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,the source rocks have been through a weathering process.

provinee are ilmenite-monazite types (Flinter, 1971).

’

Hesp (1971) éuggested that the tin content of the

Fsource materlal" is lmportant in determining the Sn content ,

. of granitoids. Fllnter (1971) states that although tin has

a magmatlc evolutlon. its source ig sedlmentary.
Chappell and White (1974) suggested that tin \\\-hﬁ‘f—“

mlnerallzatlon is assoc1ated w1th S-type gran1t01ds and

. not with I-types (appendlx 1). Their classification of

' granitoids is essentially based on chemicalicomposition

resulting from different source materials. The I-types

t

were derived from an igneous source.. The S~-types were

derived from a sedimentary source where this implies that

e

. Tin is diéﬁributed heterogencusly in the éarth's cruét.
asta.geries of tin belts (Shuiling, 1967), which may imply‘
that crustal composition controls tin mineralization. o
This.distribution co}ncides with orogenié belts and

emphasizes the importance of crustally derived granitoids

. ) . N \
through anatexis in’ tin genesis. -F1if®®r (1971) states that

the problem of tin mineralization is complex because the
granitoids themselves are complex, Granitoid rocks have

varied ofigins and evolve differently. Positive correlations

,between mlneraloglcal. petrological and chemlcal characterlstlcs.

and the occurrence of tin in samples drawn from hetero-
geneous populations cannot reasonably be expectgd (Flinter,

1971; Raguin, 1965) .. The problem may therefore be due to

- the fact that most studies.are‘régional*in batholiths

’
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comﬁrised.‘pf;different separate plutons. | " D
" Various modes of evolution of tin depdsits Have been
proposed. Among them is the idea that tin de&eioﬁs early
in the liquid phase and enters thé rbckliorming‘minerals.
-;especially biotites ﬁhich havé a high capacity for in—.
cdrpora%ing extraneous ions in their éfructufes (Flinter, .
',1971);‘-I£ tpis was the éaée. minerals in these early
granitoids would have higher tin values than their counter-
parts in mineralized granitoids. At the same time, Flinter
(1971) raises the question of aﬁpossible later release of
tin by biotites, giving risé to mineralization. Hésp (1951)
suggested that tin may selectively substitute isomorphously
for particular elements in minerals (e.g., for Fe”'and Li¥
in biotite). | ' |
The more accepfed approach is to explaih'high tin valdgs
of tin-bearing granifes by a continﬁing pfOCess in the
evolyution of the granites. In a study of the Blue Tier
Batholith, Tasmania (Groves, 1972) it was found that the
residual liquid appéar;d to have been relatively enriched
in tin due to the preference of tin for the liquid phase
during fractional crystallization. The high tin content of
biotites from the 5iotite—muscovite granites is thought by
Groves (1972) to be a normal distribution of tin betyeéh
liquid and crystals in the residual "tin-rich" liquid, and
not to sélective substitution of tin for particular cations

within the biotite structure.

Groves and McCarthy (1978) formulated a model for -the
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development of tin deposits by a very late stagé Sn-rich
vapour resulting from continued in situ fractional
crystallizgtion of a crustally - dgfived granitoid mégma.
Continued fragt;onal_crystallizatidn'results in a Sn~rich
vaponr which senérates within the intercumulus melt ét a
very late stagé:. Towards the end stages of solldlflcatlon.
"thls vapour loses equlllbrlum with the earlier formed .\

N
feldspars and greisenization’ ensues, accompanied by the : \\

Ay
5

cryétallization of cassiterite and other ore minerals.

The South Mountain Bathollth of southwest Nova Scotla
(fig.1) férms the northern extension of the Appalachian tin
belt (Schuilling, 1967). Most of the granites are gtanni<
ferous, conta1 ing more than 10 ppm Sn (Fllnter, 1971), and
several small cass1ter;te prospects can be found in
Lunenburg County '~ McKenzie and Clarke (1975). located
several granite centres within a granodlorlte host and
suggested that the batholith resulted from one intrusive
event, Smith (1975a, 1979), however, has shown that there
are small but statiétically significant differences in the
chemistry of each pluton. Hence, it.was suggested that each
pluton was 1ntrug;d separately and differentiated in 31tu

A zoned pluton centered near Halifax- (fig.2) has been
descrlbed by Smith(1974). The granitoids range from an
outer biotite granodiorite margin, through bBiotite-granite,
to muscovite-biotite, granite, which is benetrated by younger
leucogranite and alaskite“dikes._ Presnall and Bateman (1973)

have developed a model to explain zoned plutons based on

5
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Figure 1. . Geological map of southwest Nova Scotia showing distribution
of plutons. Pluton names of the Soufr; Mountain Bathelith: (1) Halifax,
{2) New Ross, (3) West Dalhcusis, (&) Port Mouton, ’(5) Shalburne,

{é) Barrington Passage, (7) Springfield Llake, (8) "Lake George, ($) Wedgeport, -

{10) Brentan, (1i) Tombstone (from Smith, L97%),
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. Figure 2. Geological map of the Halifax Pluton, southwest

Nova Scofia (after Smith, 1974). Place names: (1) St,
Margarétg Béy, (2) Northwest Arm, (3) Purcells Cove,

(d) Ferfuson Cove, (5)“Eleepy‘Cove, (6) Sandwich Point,
(7) Hérring Cove, (8) Sheehan Qoye;-(9) Portuguese Cove -
(10) Fink Cove, (11) Indian Harbour, (12) Frog lake,

(13) Spryfield,i(l#)_ﬁagketts Cove.
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'field‘and.petrogréphic relations, as‘well as major éiemeni ’
distfiﬁu%ions within the Sierra Nevada Batholith. The
granitoilds are‘developed by the inward fractionallcrystalli—
zation of a crystal-liquid mush derived by partial melts.
Fractionation occurs because residuai-éolid material (restite)
.carried upwa#d in the magma from its place of origin together
with minerals precipitating from the melt phase is
progressively cleared ‘from the magma by settllng and by.

accretion to the solldifylng marglns of the magma chamber.

The kind, composition, andproportiontﬂ‘crystals preclipitating

change with falling temperature and changing composition of

the melt phase. A similér mpdel-has been described by
Smith (1979).for the Halifax Pluton. Thesé models are by no
means univéESally éccépted and will be tested by a ]
mathematlcal approach using trace element chemistry of the
rocks and constltuent minerals comprising the pluton.

The problem of tln gene51s is probably due. at least in

part. to the lack of understandlng of the evolution of

.p:plutons themselves. Since batholiths are coppqszte in

character  compris3pg_of separate individual plutons.ja more
‘detailed examination of individual'plutons.within the batholith
would pfove more valuable to a better understanding of tin
genesis. .

Smith and Turek (1976)_héve shown that the Halifax and
New Ross Plutons are the-most favourable for tin mineraliza-
tlons in the South Mountaln Batholith using the Knhler-Raaz

1nd1ces.Thornton-Tuttleleferentlatlon Index (D.I.) and
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Petrological ‘Index (P.I.). The present étﬁdy was therefore
undertaken on the Halifax Pluton in an effort to follow the.
develOpment of the,pluton and tin. In this way an attempt
will be made to establi§h whether the tin is.concentrated
‘and stays in the silicate liquid phase, ‘or continues to
partition into the late stagé aqueous solutions. Such an
understanding‘of the relationship between granitéid genesis_
and tin would provide a useful guideline for the identification
o? potentially tin-beafing granites., It is hoped that a
rapid methdd of evaluating the likelihood of mineralization
in granites will be developed, which would save considerable
time.land_increase the- success rate. of tin exploration.

In approaching the subject, an examination of major
agg-trace element distribution in the different rock types of
the pluton, as well aggfheir constituent minerals was made.
Maaor and trace element’ determinations of minerals and
veined materlals were done by X- ray spectrometry except
for Li, which was done by atomlc absorptlon. Data for
the main rock types of:the pluton were obtalned from

Smith (1974, perscnal communication).
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CHAPTER II -  “‘

_GENERAL GEOLOGY -

Approximately 30 %~of7Mainland Nova Scotia is underlain
by the Meguma Group. with a total thickness of at‘least
7420 mi The Meguma Group consists of 3760 m of the Goldenville
Formation below (Taylor, 1967) and 3660 m of the Halifax
.Formation above (Faribault, 1909;_Smitherin§§ie. 1960;

Crosby 1962).

The Goldenville Formation is made up af interebedded
lithic graywakes and feldspathic quartzites with small
thicknesses of argillite, siltstone, aﬁd,s}ate., Graded
bedding is common and there are scattered occunrenceskaé-«

' ripple marks,.cross beddlng. and scour and fill structures. .
The Halifax Formation is composed largely of thinly bedded :
slate, siltstone and argillite with minor thin beds of impure

quartzite. Graded beddlng. scour and fill, rlpple marks,

and cross bedding all occur rarely (Connler and Smlth 1973)

Paleontologlcal evidence regarding the age of the Meguma
Group is poor. A few graptolites occur in the Hallfax
. Formation and indicate an Eardy Ordov101an -age (Crosby,

1962, Cumming, l963).l The Goldenville Formatlon lles
conformable below and hence ls;cpn81dered to be,Cambro-"

Ordovician in age £Scﬁenk; 1971),"

11 e ‘;,?
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The Mééuma'Grbgp has been folded into northeast-
south@est trending'anticlineé'and synclines with nearly
vertical axial plan;s. The folding was succeeded by the
main phase of regidﬁal metamorphism which produced mineral
- assembiageé characteristic of the greenschist facies
throughout much of the Méguma Platform. In the southwest,
assemblages characteristic of the almandine .. amphibolite
facies occur {Taylor ahd Schiller, 1966). These assemblages
are confirmed by de Albuquerque (1977).

The Meguma Group is intruéed by the South Mountain
Bathoiith which outcrops over an area of aﬁproximately‘
6009km2€J1$oufhwest Nova Scotia (Smith and TJrek; 1976).

. The' batholith extends southwest from Halifax in a

creé@gntic curve for some 150 km and averages ?bout 30 km

in Qidth (Smith, 1974). Some smaller plutons outcrop to

'the northeast and southwest of the main mass.. Contact
metamorphic effects overprint the generally low grade regional
metamorphism which affect the Meguma Group, ylielding mineral
assemblages typical of the hornblende hornfels facies

(Taylor and chiller,_l966). ' ~

The batholith is a composite body of Devonian age (Cormier
and Smith,1973) made up of granodiorites, biotite granites,
muscovite-biotite granites, leucogranites, and alaskités.
Smith (1974, 1975, l979).has shown that it is made up of &
series of zoned plutons ;ach intruded separately and
differentiated in situ Setween 380 Ma. and 350 Ma ‘ago.

The three plutons_outcropping'along the Southern Shore of
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Nova Scotia: (Flg. 1) have been. descrxbed by de Albuquerque

(1977) who reported dlfferent lithologies for each of the three

plutonlc masses.* To the southwest is the Barrington Pas age
pluton‘which consists of biotite tonalite. TrondhaemltJ is
the domlnant rock type in the Shelburne plutég#/thﬂ/éarnet-
, bearlng muscovite- blotlte granite being a minor phase. The
Port Mouton pluton to the northeast is a composite body
constituted of muscovite-biotite granodiorite and muscovite- -
biotite granite. _

The Halifax Pluton forms the eastern end of the batholith
and occupies a penisular extending from the city of Halifax
to the head of St. Margaréts Bay. The pluton is exposed
over an area of approximately 600 kmzA(Smith; 1974), with con-
tact metamorphism reéching hornblende hornfels facies in
an aureole approximately 1;5 km wide (Smith, 1975 ).
Andalusite-cordierite hornfels grades outwards into spotted
slate, surrounding the pluton.

Examination of the junction of the pluton with country '
rocks in the sea cliffs and roadside exposures near Halifax
reveals shérp, discordant and steeplf'dipping contacts.
‘Several dikes up to 60 m wide are emplaced in the surrounding
metasediments (Douglas and Wellington, 1945) immediately
adeLent to the intrusion. The dikes are grgnodioritic in
- composition and contains some sma;l inclusions of country
rocks. Abundant muscovite is developed in the metésediments
adjacent to the granitic rocks in a zone about 5 m wide and

may’ indicate K-metasomatism. The granite-metasediment

13
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boﬁndary_énters the ?ea in the Nortbwesf_Arm at‘ﬁalifax and
larée roof pendants of métasediment are. exposed in :the cqéétal
cliffs at Ferguson Cer and Portuguese Céve.' |

The pluton is:characterized by an outer zone of
g%anodéorite aﬁproximately 1.5 km wide whi;h grades into a
1

55;9 of muscovite-bearing biotite granite” .  The granite

have been subdivided'iﬁto biotitawéranife"and ;uscovité—biotité-‘
granite. The biotite granite was originally called quartz
‘monzonite in papers by Cormier and Smitﬁ_(l973) and Smith
(1974, 1975 }. In the.field; different rock types grgde-¢
into'each other and it is not péssible to map sharp

boundaries‘between %hgm. It;is suggested thatxthese rocks
represent a composite pluton that differentiated in gitu 7
(Smith, 1974). The granitic rocks are intruded by sharply

discordant dikes of alaskifes and leucogranites up 1o 1.5 kn

wide (Cormier and Smith, 1973; Smith, 1974, 1975 ). . -~

J
. . Petrology
The petrology,of each rock type occ&ring in the pluton
will be described'individually. Granodiorite 1is discussed

first followed by biotite granite, muscovite-biotite granite,

1 Granite refers to plutonic rocks in which quartz
constitutes 20 to 60 percent of the felsic components and
in which the alkali feldspar/total feldspar ratio

is Eegween 35 and 90 percent as defined by Streckelisen

s



.. @S a.narrow band trendlng in a northwest dlrectlon from
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alaskites and'leucogranitesf Lastlyfaplites, pegmatites.
and. greisen 20nes WLLL be discussedf The petrologlcal
dlscrlptlons are based on the ‘results.of fleld observatlons.
thin- sectlon and hand speclmen examlnatlons. Thln sectlons

of one grelsen and’ at least two Of each of the maln rock types

of the pluton were examined in details. Hand speClmens for

~all the rocks analysed (appendix 2) were also examined.

(i) Biotite Granodiorite

. 7.. i
E =

;'f? Blotlte granodlorlte of the Hallfax Pluton is in sharp,

clearly deflned contact with the metasedlments of the Meguma

Group. The contact with the blotlte granite.is gradatlonal ' v
and a sharp boundary between the rock types could not be '
mapped.. Except .for a small exposure of blotlte granodlorlt

~--.

1n the southwest corner of the pluton, thls rock type lS

restrlcted to the northern margin (Flg 2). The rock occurs

Spryfleld -Frog Lake area,. and accounts for approxlmately o .

10 % of the exposed-pluton , | . ' .. 3
The rock is generally llght grey to grey. in colour.

coarse gralned (3 -5 mm). holocrystalllne, hypldlomorphlc,

gramular in texture. In certaln areas the rock is porphyrltic

with large whitish phenocrysts: of perthlte The"sinéle .

prlmary mica present is blotlte whlch modally averagesllé %.

Muscov1te sometimes occurs in mlnor amounts and as an accessory

mineral. The essential minerals are quartz (average 34. 4
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modal pe;pent). plagloclase (average 3& 5 modal percerft)1 .
potass1um feldspar (average 14, 1 modal percent), and blotlte T

'1(see Table 1)

Accessorles 1nclude apatlte. 21rcon, ogaque mlnerals. ..
- cordlerlte. and garnet Apatlte and opaques often occur as '.
| . euhedral crystals W1th1n the blotlte and also erCOh oommonly '~:
,_' giving rlse to pleochr01c halos. Cordlerlte. whlch 1s .
| ‘probably a restlte, commonly appears to-be partlally ~hi

replaced by biotite whlle garnet occurs as small 1nd1v1dual

‘/‘b

gralns.; Amphlboles and other ferromagnESlan mlnerals are.

: absent

e -

The plagloclase ‘is ollgoclase/anqeslne in composltlon
with- An. % of 25-3% (Smlth 19?9) Determlnatlons done by )
~ X-ray dlffraotlon (XRD) yleld An %. of 28 32 Normal, patchy
_and osc1llatory zonlng as well as ser1c1tlzatlon ‘are- common

-_jPlagloclase gralns get up- to a maxlmum s1ze of about 5 mm
J."although generally they are 2- 2 5 mm.‘a'
Metasedlmentary xeﬁollths constltute an lmportant.part
of the granodiorites, gradlng from thermally metamorphosed .
angular fragments to nearly completely ass1ﬁllated 'ghosts
: The 1nclus10ns are generally rounded fine to medlum gralned.
equlgranular with the development of blotlte sometlmes glv1ng
{;them an almost schistdse appearance, i.e., surmlcaeeods‘
 (Didier, 1973). | |
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-
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Q. % b 28.6° | 22.5 bi.7
Pl. %""-‘3.1;_._5 29.6 26,1, - 31.2
K-Sp. % 1h.1 340 . b3 16,6

‘chl. % ok 2.0 1 . 11
| Musc. % 0.k 2.6 64 86 -
SN - Op. % 0.1 001 - -

- e 2. % - 0.2 ' - =

N W PR SR IV RR

Table 1. Mean modal analysis of main rock types

' S ' . of the Halifax Pluton {(from Cormier and

[cd
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(1) Biotite Granite |

The biotite granite is by far the most abundenf rock-
type exposed in the area of the pluton, representing some
81 % of the exposed rocks (Flg 2). '

The ﬁock is generally pinkish grey in colour, coarse
grained (3-5 mm), hypidiomorphic, granular in texture. It
is porphyritic with iarge phenocrysts of potassium feldspar
up to about 10 cm., In the fﬁeld. the rock is characterized
by potassiuﬁ feldspar being the dominant feldspar as well ..
as by the presence'of biotite. Muscovite is present in

lesser amounts. :

Mineralogically the rock consists of ouartz,‘aika}i
feldspar, plaéioclase, biotite as the essential const;roeﬁts
with apatite, zircon, opaques, and andalusite ds accessories.
Chlorite is also common as an alteratlon product of micas.

Quartz occurs both as a groundmass constituent, and
'commonly as phenocrysts. - It is present as clear to milky

roundish, anhedral grains. Modéily: quartz averages 28.6 %



l9l
(see Table lf

Plagloclase. 11ke quartz. occurs as a groundmass
constituent as well as phenocrysts. Characteristically
it is present as lath-shaped, generally subhedral crystals,
seldomly exceeding 'L om in length. Poly-synthetic and .
Carlsbad tﬁinning are generally well developed, with
normal and oscillatory zoning coqmonly present. Sericiti-
zation of plagioclase is invafiabl&“presgpt. "

Plagioclase determinations indicate an bligoclase/an-;
desine compos1tlon. Smith (1979} reporté Ah'% of 25-35. One
determination dorie by XRD gave an An % of 21 (Table Ly. -(
Modally pTagloclase averages 29. 6%.

Alkali feldspar ranges in size from 3-5 mm as a ground-
mass constituent to large phenocrysts up to about 10 cm in
length. It variés“in colour from white to cream to pink
and is characterized by 'gimple twinning. and perthltlc
intergrowth.. In the groundmass it occurs as anhedral, 1nter-
stitial grains. Phenocrysts are commonly euhedral with an
average éize_of about 5 em in length. ~Modally potassic
feldspar aveféées 34,0 %. -

Biotite occurs as individual platy crystals or
occasionélly as little cryétal ciqts~ﬁhidh may in fact be
xenocrysts (Didier, 1973 pp.206). .I% averages only 3.0 %
in the mode as oppoSed to 16.0 % for the granoaiorife;“3"
Small inclusions'Af zircor with pleochroic halos as well
as‘alterétion to chlorite 1is comméﬁ;‘

Muscovite is found as a primary and as a secondary
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constituent of the rock. Primary crystalé are anhedral
flakes whereas secohdary muscovite aré thosé which have
grown from primary biotite or feldspar, Secondary
muscovite includes sericite as well as replacemént aiong
fractures in the feldspar. | | _

Accesso}y ﬁineralé include zircon in biofite, apatite,
iron oxides and occasionally andalusite, Metasedimentary
xenoliths, although in lessgffamount than in the granodio-
rite, are present. These are most common towards the margin
with the Meguﬁa Group. Xenocrysts mentioned above may in

fact be the refractory remains of these xenoliths.

(iii) Mgggpvite-Biotité‘Grgnite
Muscovite-biotite granite outcrops in two main areas’ of

the piﬁton, One on’'the eastern coastal area between
"Purcells Cove and Herrihg Cove, covering an area of
appro#imately 10 kﬁz. The other in the southwest between
Hacke%ts Cove'and Indian Harbour is approximately 8 kmz in
-sizg (Fig. 2). The muscovite-biotife granite is the sﬁallest
in aerial extent of.the main phases of the pluton, con-
stituting only & % of the exposed rock.

" The rock is varied in colour from a light grey through
cream'tawa'pinkish colour., It is ﬁsual;y coarse g?ainéd
. (3-5 mm);‘hypidiomorphic, granular'in texture. Cémmonly;'_
the- rock is porphyritic and/or poikilitic. In the field
: ‘the'rqck_is characterized by the presence 6f_two primary " - .

micas, muscovite and biotite. The rock is quite hetero-



geneous and varies from a medium to'very coarse grained
pinkish grey, non-porphyrltlc granlte to a ckeam porphyrltlc_
°var1et; in certain areas. This is most marked along the"
coastali section from Herring Cove to around Sandwich P01ﬁ? :’
Large phenocrysts up to about 10 cm in length of pota551um '.
feldspar are common., The cream colour of the potassium

feldspar phenocrysts may be the result of deuteric and/or

hydrothermal alteration.

LTl

Mineralogically the -rock is similar to the biotite
granite except”fof:the_presence of muscovite which averagés
6.1 % in the mode, with biotite averaging only 2.6 %. The

, :

essential minerals are quartz, potassium feldspar, plagio-

clase, muscovite, and biotite. An % of 25-35 has been re-

ported by Smith (1979). Two determinations done by XRD

gave results of 11 % and 15 %. Accessorles include zircon

in biotite, apatite, iron oxides, and ocagsionally andalus1te
4

.M“Mean modal analy51s of muscov1te blotlte granite is listed

in Table 1.

fMetase§imentary xenoliths although notlas abundant és
in the granodiorites occur i; the‘granites. In one locality
at-'Sandwich Point, a compotnd or double enclave was observed -
con51st1ng of an inclusion of igneous origin enc1031ng a
metagsedimentary xenalithi. Fine grained inclusions of
igneng origin were alsp observed along the sea cliff

between Sandwich Point and Herring\pove. These are believed

to be cogeneric, derived from a dislocated chilled margin

or early formed dike (Didier, 1973, pp.150).
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(iv) Alaskites and Leucogranites

The alaskites and leucogranites occur as sharply =
discordant dikes up to 1.5 lm wide which intrude the Meguma
Qrouj.and the granites’ (Smith, 1974). The rocks are
characterized by a very uniform appearanoe in the fieid.
w1th smaller dlkes hav1ng a porphyrltlc - aplitic texture
throughout, containing phenocrysts of quartz, perthitic
feldspar, and occa51onally blotlte (Cormler and Smlth. 19?3)
The larger d;kes, those thicker than 61 m, exhibit am aplitic
margin grading into an even-gralned hypidiomorphic, granular
alaskite, and commonly highly porphyritic varieties towards
the center of the'intrusion. Contacts are generallyrsharp
but very irregular in larger dikes. Characterisqic of the
alaskites ahd leucogranites, is the presence of abundant
potash feldspar together with albite, and biotite occurring
only in small amounts or absent. . The rock is leucocratic, -
and this is one of the better criteria for its field recog-
nition. Feldspars are sericitized and'Eometimes transformed
to clay, often making the rock crumbly. |

" An examination of alasklte exposed along the coasgst

between Purcells Cove and Ferguson Cove, revealed signs of
hydrothermal alteration. In this area, the rock is strongly
fractured with red iron oxide staining and arsenopyrite
occurring in some fracture zones. Muscovite is apunﬁaﬁt}
occurring both as a primary-constituent of the rock as well

as being developed along small'fraeture planes. In addition,
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‘muscovite occurs as heterogenously distributed clusters of .

larger crystals associated with larger quartz grains. It
also occurs in ‘'small cavities (1-2:cm) in tﬁe.roék aé‘well
as associated with irregulaf quartz véiéé and lenses:

| Minéralogicallyl the rock consists of qugftﬁm potassium

feldspar, plagioclase, and muscovite as the essential

" minerals. Accessories include zircon, apatite, iron oxides,’

_and andalusite.

Quartz is similar in character to the Bther phases of
the pluton. It occurs in the g:oﬁndmass as clear, roundish .

grains averaging about 1-2 mm. in size. Larger grains up to

about i cm or so are.also nresent as phenocr&éts: Quartz
averages.4137 % modally.

Plagioclase 1is albitic in composition with An % of 4,

generally confined to the groundmass as white, subhedral -

crystals;m,Phenocrysts which may'be oliéoclase in composition

~occur in the rock and usually weather with a greenish dope. .

Determinations'bf plagioblage from two samples by X gave'

An % of 2 and. 17. Other characteristics of the plagioclases

- ‘are .similar to the granites. Modally, plagioclase averages

1.2 %, V.

' Potasgium feldspar is similar‘to the granites‘except
that they are usuall&uﬁhite. It bcqufg ﬁotﬁ as a ground-
mass constituent gs'well as'large eﬁhedrai pe?thitic
phenbcrysts up t; about 4 cm in length., Modally, it
averages 16.6 %. | |

Both muscovite and biotite nmay be_présent ih the rocks,
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althqugh'biotite is usually in lesser amounts and sometimes

~absent. Médally. biotite averagés 1.1 % és opposed to 8.6 %
for muscovite (Table 1). Mu§99vipgigggu;s b0th“as-a-~~qm-umﬂ“u
primary as well as a secondary constituenf.unnn.k'.

Metasedimentary xenoliths were not cbserved in.these

rocks,

(v) Aplites, Pegmafg%esl and Quartz veins
\_// v
Aplite dikes are found throughout the pluton, cutting
granodiorites, granites, and leucogranite dikes, and are

among the last phases to crystallize. The aplites are .

whitish or pinkish grey to red in colour, and are charac-
terized by a fine to‘medium'grained, equigranular, sugary
texture. éharpﬁintrusive cdntacts with the‘host rocks are
common; often showing chill features. Dikes range in size
. from a fewlcentimetresltb a few metres in width. Oceasion- |
ally, phenocry;ts of quartz and muscovite are found with
muscovite sometimes occurting as .small pétches and cavities.
Mineralogically, the gplites consist of quartz,
’albiﬁic blagioclaée. potassium feldspar, muscovite and
biotite. Accessories include zircon, apatite and opague
oxides.
| The aplite dikes are intimately associated with
pegmatitié material, quartz veins, and\quartz/tourmaline
.veins. This association is particularly noticeable in the

biotite and muscovite - biotite granites. Excellent

l
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~examples are afforded by the section between Herring Cove

) and Sheehan Cove.

Pegmatltlc materlal occurs in small contlnuous dikes,
“in the cores of aplltes. and along the margins of quartz
veins. In addition. roundish or irregular, occasionally
elongate, pegmatltlc pods or segregatlons ocecur, . ;t is
often dlfflcult to classgify the occurrence of aplite and
pegmatite. &g what might have started out as an aplite dike
only a few centlmetres across. may oroaden and give way to
a pegmatltic dike. Small dlkes Open up in areas to larger

pegmatltlc pods.

The_mineralogy of the pegmatltee is generally simple,

]

consisting of quartz. alkall feldspar. and muscov1te. In
some of the larger pods and ;egregat;ons, quartz is present
only:in small amounts or absent, ﬁith_the pods being
charecterized by reddened Pc%dSsium feldspar and muscovite,
The reddening of the potaseium'feldspar is probably due to
deuterlc and/or hydrothermal alteratlon. Tourmallne is
_often found .as an accessdg;\ﬁineral

| Mlerolltlc_cav1t1eeucommonly ocCur in the granites,
Amplying the preeeﬁce of a free'aqueods fluid. The
) mlarolltlc cav1ties are usually zoned with plnk potaselum
feldspar on the out31de whlch is succeeded by quartz w1th
_.muscovite, and very often mlxed with tourmaline, in the
center. In some 1netances a mlneral from one zone may be
preeent in another hone in small amounte However. each

zone 1is- dcmlnated by one. particular mineral or in the case
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of the -center by a mixture, The cavities generally average
about 15 cm. in diameter.

Quartz and quartz/tourmallne velné are commonly
'observed.cutting across the dikes and pods. Téurmaliné in
the quartz veins occur as irregular clumps, as well as,
swarmg of radiating crystals. _Arsenopyrite is‘;ccasionally ‘
present in veins'and small dikes. Well developed quartz
crystals in some of the veins at Fink Cove are of amethyst
variety:‘ |

No metasedimentary xenoliths were observed in these

rocks.

(vi) Greilsen

Several zones of greisenization occur in the sea cliff
exposure between Sandwich Point and Sleepy Cove. These
reach u; to about 10 m w1de containing 20 or more quartz
veins, usually less than 10 cm wide, but occasionally up to
30 cm or more. Thg'greisén has indefinitg boundaries in
the muscovite - biotite granite, with quartz veins fingering
out into it.

Quartz veins are generally roughly parallel to each
other, oriented in a 010°- 020° direction, and steeply
dipping to the west. The veins are commonly charactefiied
by red iron oxide staining, and the occurrence of small
_irregular clusters of muscovite an%//pdrmallne _
The greisen has a green colour, coarse grained, .highly

fractured and brecciated appearance., The rock consists

+



esgentially of quartz, muscovite, and a fine, compact, green
~-mater1a1 which crumbles easily when weathered, and is
-probably the result of saussurltizatlon. Muscov1te. in
‘eddition to belng present as individual crys%als and
. 1rregular clusters, also occurs in certain areas of ‘the
greis?n as smell.rosettes.'up to about 5 cm in diameter.
ArEenopyrite commonly occurs in the greisen, sometimes
associated with quartz veins.
In thln section, the green materlal was seen to con51st
of a- very flne. fibrous aggregate of serlclte and saussurite.

Quartz occured as small veinlets or highly fractured grains

with sutured contacts, -

Quartz veins and grelsen zones in the area are- very

51m11ar to. descrlptlons of the Turner Prospect in New Ross.

However, no cassiterite was found.

-

=



.. CHAPTER III

GEOCHEMISTRY OF ‘THE GRANITOIDS
- TR

"(a) Analytical Téchniques.

Samples for analysis were collected maiq;y-from‘fresh
road cuts and sea cliffs of thé study area. A représent-
ative suit of rocks was selectﬁdfor'minefal separation, -
~Vein métérial. pegmatitic ;ods and greisen material -

representlng late stage activitie weré,a;sb anaijsed.

Most major - -and trace element analysés of these rocks

' were carried out using a Philips PW 1410 Universal Vacuum

X-ray Spectrometer. thhlum was analysed u51ng a Varian

\
‘Techtron AA-175 Atomlc Absorptlon Instrument.

(1) Preparatioﬁ of Samplés for Mineral Separation

Selected rocks were split int; small pieées using
a hyﬁraulic rock splitter. . These pieCeé were then passed
through a coarse steel jaw-crusher,. followed by‘a fine
steel jaw-crusher, : ' -

The finely ciushed sample was fed into aézulyerizer
fitted with ceramic plates. A wide plate sétting was uéed_
initially, and slowly'dec;eaded with each sucgessive"
grinding.

bThe sample was ground anfl sieved through a sfack
cOnsigting of 32,50; 80, and /120 mesh sizes. The coarser

fractions were reground amd sieved again,
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~The 80-120 mesh fraction was washed in water using
‘an ultrasonic cleaner to remove adherlng dust partlcles.;‘
_The flnal wash was done u51ng acetone and the sample dried

on a hot plate for mineral. separatlon.

- {1ii) Mineral Separation

The constituent minerals of the samples were

separated by heavy ligquid and mggnetlc methods. Thé'

heavy llquld used was S ~Tetra-bromoethane, havlng a SpElelC

gravity of 2.955-2.965 at 25 C.#/Acetone was used as the

solvent to adjust the specific gravity of the liquid. The

separatlon was carried out using a 200 @l separatlng -
____funnel_lncaied_;n_a“well—xenialaxed_£ume—eu§boa;ée——Speeeéee—————————

gravity glass indicators as well as small pieces of ‘

potasslum feldspar, quartz, and albiﬁe were used to

regulate the densi%yref the liquid.

Procedure \

The washed sample was added to -the SATetra—béomoethane
in the separating funnel. A very small amoﬁnt.of'acetone'
was added to increase the raee of sinking of .the heavy
minerals. These were carefully run off and filtered, using a
No. 4 Whatman filter paper. The S-Tetra-bromoethane was
collected to be re-used. The heavies were washed several

times with acetone and the wash collecped and stored in a

smoked-glass bottle for later recovery of the heavy - I

liquids. The"heavy minerals were dried on a hot plate for |
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purlflcatlon and further separation by a magnetlc separator.ﬁ‘

NMceetone was slowly added to the funagl untll the alblt/

chip was about" to 51nk. The sunken fractlon;was run off -

and dlsoarded«after treatment as above.

5-

The den51ty of - the liquid was further lowered untll the
albite and quartz ‘chips sunk. At this spetlflc grav1ty, the

fraction collected and ‘treated as abpve*&as«retafﬁed aela

plagloclase and quartz mixture. - T

-

The specific grav1ty of the llquld was further lowered
"and density fractlons collected succe551vely as 1nd1cated in
table 2. The llghtest float collected was a. potassium

feldspar mixture of orthoclase and mlcroellne

S e e —— ! b

-

.J.
* . . .

Mineral . ' Spec1f1c grgv1§x
Biotite ' = ' o 2 70-6 33
Muscovite o '-?r' _ 2 77 2 88
Albite C e h
Piagiocleee Qligocl%?% 2.:6312.65O
| Andesine - . o 42.65-2.68f
-:,1Quartz - | o 2.65 (;;f\
Orthoclase . ’ 2.55- 2 3
Microcline » O 2.56- 2 63

Table 2, Literature velues of mineral specific gravities
(from Handbook of Chemistry and Physics).



31

(1ii) Recoverylof Heavy Liquid

Water was added to Vthe wash from the separétion and
-fallowed o stand after shaking vigorously. The water was
decanted and the procedure repeated a number of times. In
. this manner, the acetone which is soluble in water was
remo#ed,lbringihg the specific gravity of the liquid back

to its original value. The heavy liquid was then

. recovered using a separating funnel and collected after.
filtering. .

-~

(iv) Magnetic Separation

LY

Pufi:ication and further.separation of minerals from
the heavy iiquid method was done using a Franz
‘Isodynamic;Magnétic Separator (Model I-1). 'A forward_sloPé.__
of 25° and a side.tilt of '15° was used. o

Procedure

-

The samﬁle was poured into a petri-dish énd highly
magnetic materlal removed by a bar magnet wrapped in a
Kimwipe. The sample was then slowly fed through the
magnetic field at a constant rate with a setting of 0.2 A
in each case, to remove strongly magﬂg%ic minerals. This was
necessary 'to prevent the accumulation of such material
'which would impéde't@e‘éample flow.

A
I

Separatlon of Blotlte and Muscovite
' 1

' The heavy fraction from the S- Tetra-bromoethane
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method after treatmen% as above} was fed through the -
magnetic‘éepar;tor at a setting of 0.6 A, ~Although

0.4 ‘Af was récommended-by Hutchisoni§l9?h)._best results
were obtained at 0.6 Av _ after a nﬁmber of tries.

Bidtité was collected as the magnetic fractioh with
muscovite, polymineralic grains. small amounts of
plagloclase, and heavy accessory minerals as the residue.
The reSLdge was fed through the separator at a setting of
0.8 A - to remove polymineralic grains and again at 1.2 A

Muscovite was collected at 1.2 A  as the magnetic
fraction and the residue discarded. . |

Purification of Potassium Fe;gépar

The pdtassium‘feldspar fraction from the heavy liquid
¥ : _
separation was purified at 1.2 A after treatment with

the bar magnet and at 0.2 A.
Potassium feldspar was collected as the non-magnetic y
fraction. The magnetic fraction consisted essentially of

polymineralic grains.

Purification of Qpartz/Plagioclase Mixture

Plagioclase and quéntz have the same specific gravity
and magnetic properties and could not be separated. The
mixtures were, therefors analysed and the necessary
ad justments made to the data.

This mixture was purified in the same way as potassium

feldspar. Plagioclase/Quartz mixture. was agarﬁlcollected

as the non—magnetic fraction. J



