basis of 22 oxygens.

Si 5.826 5,822 5.661 5.560 '5.776
ALY 2.160 2.178 2.339 2,460 2.224
Alvi - 0.055 0.755 0.608 0.275
Ti 0.457 0.409 0.263 0.36 . 0.364
P : Fe 3.101 3,096 2.458 2.926 2.387
y Mn 0.063 0.088 0.108 0.083 0.053
Mg 2.136 2.133 1.998 2.212 2.697
Cu ‘ - ©0.003 -, - -
Na 0.021 0.015 0.03 0.027 - 0.012
K 1.754 1.721 1.865 1.956 1.661 -

XANN 0.59 0.59 0.55 0.51 0.47

1 Mean (X) and standard deviation (3) are given for samples with more

than three analyses. .
2 Partially chloritized - best total selected for presentation.
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APPENDIX C-2: (Cont.d)

Sample No. 1220099 12201382 1220165 1220178 .
No. Anal. 1 1 2 2
¢ Major oxides (weight percent). . )
$i0, 37.66 33.38  * 39.18 = 37.45
Ti0, 2.46 2.43 2.77 2.77 —
Al,03 . 14.59 14,47 12.77 16.50
FeOp . 19.24 20.28 17.68 18.09
Mn0 0.45 0.45 0.83 0.63
Mg0 L 12023 12.47 13.29 10.05
Cad 0.01 0.08 0.00 -~ 0.08
Nas0 * 0.02 0.12 0.13 0.09
K0 9.70 7.00 9.13 8.43
TOTAL 96.44 90.75 95.79 94.01

No. of cations on basis of 22 oxygens.

.372 5.889 5.704

Si_ 5.682 5
ALY 2.318 2.628 2.111. 2.296
ALV 0.278 0.118 - 0.152 0.667
Ti . 0.279 0.294 0.313 0.317
Fe ~ 2.428 2.730 2.223 2.304
Mn ‘ ©0.058 0.061 0.106 0.081
, Mg 2.750 2.992 2.978 2.281
Cu 0.002 0.014 - 0.013 -,
Na 0.006 0.037 0.038 0.027 -
K 1.867 1.438 1.751 1.638 ,
XANN 0.47 "0.48 0.43 0.50 '

2 Ppartially chloritized.




APPENDIX C-2: (Cont.d) ) ° .
SAMPLE NO. 7040231 . 7040237 ,1220257(2) 1220266
No. Anal. ‘ 4 5 -1 3

Major oxides (weight percent).

’

X 8 X 8

$i0, 39.36 1.21  37.55 0.96 " 32.33 37.05
. © Ti0, 1.50 0.32 1.82 0.02 1.20 3.38
Aly04 19.92 0.26  18.53 0.17 16.63 11.60
FeOr 20.32 1.77  24.00\ 0.61  -31.69 27.35
P Mn0 1.29 0.09 1.52/ 0.06 1.58 " 0.69
Mg0 0.82 0.04 ~1.24 0.24 2.82 7.38
Ca0 0.00 0.01 0.02 0.01 .0.05 0.05
Na,0 0.17 0.08 0.18 0.05 0.12 0.12 ,
Kq0 8.76 0.18 8.29 0.17 5.84 ~ 8.00 |
TOTAL 92.36 0.61  93.18 0.28 92.26 95.67

No. of cations on basis of 22 oxygens,

Si_ - 6.127 5.929 5.396 5.845
AllY 1.873 2.071 2,604 2.155
ALV 83 . 1.379 0.668 0.003

Ti ) 0.176 0.216 0.151 0.401

Fe 2.646 3.170 4.424 3.609

Mn ‘ 0.170 0.203 0.223 0.092 '
Mg 0.190 \ 0.292 0.701 1.735

Ca - \\\ 0.003 0.009 0.008

Na ¢ 0.051 . 0.05% 0.039 0.037

K . 1.740 . 1.670 1.244 1.615
XANN - 0.93 0.92 - 0.86 0.68

2 Partially chloritized,




APPENDIX C-2: (Cont.d)

SANPLE NO. 1220288 1220331 1220353 1220363
No. Anal, . 3 2 ’ 9 2

Major oxides (weight percent).
x s

.02 .93 37.16
.88 . 3.59
.80 . 13.16
19.30
N 0.56
.79 . ‘ 12.13
.01 .0l 0.03 .
.15 .12 0.10 :
.20 A 8.03

95.63 .68 94.06

No.'of cations on basis of 22 oxygens.

5.784
2.174

.905 5.717
.095 2.283
.989 0.105
.261 0.415
.384 2.484
130 0.073
.770 - 2.782
.002 0.005
.037 0.030
.122 1.576

0.456
3.282
0.087
2.047
0.002
0.045
1.635

0000 WOO NWm

"0.62 0.81 0.47
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APPENDIX C-2: (Cont.d) -

SAMPLE NO. 1220397 1220429. 1220438 1220443 1220450
No Anal. _ 2 3 2 3 2

Major oxides (weight percent). ’ R

Si0; 38.79 38.89 38.36 36.81 . 38.18
Tio, 3.89 3.38 3.82 3.24 2.25
Al,04 11.59 11.67 - 12.18 12.28 15.01
_Felp . 22.28 22.46 20.22 25.34 24.81
MnO o 4 0.71 + 0.80 0.69 0.72 1.27
mgG 9.42 . 10.40 10.16 8.26 4,70 ‘
Cal ) 0.00 0.00 0.05 0.00 0.0l g
Najy0 0.27 0.08 - 0.11 0.18 0.18 ‘ ,
K,0 9.06 8.08 - 8.79 8.12 8.87

* ' TOTAL 96.02 95.76 - 94.74 95.00 95.46

-

"No. of cations on basis of 22 oxygens. .=
‘

Si 5.957 5.954 " 5.925 5.796 5.946
AlLY 2,043 2.046 2.075 2.204 2.054
AlVi 0.056 0.06 0.143 0.077 0.702
Ti 0,449 4.389 0.444 0.384 0.264
Fe 2.862 2.876 2.612 '3.338 3.232

. Mn 6.092 0.104 0.090 0.096 0.168
Mg 2.156 2.373 2.339 1.939 1.137 .
Ca - - 0.008 - 0.002
Na 0.08 0.024 0.033 0.055 0.054 -
K 1.5 1.578 1.732 1.632 1.763
XANN. 0.57 0.55 0.53 0.63 l 0.74

\
‘ N *
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(4
N APPENDIX C-2: (Cont.d) . -
SAMPLE NO. 1220456 1220464 1220506 1220523
No. Anal, 1 2 3 4
P .
) Major oxides (weight percent,.
%
x s
' 5109 © 40.42 37.35 37.86 36.88 0.65
TiO0, 3.31 3.64 3.94 © 3,55 0.51
Al,03 11.71 11.62 12.82. 13.80 0.31
FeOT 22.59 30.05 19.20 19.50 0.53 T
MnO 0.72 0.53 0.7 0.66 0.07
R Mg0 10.22 4.73 11.21 11.22 0.24
Ccal 0.00 0.04 0.02 0.02 0.03
Nas0 0.07 0.08 0.13 0.15 o0.10
K90 8.30 8.01 8.36 8.06 0.52
TOTAL 974.34 96.05  94.31 93.89 1.04
No. of cations on basis of 22 oxygens,
a
Si 5.803 5.929 5.816 5.696
- ALY 1.982 2.071 2.184 2,304
A1Vl 0.000 0.104 0.137 0.209
Ti* i 0.357 0.435 0.455 0.412
Fe 2.441 3.990 2,467 2.519
Mn 0.088 0.07F * o0.1i00 0.086
Mg 2.187 1.119 2.567 2.583
Ca 0.000 0.007 0.003 0.003 ’ .
Na 0.019 0.025 0.039 0.045 i '
K 1.520 1.622 1.639 1.588
IS
XANN 0.53 0.78 0.49 0.49
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APPENDIX C-2: (Cont.d) ~

t
i

.SAMPLE ¥O. 1220542 1220548 * 1220557 1220560 1220603
No. Anal, 1 2 1 1 . 1

Major oxides (weight percent).

§i0, 38.19 38.13 36.29 37.48 35.53

Ti0, 3.21 2.54 3.63 3.45 0.00

Al,03 12.47 12.37 12.96 12.04 19.35

FeOp 24,36 24.05 28.11 23.03 25.26

MnO . 0.75 0.88 0.72 0.77 1.09

Mg0 B.46 8.18 5.21 9.27 0.66 -

Ca0 0.00 0.00 -0.00 0.00 0.05 -
Nap0 0.14 0.17 0.01 £.33 0.25

K0 8.75 8.0? 7.93 8.45 6.77 ,
TOTAL 96.33 94.38 94.86 94.82 88.96

'

No. of cations on basis of 22 oxygens,

Si: 5,611 5.978 5,463 5.585 5.880
ALY 2.160 .2.022 2.300 2.116 2.120
AlVL 0.000 0.265 0.000 0.000 1.656

Ti 0.355 0.300 0.411 0.387" -
Fe 2.694 3.154 3.185 2.583  3.497
Mn 0.093  0.117 - 0.092 0.097 0.153
T Mg . 1.853 - 1.912 1.169 2.059 0.163
~ Ca 0.000 - 0.000 0.000 0.009
Na 0.040 0.052 0.003 " *0.095 0.080
K 1.640 1.614 1.523 1.607 . 1.430
XANN 0.59 0.62 0.73 0.56 0.96

>=




>

APPENDIX C-2: (Cont.d)

SAMPLE NO. 1220604 1220664 1220694 1220697 1220701
No. Anal. 1 2 2 1 8

Major oxides (weight percent).

\

Siog - 33.82 35.66 36.05 37.13 0.59
Ti0y . '2.79 2.69 2.62 _ 3.12°50.30
'Alg04q 11.63 15.54 13.27 . 14.16 0.41
FeQp - 29.75 30.32 26.07 . 19.40 0.52
Mn( 1.16 .00 0.77 . 0.37 o0.08
Mg0 “4.30 79 ¢ 5.72 - . 11.48 0.38:
Cal 0.12 .01 0.02 0. 0.01 0.01
Na,0 0.04 A7 0.16 " 0.06 0.03
K40 6.14 .23 8.29 ° . 8.67 0.20

- X 8

POTAL - 89.79 95.40 95.40 94.51
{

No. of cations on basis of 22 oxygens.

L1777 5.720 5.832
.223 2.280 2.168
.119 0.659 0.363
.358 30,325 0.319
.250 .068 3.528
.168 .136 0.106
.095 428 1.379
.022 .002 “0.003
.013 .053 0.050
.338 .684 1.711

5
2
0
0
4
0
1
0
0
1

.80 0.90 0.72

=]




: | Cl g4 - v
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APPENDIX C-2: (Cont.d) ’ .
SAMPLE No.- 1220716 1220732 .

No. Anal. 2 1

Major oxides {weight percent).

5107 40.43 36.96
. Ti0, 1.39 -2.44
CAlp0y - 19.39 15.85
: FeOry 17.45 24.10
' Mn0 . 1.05 1.64
Mg0 - 4.05 © 4.99
Ca0 0.02 -0.01 >
Naj0 . 0.26 0.23
K20 8.12 8.32
TOTAL 92.26 94.54

No. of cations on basis of 22 oxygens.

Si, 6.166 5.80l

AlLY 1.834 2.199 ,

ALVL 1.652 0.734

Ti ' 0.159 - 0.288

Fe , 2,226 3.164

Mn 0.136 0.218 ,
Mg 0.921 1.167 ,

Ca 0.003 0.002 :

Na 0.077 0.070

K , . 1.580 1.666

XANN 0.71 0.73
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'APPENDIX C-3: Electron microprobe analyses and structural formula of
chlorite. , . ‘

. , B .

SAMPLE XNO, 1220087 1220138 1220257, 1220268 1220286

No. Anal, 1 1 . 1 1 2

Major oxides (weight percent).

5i0, 26.80 29.62 23.15 28.25 27ﬂl14
Tio, 0.06 0.06 0.04 0.16 0.71
Al,03 19.44 16.67 20.75 16,78 16.79
Ferp 25.09 24.31 41.69 30.18 - 34.87
' ¢
MnO 0.87 0.59 2.61° 7 .55 0.84
© Mg0 ©13.52 16.97 0.68 9.32 5.90
“ Ca0 -0.00 0.02 0.00 0.09 0.10
Naj0 0.01 0.00 0.00 0.06 0.03
K0 0.00 0.00 0.00 0.37 0.15

TOTAL 85.79 87.25 88.92  85.79 86.51
p

No. of cations on the basis of 28 oxygens.
. . Id

5.465 6.226 . 5.350 6.256
4.674 .884 4.831 3.925

- .000 ©0.822 0.455
.008 .008 0.006 0.026
.851 .274 8.058 5.589
.150 .105 0.511 0.103
.100 .317 0.234 3.076
- .005 - " 0.021
.004 - - 0.025
- - - . 0.104

.48 .45 : 0.65




APPENDIX C-3: (Cont.d)

§AHPLE NO. 1220331 © 1220438 1220456 1220560 1220571
No. Anal. 2 1 1 1 1

Major oxides (weight percent)}

§i0p .,  26.14 27.83 32.80 27.45
Ti0, 0.37 0.00 0.32 b.04
Al0, 19.30 16,73 16.97 21.15
Fep 34.65 25.45 - . 26.75 30.48
MnO 1.41 0.71 0.86 0.80
Mg0 2.88 15.54 15.18 10,33
Cal 0.11 0.15 0.18 0.04
Nay0 0.08 0.13 0.00 0.00
Ko0 0.79 0.13 -0.04 0.04

TOTAL 85.74 86.45  92.92  90.33

No. of cations on tﬁe basis of 28 oxygens..

Si, 5.992 5.964 6.128 5.377
ALY 4.189 4,217 3.738 4.804
AlVL - 1.027 0.008 0.000 _ 0.081
Ti 0.063 - 0.044 0.006
Fe 6,643 4.56] 3.762 4.493
Mn 0.273 0.128 0.136 0.132
Mg 0.983 4.963 4,226 3.016
Ca 0.026 0.034 0.035 0.008
Na 0.035 0.053 - -

K © 0.231 0.035 - 0.010

Xfe . 0.87 0.48 A 0.60
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APPENDIX C-3: (Cont.d)

} b
SAMPLE NO. 1220603 1220604 1220697
No. Anal. i 2 . 2

Major oxides (weight percent).

510, 26.05 24.22 26.05
Ti0, 0.0l 0.06 0.02 -
Al,04 17.23 18.39 19.11.
Fep 40.94 39.13 23.80
Mn0 0.49 0.93 0.75
Mg0 1.10 5.08 17.00

, Cca0 0.07 0.02 0.04

- Na,0 0.18 0.01 0.02
Ko0 - 0.23 0.01 0.02
TOTAL 86.34 87.88 87.70

No. of cations on the basis of 28 oxygens.

Si 6.113 5.549 5.528
ALY 4.069 - 4,632 4.653
AlVi 0.698 0.336 0.129
Ti 0.002 0.010 0.004
Fe 8.035 7.498 4,225
Mo 0.098 0.180 0.134
Mg 0.384 1.734 5.378
SLa 0.017 6.005 0.008
Na - 0.081 0.00% 0.007
K 0.068 0.003 0.005
Xfe 0.95 - 0.81 0.4%

)

[$%

. .,s‘.”
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APPENDIX C-4: Electron microprobe analyses and structural formula of
hornblende from the Ackley Granite.

SAMPLE NO. 1220015 1220092 1220099  1220-138-1 . 1220-138-2
No. Anal, - 2 ° 2 .3 1 2

Major oxides (weight percent).

Si05 45.21 46.57 45.43  45.96
. TiO, 1.32 0.96 1.43 1.39
Al,03 7.09 7.56 - 8.03, °. 8.00
FeOr 21.84 16.35 _ 16.61 16.71
MnO 1.08 0.55 7 0.69 0.71
Mg0 8.09 11.90 11.23 11.30
Ca0 10.43 11.66  * 11.19 10.86
Nd,0 1.75 1.09 1.28 1.45
K40 0.97 0.74 0.94 0.85

~ TOTAL 97.81 97.36 97.02  97.24

- "

No. of cations on the basis of 23 oxygens.
si. 6.947 6.963 ° 62865 - 6.901
ALY 1.053 1.037 1. 135 '1.099
ALVl 0.232 0.293° 0.296 0.307
Ti 0.153 ° 0.108 0.163 0.157
Fe 2.807 2.045 2,099 2.099
Mn 0.141 0.070 ° 0.088 0.090
Mg 1.853 2.652 2.529 2.529
Ca 1.718 1.868 1.812 1.747
Na - 0,521 0.316- 0.375 0.422
K" 0.190 0.141 D. 164 0.167

Xfe 0.60 0.44 0.45 0.45




. -

APPENDIX C-4: “(Cont.d)

SAMPLE NO, 1220464 1220678 1220701
‘No. Anal. - 3 1

Major oxides (weight percent).

43,74 46.00 46.39
1.17~- 1.32 0.8%
7.11 7.89 8.30

28.00 16.02 17.67
1.3 -,  0.55 0.57
4.31 '+ 11.58 10.84

10.09 11.25 9.79
2.14 1.06 0.99
0.98 0.92 0.95

98.89 95,76 96.47°

No. of cations on the basis of 23 oxygens.

Si, .876 6.721 ©7.007
ALY 124 1.279 0.993
AlVY . L194 0.080 0.485
Ti .138 0.145 0.101
Fe .682 -1.762 2.232
Mn .178 0.068 0.073
Mg .010 © 2,522 2.440
Ca - 1.700 1.761 1.585
Na 0.652 0.300 . 290
K . 0.197 0.172 - 0.183

Xfe 0.79 041 0.48

L




APPENDIX C-5: Electron microprobe analyses and structural fromulae of
‘muscovite-sericite', '

SAMPLE No. 7040024l 1220087 1220089 70402142 70402321
No. Anal. 2 1 1 1 2

Major oxides (weight percent).

45,62 48,53 45,69 46.91
.56 0.89 1.25 0.06
20.56 31.97  30.49 "32.41
.30 3.83 3.75 3.24
.46 0.00 .  0.04 0.06
1.05 0.82 0.12.

0.00 0.00 0.00

0.45 0.43 0.21

7.83 9.98 9.04

94.55 92.45 92.07

No. of cations on the basis of 22 oxygens.

6.694 6.421 6.349 6.4 +4 6.671
1.306 1.579 1.653 1.556 1.329
T 2.251 3.409 3.342 3.694 2.945
Ti 0.062 0.089 0.131 . 0.006 0.039
Fe 1.141 0.381  0.436 0.372 ©0.787
Mn 0.057 . 0.001 0.005 0.007° 0.034
Mg 1.021 0.207 0.170 0.025 0.449
 Ca 0.002 0.000 - - -
Na 0.083 . 0.155 0.116 0.056 0.055
4 1.771 1.322 1.769 1.585 1.744

Xfe 0.53 0.65  0.72 0.94 0.64

I Granite samples in close proxinmity (€200 m) to mineralization.
Greisen, : o

o

-
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APPENDIX C-5: (Cont.d) =
" SAMPLE NO. 704028542 - 70402892 1220178 1220331 1220332
No. Anal. | 1 1 2 : 1
Major oxides (weight percent). ‘ v ‘
510, 49.49 - . 47.70 48.26 W38 s
" Ti0, 0.18 . 0.09 0.50 0.16 0.21
Al,03 24.85 30.32 29,65 . 25,50  25.47
~ FeOp 4.10 R % 5.17 6.66 7.07 .,
. MnO 0.09 0.24 0.03 0.43 % 0.22
Mg0 4.05 0.09 1.52 1.98 2.36 ‘
ca0 0.00 0.02 0.01 . 0.0l 0.00
Na,0 ‘ 0.08 0.1l 0.26 0.12 0.16 .
K0 9,32 9.135 8.54 . 8.87 9.13 :
\ : .
TOTAL 92.16 92:02 . 93.94 93.12 92,6‘2”\‘

No. of cations on the basis of 22 oxygens.

si, . 6.858 6.598 6.492 6.862 " 6.738.
ALLY ‘1,142 1.402 1.508 L.158 1.262
ALVi 2.918 3.543 3.19 3.007 2.936
Ti 0.019 0.009 0.051 0.017 0.022
Fe 0.475 0.478 0.523 0.772 0.827
Mn 0.011 0.028 0.003 0.050 0.026
Mg . 0.836 0.019 © 0.305 0.400 0.492
Ca : e = 0.003 0.001 10.001 -
Na 0.021 0.030 0.068 0.032 0.043
K 1.648 1.650 1.466 1.568 1.629
Xfe 0.36 0.96 0.63 0.65 0.63 '
2 Greisen. /
/ )
: ‘ \
- /
' 4
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APPENDIX C-5: (Cont.d) .
SAMPLE NO. 1220363 1220697 1220716 1220732
No. Anal. 1 2 1 1
. Major oxides (weight percent). - N
$i0, 46.47 45.57 42.65 46.86
‘ TiO, 0.11 , 0.l4 1.21 0.24
Al501 o 216469 25.58 21.97 26.69
FeOr ‘ 6.35 5.05 12.20 6.57
Mn0 . 0.01 0.00 0.63 0.25
Mg0 1.38 2.08 3.49 -~ -1.28
Ca0 1 0.00 0.00 0.03 0.00
Na,0 0.25 0.18 0.30 0.20
K40 9.80 9.37 9.35 8.58

TOTAL. 91.16 93.01 91.84 90.71 - \

y | P

No. of cations on the basis of 22 oxygens.

si, . 6.630 6.679 6.331 6.669
ALY 1.370 1.3211 1.669 1.331
ALVL 3.119 3.099 2,176 3.147
Ti 0.012 0.015 0.135 0.026
Fe 0.758 .0.619 1.515 0.782 _
Mn .0.001 - - 0.079 0.030 .
Mg 0.293 0.454 0.772 0.272 :
Ca - - 0.005 0.000
Na 0.069 0.051 0.086 0.055
K 1.784 - 1.752 o 1.771 1.558
Xge 0.72 . 0.58 0.66 0.76
- ’ '
.
-
2 \
L_’ ‘%
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Sample No.

Oxide (wt.X)

SiOz
A1203
Fe,03
FeO
MgO
Ca0
Nazo
KzO
TiO,
MnO
P20s5
LOI
TOTAL

HpO
S
CO»

Element (g/t)

Li
Be
F

v

Zn
Ga
Rb
Sr
Y

Zr
Nb
Ag
Ba
Pb
Th
U

- 491 -

Major and trace element composition of samples of fine to

“medium grgined,equigrhnular,weakly porphyritic granite in

the Sage Pond area. All samples preceded by Department of
Mines and Energy code 7040.

-~

114 116




APPENDIX D-2: (Cont.d)

S
Sample Wo.
Oxide (wt.X)

5102 ”
A1203
F6203
FeO
MgO
Ca0
Nay0
K70
TiOz
MnQO
P05
Lok
TOTAL

H20
S
€O,

Element (g/t)

Li
Be
F

\'s

Zn
Ga
Rb
Sr
Y

Zr
Nb
Ag
Ba
Pb
Th
8)

‘178

76.5
12.20
.05
.79
.06
.23
3.43
5.51
.17
.03
.02
.64

99.6

36

.26
14

68
1113

17

21
T
61

77
.10
20
i3
82

553

187

77.5

11.95
.31
.57
.08
.13
.45
.19
.19
.03
.01
.59

\CL It}

100.0

A
.01
12

77
10
348

17
19
569

79
.20
32
19
69

66

- 422 -

207

78.0
11.65

.02

.50
.02
.17
3.80
3.87
.12
.02
.08
.66
98.9

.50

.01
.09

23
746
15
22
407

49

81 -

.10
i3
36
36

14

214

75.5
12.45
.18
.69
.04
41
3.90
4.94
.16
.03
.02
.75

99.1

42
.01
.09

87
15
2060

13
666
111

95

.10

23
92
13

21<

75.1
12.25
.62
.51
.03
.52
3.72
4.90
.12
.02

.91
98.7
.45

.00
.07

123
4127
11
24
147
145
99
.10

88




. APPENDIX D-2: (Cont.d)

Sample No. 231

Oxide (wt.X)

SiOZ
A1203
Fe203
Fe0
MgO
Ca0
NazO
K20
Ti02
MnO
Py05
LOI
TOTAL

Ho0
S
€O,

Element (g/t)

Li
Be
F

\Y

Zn
Ga
Rb
Sr
Y

Zr
Nb
Ag
Ba
Pb

U




APPENDIX D-2: (Contsd)

Sample No. , 249
Oxide (wt.Z)

SiOz 77.7
FeqO4 .64
FeO .53
MgO .10
Ca0 " .21
Nazo 3.28
KZO 4.99
T102 .21
MnO .03
P20

LOY

TOTAL

H20
S
co,

Elemen‘t (g/t)

Li
Be
F

v

Zn
Ga
Rb
Sr
Y

Zr
Nb
Ag
Ba
Pb
Th
U




APPENDIX D-2: (Cont.d)

S:&ple No. °
Oxide (wt.Z)

' 8i0y
A1203
Fe203
FeO
MgO0
Ca0
N&zO
K20
TiOZ
MnO
P205
LOI
TOTAL
H,y0
S
CO, ~

Element (g/t)

Li
" Be
F
\'
Zn
Ga
Rb
Sr
Y .
Zr
Nb
Ag
Ba
Pb

il

1292,

76.2
11.95
.03
.88
.07
.55
3.40
5.00
.21
.02
.03
~94

99.3

A
.10
.06

111
i3
5064

13
21
66

139

72°

.10
26
10

294

76.3
11.75
.04
.80
.08
.56
3.60
4.98

.20

.02
.02
.88

99,2

.45
.08

- 425 -

.10

95
27
4752

18
19
569
112

78
.10

16 .

13
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APPENDIX E

' CORRELATION COEFFICIENTS

- Appendix E-1: Table of Spearman non-parametric correlation coefficients
. (x 100) for oxides and elements of samples from the
Rencontre Lake Granite (N = 46). Correlation coefficients
at less than the 90% confidence level are omitted.

5109
5i0; . Alg04
A1203 -81 F8203 . . .
Fep0q =42 46 FeO : .
FeO -70 71 . Mg0
Mgo -68 77 46 63 Ca0
ca0.  -75 88 43 - 79 82  ~  Nay0
Nag0  -62 77 31 M 45 73 K40
K90 -45 .59 29 .28 57 48 . Tio,
Ti0, = -75 84 53 67 94 85 52 61 MnO
MnO =72 70 60 48 79 68 3 36 83
Py0s, -68 79 44 61 82 79 53 59 83 76
Lor’ . . . . . 20 - . . . . 23
Li . . . 23 . . 34 32 . .
Be . -22 . -22 -3 -28 -40 =37 .
F -45 34 . 62 34 41 37 . 38 35
v -56 49 27 57 51 56 4l 3% 51 40
Zn -51 36 41 37 39 so 22 23 44 53
Ga . .o . o . 36 =27 . .
Rb 55  -60 40 -60 -66 -67 -39  -49 -73  -48
Sr ~ =70 - 713 39 58 78 79 39 64 82 68
Y . . 20 . . . . -48  -19 A
Zr -74 72 30\ 79 65 84 60 39 74 56
Nb 43 -45 ~25 -26 -57 -4l . s47 =57 ° =36
Mo -25 27 . .29 . 22 . 23 27 .
Sn . 30° -40 . =27 =53 -45 .. -40 =50  -40.
Ba -70 71 35 60 76 78 41_ 60 8l 62
Pb - 39 -35 . 45  -40 -41 =33 . -40  -25
Th 52 =53 -31 -42 -63 -53 -22 -60 -63 =39
U 57 -67 -39 -57 68 63 -42 .61 68 45




E-1: (Cont.d)

Pa0s
Lot
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Appendix E-1: (Cont.d)

Sr Y v
Y Zr . .
Zr . N N
) 44 =35 Mo
Mo . 32 -, ' " Sn
Sn . =36 37, ~ Ba ‘ |
- Ba ~25 86 -56 25 =52 . Pb
Pb . -53 60 . 41 ~-48 =41 Th
Th 47 ~-55 79 . S0 -74 ° =41 - u
U . 33 =54 50 -19 .53 -64 - 43 79
e
o .
* .
', 1
\ »
)
¥
-
¢
'




Appendix E-2:

SiOz
Al303
Fe203
Fel
Mg0,
Ca0
Na,0
K20
Ti02
MnO
P205
LOI1
Li

, Be

Zn
Ga
Rb
Sr

VA 4

Mo
Sn
Ba
Pb
Th
U

$i0g

-78
-37
=51
-69
-62

-4

-26
=72
-52

=68 .

-30
16
22

44

-2

18
47
~57
34
=42
41
20
-54
47
44
55

Table of Spearman non-parametric correlation coefficients

(x 100) for oxides and elements of samples from the
Hungry

Al90,

22
56
67
68

57
27
62
62
67 .
27

_28

41
34
-42
45
=33
34
-38

42
-33
-42
=46

Feq03

-25
20

®
« 17

27
24
17
-20

35
16
-32
.38
24
36
=26
~-22
40
-37
-26

Grove

e

and

FeO

29

~p6

-4]
-45

v

Sage

Mgb
78 .

15%
89
62
80
25

.15

-38
40
22

-15

~-49
62

-38
37

-44

=20
58
-37
=50
-52°

Pond

granites
Coefficients at less than the 902 confidence  level are’
omitted for clarity. i

Nazﬂ

-18

(N =

'TiOZ

-47

T =31

53
-47
-51

56

96).

MnO

62
20
15
726
34,

-18
26

24

.24
-16
-25 -
~28
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Appendix E-2: (Cont.d)

MnO P70s

P05 Lol
LOI

Li -3 .,
Be =32 20
"F 16
v 41 18
Zn ' 22 23
Ga =21

Rb -53

Sr 62

Y 42

Zr 38

Nb -50

Mo .

Sn ~26

Ba 57

Pb =45

Th =56

U ~-62

. ]’\'
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Appendix E-2: (Cont.d)

Y "Zr.

‘Zr - Nb

Nb . Mo -

Mo . . Sn

Sn -16 28 . Ba .
Ba 66 . =52 . =27 Pb

Pb =42 7 47 . 36 -41 ~Th

Th -42 47 . 36 -4] 39 B

U -21 66 . 15 -64 40 72
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Appengix E~3; Table of Spearman non-parametric correlation coefficients
(x 100) for oxides and elements (including REEs) of

samples from the Hungry Grove, Sage Pond, Tolt, Meta, ‘and
Southwest Mount Sylvester Granites (N = 1] for most ¢
correlations; N = 9 for correlations with W).
Correlations at less than the 902 confidence level are

omitted for clarity.

Sample Numbers = 220187, 220332, 220377, 220416, 220462, 220468, 220501,
220502, 220664, 220707, 220720, 220721

v SH O
Si02 Al;03
A1203 -89 Fe203 -
Fe03 =80 74 Fe0 ,
FeO . . MgO
MgO -44 . 52 70 Ca0
CaQ . . . 79 82 Nap0
Na,0 -60 77 43 . . . K50
K90 -62 =57 =55 TiO,
TiO, . . 85 84 82 . -72 MnO
MnO -53 59 Lo 52 58 . A -60 75
Pbs =80 69 61 56 74 60 -46 63 56
LOI . . . . 47 .. . ) 45 .
H,0* -72 70 73 56 79 55 44 -60 63 61
S . ' 51 -57 .
€0, . . . . .
Li 43 -73 . . -73 . . -46
Be . . . =49 ] ~45 43
F 50 -61 . . . . -53 . . 71
V- -61 54 52 82 86 85 . -59 85 60
In . . 47 . . 52 -69 56 '68
Ca . -53 -83 -59 46 . -61 .
Rb . . . -85 -86 -83 75 -94 -76
Sr -76 75 160 .58 79 61 -62 74 77
Y . . . -77 -87 -75 ) 47  -80 -62
Zr -82 68 69 . . . 48 . . .
Nb . . . -59 =75 -6l 82 -18 -75
Mo . . . . . . . .
Sn . . -81 ' -65 =67 77 -82 -71
Ba -4 . . 7395 77 -71 91 69
45 . -61 -72  -51 61 =66 -61
La . . . . . . -61 . .
Ce . . . . -64 . . .
Nd 67 -55 . . . . . .
Sm . . -7 -63 -76 . -67 .
Eu . . ] 57. 81 6l -71 81 64
() ; . -73 -82 -75 . 56 =73 -64
Ho . . . -81 -86 -78 81 ~90 -72
Yo . . +=78 -84 -73 63 -87 -74
) Lu J . . -76 -B6 . =74 . 61 -86 -72
As -71 89 . . . 77 . . .
Co" -87 95 87 79 92 8l -69 93 81
Cs 43 -56 . . . . . . -51




Appendix E-3: (Cont'd)

SiOZ‘

Kf .
Sb .
Sc -75
Ta

Al703 Feq04 Fe0

53 49 61
. =17
. -19
. -81 .
=54

- 433 -

MgO

70
-69
=77
~72

Cal .

63
=70
-69

=50

Nap0

T10

42

76

~-17
_35
~-78

o

2 MnO

56
-63
-74
-76

- -67




Appendix E-3: (Cont.d)

MnO P705

P20¢ . Lot
. Lot . H,0*

Hp0* 82 44

S . . .

COz

Li

Be

F

v

Zn

Ga

Rb

Sr

Y

ir

Nb

Mo

Sn

Ba

Pb

La

Ce

Nd

Sm

Eu

Tb

Ho

Yb

Lu

As

Co

Cs

HE

Sb

Sc

Ta

Th

v

W
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Appendix E-3: (Cont.d)

Zn Ga

Ga Rb

Rb 64 Sr

Sr -58 -79 Y

Y ° 89 87 -71 Zr

Zr . . 42 . . Nb .
Nb 66 83 17 78 . Mo , *
Mo . . . . .’ . Sn

Sn 53 82 -79 75 . 85 59 ~Ba

Ba . -80 -88 83 -86 . -88 . ~81 Pb

Pb 71 73 -8l 72 . 70 57 71 -77 © La
La . .. . . . .o . . .

Nd . . -62 . . . . . . . .
Sm 70 76 =48 86 _ . 62 . 67 62 60

Eu Y 74 72 A . 82 \ -72 90 -71

Tb 89 81 -~68 95 . 87 . 71 -85 81 .
Ho . 67 98 -83 90 . 96 ) 89 -93 74

Yb . 82 9] 77 96 . 89 ) 87 ~90 76 .
Lu . 85 «+ 91 - 717 97 . 89 ] .84 =91 77

As . . 66 . 77 . . . . . .
Co . -60 =95 81 =-70 76 -66 . -59 79 -66

Cs . . ~46 . . . . . . . .
HE 63 43 . 58 60 75 61 62 -56 -55

Sb . . . . . . . . . .

Sc 45  -62 71 -54 72 .. . ~56 71 =57 .
Ta 69 83 -69 87 . 89 45 92 -8l 65 -
Th 78 89 -66 96 . 81 . 80 -82 69 .
U 67 80 -64 80 . 74 . 77 79 62




Abpendix E-3: (Cont.d).

La Ce

Ce : Nd
Nd . 65

Sm . .
Eu 58
Tb . R
Ho

Yb

Lu

As

Co

Cs

Hf

Sb -

Sc

"Ta

Th

U

W

Abpendix : (Cont.d)

Cs Hf

HE

Sb . Sc

Sc . S Ta
Ta 62 . .

Th 59 - -58 72
U . .. =58 57
w .




INNA ANALYSES AND XRF ~ REE ANALYSES
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APPENDIX ¥

Trace element and rare earth element data. W -~ INAA from
p ‘Whalen (1983), X-XRF data, I - INAA data.
Sample No. 6 -~ 14 98
Source W X X W
Sc 2,60 . 2.10
Co . .
As .
Sb . . .
Cs 3.80 . ‘ 2 3.50
La 29 9.53 21.97 19
Ce 38 25.42 44,14 35
Pr . 3.41 3.08 .
Nd 8.00 13.81 12.64 12.00
Sm -+ 2.50 3. 14 2.39 2.80
Eu .30 .91 .74 .19
Gd 1.70 3.40 2.00 3.20
Th .52 .34 .
Dy . 3.38 1.34 .
Ho . .90 .71 . 1,40
Er . 1.97 1.02 .
Yb 3.10 1.75 1.56 5.00
Lu .54 .51 .89
HEf 3.70 . 6.20
Ta 5.30 6.40
W . .
Th 40.00 v . 69.00
U 26.00 . . 20.00 +
Rock type/ Aplite Pegm. Peg. Aplite
Location Ackley Ackley Ackley Ackley
City City City City
/
|
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APPENDIX F: (Cont.d)

Sample No. 156 462 468 220061 220081

Sou;ce W . W W 1 I

Sc 4.40 4.20 1.50 5.40 7.81

Co . . . 22.53 66.12

As ' . . . 2.58 .

Sb . . . .42 .70

Cs . 6.90 5.50 6.60 - 15.40 10.60

La : 49 42 69 ’ 36.5 28.5

Ce 91 107 133 . 63.5

Pr . . o . " . .

Nd 40.00 42.00 48.00 . 26.90 “
Sm : 8.10 9.00 9.70 5.43 5.50

Eu 1.06 1.08 .70 .82 1.25

Gd . 7.30 7.40 7.00 . .

™ S, . .. .61 " .74 -
Dy ) . . . . .

Ho 1.80 1.80 1.90 . 1.04

Er . . . . .

Yb : 5.20 6.50 6.10 2.17 2.50

Lu . .82 1.00 .93 .33 .36

Hf 6.10 5.70 4,90 4,42 4.01

Ta 4.50 3,60 - 2.90 2.63 1.11

W , . . . . . .
Th ) 27.20 25.00 40.00 19.20 19.80

U 5.40 3.10 5.60 ., 5.05 5.09

Rock type/ Gran. * Tolt Hungry Molly. " Molly,

Location Rencon. Gran. G.Gran. Plut. Plut.
: - Lake
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APPENDIX F: (Cont.d).

Sample No. 220094 220187 220332 220354 220377

Source I I L L 1

Sc ' 4.29 4.25 2.93 7.91 2.24
Co 2.61 2.56 .45 6.85 .82
As 2.01 . . . .29

Sb .34 1.20 .33 .61 .16

Cs 10.70 3.46 8.24 6.15 - 4,72
La ’ 24.1 42 53.7 . 37.3 25.3

Ce o 97 103.2 82.6 .

Pr . . ./ . v .

Nd . 37.60 45.90 38.30 .

Sm 3.14 6.03 9.75 7.27 4.40
Eu .43 .69 A4 1.37 /Y
Gd . . . . .

Tb v . YA 91 - 1.96 1.00 .84
Dy . . . . .

Ho . .91 3.27 1.02

Er . T . . .

Yb 1.59 2.43° 12.90 2.91 5.20
Lu W24 ‘.36 . 2.05 .45 .80 ..
HE . 3.17 5.78 6.59 4,86 4,25
Ta '1.82 1.36 5.05 1.03 2.64 . <
W 1.66 . 5.74 1.74 2.23

Th 13.20 23.30 64.10 22.50 28.30

U 5.78 * 3.35 10.10 4.16 5.66
Rock type/ " Kep. Meta ~ Sage P. Kos. Tolt R
Location Gran, Gran.  Gran. Gran.  Gran.
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APPENDIX F: (Cont.d) ] t

Sample No. 220416 © 220501 220502 220523 220604
' Sourgce 1 1 I 1 I

Sc 5.39 4.13 3.75 10.80 1.99 . e

Co 3.16 2.36 - 2.17 8.90- .97

As .62 .66 . . . .

. 3 A7 .32 - .55 . 1.00 .53

Cs 5.81 8.06 5.87 13.00 3.27

La N 62.2 . 36.6 54.8 49.30 31.1

Ce 134,6 . 101.9 137.30 78.0

Pr . . . . .

Nd 46,50 . 39,20 56.50 36.30

Sm : 7.82 5.38 6.72 12,60 ~ ° 7.21

Eu .56 .75° .59 1.79 .75

Gd . R . . .

Tb 1.13 .75 1.05 1.93 1.09

Dy . . . . . : .

Ho - 1.83 . 1.41 2.00 1.56

Er . : . . . " .

Yb 5.61 4,08 5.34 4.72 4.92

Lu .89 _ .63 .85 .69 .80

HE - 2 7.08 5.71 4.89 9.21 . 5.89

Ta 3.08 1.95 2.18 2.50 1.57

W B 1.09 1.29 4.16 . .73

Th 30.70 28.60 35.00 25.50 20.70 !

U 4.18 3.28 5.88 4.03 4.43

’ ) ' '
Rock type/ Tolt Mt.3yl. Mt.Syl. Kos. Ren.L,
Location Gran, Gran, Gran. Gran. " Gran,




- 441 -

APPENDIX F: (Cont.d)

L

Sample No. 220605 . 220642 220664 220697 220701
Source 'L L | & I I
Sc 3.92 3%63 1.81 11.00 16.70
Co - .80 1.34 D7 9.31 16.00
As : 42 ) 2.3 1.1
sb 43 .15 .97 .27 .10
Cs 4.53 3.33 7.26 - 4.37 4.80
La 36.3 57.8 C47.4 34.70 33.1
Ce 59.7 134 .4 121.8 75.30 69.3
Pr . . . . .
Nd 21.70 54.30  47.00 35.30 * 36.80°
Sm | 3.45 . 9.55 8.72 6,78 7.34°
Eu .63 .77 .19 1.03 2.48
cd ) . ) . )
TH .61 1.25 1.46 71 1.0l
Dy . . . . . .
Ho .86 1.62 1.98 .95 1.13
Er . . . - . .
Yb 3.00 4.97 6.33 2.48 2.07
Lu .59 .86 1.05 .33 .30
CHE 3.31 6.19 6.21 6.07 6.00
Ta 1.31 1.44 2.81 1.08 . .06
W . . 1.26 .57 T Lo
Th 24.70 19.10 36.90 11.90 7.60
U 5,44 3.48 4.57 1.75 1.84 "")
Rock type/ Ren. Ren.L. Hun. Kos. Kos.

Location Gran. Gran. G.Gran. Plut. Plut.
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APPENDIX F: (Cont.d) ™ , '
Sample No. 220707 220720 220721
Source o1 : L , I >
Sc .96 2.41 2.00
Co .56 . .
As .39 1.9 . .16
sb . : © .20 .84 . .35
Cs - - 6.38 5.01 "6.84
La = 38.7 21.9 . 71.8
Ce ‘ - 92.5 " 150.2
Pr . L. .
Nd ) . . 39.50 46.80
Sm 7.03 11.70 - 9.32
Eu .22 .01 .32
Gd ', . . = R
™ - . 1.37 '3.07 1.29
- Dy , N Co.
Ho . s o . 7.94 2.14
Er . e . . .
Yo 9.30 "28.40 7.00 .
.Lu . 1.48 5.15 - 1.05
_Hf 6.76 12.70 76.35
Ta 3.29 15,20 4.75 .
w 2.8 . .61 12.00 :
Th . 62.80 79.30 60.40 T
U 12.10 |, ' 31.10 8.51 N
Rock type/ Hun. Sage P. Sage P, N
Location "G.Gran.  Gran. . Gran. :
#
,\ _




APPENDIX F:

N

Sample No.
Source

Sc
Co
As
Sb
Cs
La
Ce
Pr
“Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Yb
Lu
Hf
Ta
L
Th

- U

Rock type/
Location

(Cont.d)

221151

X

14.92
37.34
3.31
13.06
2.90
.34
«3.26
.60
3.36
.38
2.44
3.24

Q-T
Gres.
Turner
Pond

221153

X

40.84
97.99
9.76

33.89

7.49
.72
5.89
.76
2.86

Q-T
Gres.
Anesty
Ridge

443 -

221160

X

" Bleach-

Gran.
Wyllie
Hill

221161

X

Bleach-
Gran,
Wyllie
Hill

221162

X

Gran,
Motu




APPENDIX F: (Cont.d) .

Sample No. 221163 221165 221170 221171 7040013

»Sourcg- ’ X X X X . X

Sc
Co
As
Sbh

Cs ' -
La ’ ) ’ “.:Fqg
Ce _ 15.6

Pr 1.45 -
Nd 5.47
Sm - 1.46
Eu . . .09
cd ) 1.25 -
T . . ) .09
Dy : ' . } 1.37
Ho : .19
Er
Yb ’ .96
Lu : . §
. HE

Ta

W

Th

U

Rock type/ Gran. Q-T
Location Turner Gres.
?ond , Anesty

P
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APPENDIX F: (Cont.d)
Sample No. © 7040022 7040024 7040223 7040229 7040289
Source : X SQ I 1 1
Sc . . - 1.30 1.80 5.50
Co . . 111.60 83.60 1.60
As : . . 1.10 1.20 6.40
sb . . .08 .05 .07
Cs . . 5.00 .06 9.30
La 19,28 23.51 17.4 1.47 S4.1
Ce 50.66 61.48 39.1 2.85 123.3
Pr . 5.08 6.26 . . N
Nd 18.08 22.95 17.70 1.30 ° 44.30
Sm 3.96 5.59 4,40 .35 8.60
Eu .46 .72 .26 .06 a7
Gd 3.80 5.74 . . . ’
Tb .80 1.27 .90 .15 2.43
Dy 4.87 ° 7.21 . . .

- .Ho ) .75 1.23 1.63 .25 2.52
Er 3.79 5.26 ‘ . .
Yb 4,34 6.51 5.76 1.34 7.55
Lu N . . 17 .15 1.03
Hf . . 4,70 6.80 - 7.30
Ta . . . 13.10 13.70 7.90
W . . 1083.00 798.00 1380.00
Th' . . 16.30 4,80 78.10
U . . 4.20 2.90 18.60
Rock type/ Ser. Sage P. Q-T Q-T " Q-T
Location Cres. Gran. Gres. Gres. Gres.

ESSO ESSO Anesty Anesty ESSO

, ) Ridge




APPENDIX G: Fluid Inclusion Data. FI - Fluid inclusicn. Vis. Melt - temperaturs of first visible melt (eutect 1c); Tm = liquidus temperature; ThV -
temperature of homogeniszation to vepour; ThL - tempersture of homagenizetion to liquid; TS|, ThSy, ThS) - melring teaperatures of sulnd
phases; Decrep. - tespersture of decrepitation of fluid inclusion.

. Crow Cirff ~ Dunphy Brook areas ) (

Semple No, Locat1on Description Type Preesing . Heating
\ XL XS | Vis. Melt ™ ThSy | ThS,

3

cc 1 Crow Clff Quartz from pegmatite 70 -19.2 -0.3

: . 80 -i6 -0.6
75
9%

Dunphy Brook Quarte frowm pegmatite a0
: 20

90
10
85
70
70
90
93

JT-461 Crow Claff Qusrts from pegmatite L 3]

r
EGN 643 Crow ClLLFf Quartx from pegmatite too small

N

FCN 646 Dunphy Brook Quarts from pegmatite

’

ZGH 6128 500m North of Dunphy Brook| Quarts 1n miarolitic
cavities R
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APPENDIX G:(conc'd) )
L 3
Dunphy Brook - Wyllie Hill - Motu = Ackley City
Sample No. Locatwon Description fl Type Freesing Heating
~ - Lv IL XS | Vis, Melt | Tm [ -ThV Thi ThE, | ThS; | Thsy | Decrep.
EGN 618 400m North of Dunphy Brook| Miarolitic quarts in ¢ 5 93 307.3
= aplite ‘ 15 8% 3u8.3
\____ ‘ 15 83 358.5
e
: L 40 60 378.8
5 19 36%.0
, 15 85 . 369.6
" 15 85 302.0
10 90 187.9
EGN 626 Uyllie M1l ,,’_Ounnn veln too swall
JT 318 Wyllie Rill Quarte eyes in microgran. too ewall
JT ITRA wWyllie Wil Altered grlnité too amsll
JT 380 200 @ North of Wyllie Hill} Quarts veln too small
JT 336 Motu ' Cranite north of showving 25 78 293.9
. 5 93 120.0
. 40 60 362.0
2 98 130.0
. S5 95 122.8
. 5 95 142.0
50 .50 355.1
TGN 611 Ackiey City Quarts in fine gr. gran. too emall
EGN 632, Ackley City Quarts i1n pegmstite too small
FECN 640 Ackley Cuty Quarts in musc. greisen too swmall st }
JT 369 Ackley Crty " oo " too seall E !
. d ; {
JT I Achley Caty Quarts in quartz-cslcite 10 90 3%6.1 '3 !
veln 20 80 -13.4 - &, 371.2 | |
75 15 \! ) 1 ! i 390
.10 90 jaie | ! ;

- LY -




APPEWDIX C:(coont'd)

Aéhlay Cicy

Sseple WO .

Daecription

Freanin,

Vie. Melt

Te

Jr 381

Ackley

Acklay Crty

Ackley City

Ackley Crty
Ackley City
Ackley Caty

Ackley City 200 » North

Ackley City 200 » NW

Ackley City 250 m NW

GQuartz-calcite vein

Quarts veia, Mo _blaebe

Quarts in pegmatite vith
asplitic margin

vith Mo in vugs
in pegmatite
in vug"®

vein

‘too swall

too emall

-10.9
-20.8

too emall
too small

too emall

- 6.0




APPENDIX G:(cont'd)

Big Blue Hill Pond ares - Franke Pond - Long Harbour areas
Sample No. Location ' Descraption FI Type Freering Heat inp
IV XL X8 | Vis. Melt Tm Thv Thi Ths,; ThSy; | ThSy | Decrep.
JT - 329 SE end Big Blue Hill Pond | Beryl i quartg-bary! pod 298 - 6.6 0.6 i76.2
. : : . " 199 -20.4 - 0,0 164 .2
’ - 2 98 210.0
' 70 30 3715.2
40 60 350.0 .
50 350 J61.5 . -
40 60 343.2
10 90 ) 226.1
: $5-49 373.6
‘ 33 48 . 371.9 f
' =~
- quarte strained - £~
V-
JT - 352 Franke Pond Ouarts in pegmatite 199 ~66. 1 -29.6 84.2 : ) !
‘ 199 &} -23.9 89.2
199 -38 ~24.6 89.7 )
‘. 1 99 88.8 ., ’
39 12,7 . ' -
. . i9 : 131.1
\/ 30 70 264.2 .
25 715 - ’ 24%.0 :
JT - ) Franks Pond Quarte vein with Mo too smail-
e -3 Long Harbour area .| Miarolitic quarts 20 80 . 322.2
e 20 80 . 174.7
- A 20 80 ' 3K0
122251 Lun' Hacbour eres s too swall
1222582 Long Harbour erea Miarolitic quarts 40 60 -55.>7 ) ~13.6 I 3%
5 ' : 5 95 38
.. . 10 %0 280
30 70 359
15 8% ’ 38)
25 73 382 )
J 20 80 3% . ’
| 45 53 - 1 a01 - .
. - ,’K




APPENDIX G:(cont’d)

Long Harbour grea - Bsso Core/Trenches

Sawple No.

Locst 1on

Deecription

Freezing

Hestang

Vie. Melt

Tm

ThS) ™S,

122286

122370

122450

11264)

112719

Long Narbour sres

Long Harbour areas

Long Harbour area
Long Karbour ereas

Long Recbour area

Miarolitie quarts

v

-10
-1
-30.8

-l4.7

-26.0

-13.2
-27.6
-15.64

DOR AG-3 at 35.7 feet

DDR AC-) &t 29.0 feer




APPENDIX G:(cont'd) K

Eawo Core/Trenches (cont'd) -
Sawple No, Location Deecription F1 Type Freexing Hesting
. IV IL 1§ | Vie. Melt ™ ™V Thi Ths; | Th§; | ThSy | Decrup.
30 30 ' s17.7
2 98 -26.2 - 8.1 380.6
199 -28 - 6.6 66.5
177 22 166.7 3469 .
80 20 285.5
JT,- 14 DDH AG-) at 17.0 feet Quarts in Gretsen 20 20 60 - 282 JoO : 454 ’
— ‘ . : 10 30 60 : 215.2 5% 199 450
. 5 8% 10 e 198 23R
, - : 10 40 50 . 366 LY 370 390
10 90 231 13 I
80 20 . | as0 s
S 60 35 | . 153.3 1868 Yl.4| 316.1) 300 w
15 85 400 -
. $S 43 150 |
JT - 15 ODH AG-) at 36.0 feet oo " too sesll
JT - 16 DDOH AG-3 et 30.0 feet R " too emalt Il N
Jr - 17 DDH AG-) at 45.5 feet ° " " 'S5 95 -25.1 -14.8 . 297.8 T e - .
- 5 95 : 290 = | 437 T
A . 290 8 150.6 2114 e
- 50 10 . Lok 4
30 30 411.9 {
. 5 9% -10.8 -3t io192.8 ' i
s 93 221.6 . !
5 80 15 402.90 500
73 25 4983
60 40, : 500
JT - 22 | DOW AC-3 st 25.5 feet " .o too emall
Jr - 13 DDPM AG-S at 50.0 feec Quarce in sericitic gres. 10 30 60 169 190 [RL) - !
. l } N
JT - 2% pOM AG-S at 57.0 feet Quarts in kaolia~greieen too swsll i ‘
l JT - 26 DON AG=S at 200.0 feet Quarts veih i gramite too swall .
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APPENDIX G:(cont'd) -
5 Eaeo Cores/Trenches - Anescty Gresien . .
Semple No. Locat ion . . Deecription rl Type Freezing ] Heating
Iv IL X8 | Vis. Welt Tw Thv ™L ThSy | Ths, | ThSy | Deceep-
L JT - 156 Treach 23 Quarts in greisen 5 95 -146.5 0.} 2643
; 5 95 359.0
395 . 27 .
60 40 44
20 80 313
' 50 50 420
1080 10] -9 o’ 768.6
40 40 321.2
JT - 163 Trench 5% " o 295 31 -32.5 -21.9 s, 6 la. & 126.2| 3734 \
297 1} -32 -15.8 92 =
49 50' 1 ~22.2 =-1t.9 180 4%0.? w
. NN
JT - 168 Trench 13 " "o ) too emall |
JT - 169 [Trench 35 . " b 2 98 -10 0.8 1%3.4
. \ S &S 10 2264.) 302.5) 379 391
< . 59 5 267.5
30 70 -17 -4 424
2 83 15 248 3N -
296 21 177.2 3?2
50 50 -20.2 0.1 435
221165 Anesty Masin Greisen Querts in greieen 15 65 20 297.8 862.6| 306.9 416
10 80 !0 . 291.12 190.8
13 70 15 25%5.8 210.6
. 10 80 10 3.0
JT - 138 Anesty Main Greisen ” " " 20 70 10} -40 -22.2 650 404,6| 558
2 78 20 ~46.9 -26 300 490
. i 2078 21 =36 © 1232 360
: 10 7% 13 | -46.7 -32,0 406 270.)
JT - 226 Anesty Main Greisen " " " 1S 85 ~20 0.2 338.2
90 i0 3l
20 8O 3iL.6
] 10 90 ' . 315.6
) 10 30 368.2
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APPENDIX G:(kont'd)

Anesty Greisen Cont'd
Sample No. Location Description Fl Type Freemin Heat ing
v 1L XS Vis. Melt Tm ThV Thi ThS) ThSy .| ThSy Decrep.
40 60 . 406
7% 23 3R2.7
R . 60 40 9.3
= 298 -30,5° 0.0 P
25 715 -28.7 - 3.4 306.9
10 90 179.1
2 98 . 276,2
2 9% 3 N 212.6 280.5%
10 40 30 224 .1 147.64] 282
13 35 38 256.9 158,13 31% 320
: 10 40 %0 220 109.8] 313.6 ’
10 50 40 232.2 162 3is8.$
5 95 ~16.9 0.3 214 1
10 40 50 . 229.5 129 320 'S
10 70 20 22 3ol 93}
) w
JT - 229 Anesty Main Grereen Querts 1n greisen too sssll .
JT - 224 Anasty Main Greeien Quarts 1n sericitic gree. 3 94 1 338.4 ‘
[ 20 80 391.5 -
10 7% 13 326.4 232.9
15 70 15 284 8 292.0
40 40 20 261.8 460
JT - 224 C | Anesty Main Greieen " " " - 10 70 20 498.9 179 !
! 10 70 20 N 18] 100
. 296 2| -%.8 95
- 15 83 310
: 20 80 328.4
5 93 A 90 C
JT - 206 A Anesty Main Greisen Quarts in layered gree. too emall
JT -~ 204 B | Anesty Mai1n Greisen " " - - 00 smsll I
T - i Anesty Main Greusen Quarts vein with Mo 10 75 15 273.6 96 294.6
. 1075 1% 2159.8 122 291.0
’ S 715 1% 751,95 2.2 366.4]
] 135 85 ) 350« I :
L3




APPEMDIX G:(cont'd)

Ssge Pond - Cenerel ares

Sample No. Loceation

Descriprion

Freezing

Heating

Vis, Melt

Ta

™S, ThSz

2211%) Weet of Bage Pond

West of Sage Pond

Anesty Hill

Anesty Hall

North of Rabbit Pond

South of Crow Pond L+]8N

South of Crow Pond 2+40N

South of Crow Pund R+60N

in sericiLic graas.

in greisen

vein
\n greisen
!

in pegmatite

fluorite vein

in greiaen

R

-26,2

too .-n{l
too smsll
too emall

too amall

-27.6

101.2) 297

143.)
197.4
59
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APPENDIX G:(cont’d) , .
Sage Pond ares - ) ' -t .
Sample No. Location Description FI Type Preezing - Hesting ' )
‘ IV IL IS | Vis. Melt Tw ThY Thi Ths) | T™hsy | ThSy | Decrep.
10 90 T . 322.9
5 95 : 329.4
s
J JT - 16i South of Crow Pond 1+80N Ouarte ln\k-iun | too smalil ,' ' '
B . -
JT - 19 too esall ' .
' JT - 193 too small ! o
Jr - 2.095\ Southeast Sage Pond " " " a $90 5 -3.12 -~ 4,2 39y
; : 5 95 -9.2 33 130.5
' . 40 60 ~ : .. 283 199
. 5 90 3 269.3% . 110 193.9 - i
- &~
JT - 20%0 Southesot Swge Pond Querte in pegmatite 2-96 2 ~59. 4 -38.9% 98 108 ‘w *
' 2 96 2 104.8 73 105 o
296 2 . 78 120 I
- S 15 20 £ 335.2 340 431.5
. . .
JT - 211 Southesst Sage Pond Quarts: in greisen 30 70 -29 -21.7 367 hT0
30 70 395, . ,
5 &0 1S 238.5 320
“» .
o
k4
! .
sk
. . ° ‘ ..
: X .
|
| | .










