GEOLOGY AND GEOCHEMISTRY
OF MOLYBDENITE SHOWINGS
OF THE ACKLEY GITY
BATHOLITH FORTUNE; BAY,
NEWFOUNDLAND

CENTRE FOR NEWFOUNDLAND STUDIES

TOTAL OF 10 PAGES ONLY
MAY BE XEROXED

(Without Author'’s Permission)

JOSEPH BRUCE WHALEN



1009043



-\
'* Nationa! Library of Canada

Cataioguing Branch -
Canadian Theses Division

‘Ottawa. Canada
' K1A ON4

-

NOTICE

The quality of this microfiche is heavily dependent upon
the quality of the ornginat thess submitted for microfiim-
ing Every effort has been made_to ensure the highest
quality of reproduction paossible. o

1f pages are missing. contact the university which
granted the degree

Some pages may have tndistinct print especially if
the original pages were typed with a poor typewriter
‘ribbon or if the university sent us a poor photocopy

Previously copynghted matenals {journal articles.
published tests. etc') are not filmed

Reproductionin full orinpartof this film |s‘overned
by the Canadian Copynght Act. RS.C. 1970.¢ C-30
Please read the authonzation forms which accompany
this thesis.

-

THIS DISSERTATION
'"HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

a

NL-339 (3/77)

N

Bibliotheque nationale du Canada

Diregtion du catalogage
Division des theses canadiennes

La quahté de cette microtiche depend grandement de !a
quaiité de la these soumise au microfilmage. Nous avons
tout fait pour assurer une quahie superieure de repro-
duction ’

S 1t manque des pages: veuilllez communiquer avec
luniversite qut a confere le grade.

La qualite d impression de certaines pages peut
laisser a désirer, surtout si les pages originales ont ete
dactylographiées al aide d unruban usé oy si | université
rous a fait parvenir une photocopie de mau e qualite.

Les documents qui font déja 'objet d'un droit d'au-
teur (articles de revue. examens publies. etc ) ne sont pas
microfilmes.

)
N>

Lareproduction. méme partielle, de ce microfiim est
soumise a fa Lol canadienne surle droit d auteur, SRC
1970. c. \C-30 Veutllez prendre connaissance des for-
mules d’'autonsation qui accompagnent cette these.

LA THESE XETE
MICROFILMEE TELLE QUE
NOUS L' AWONS REGUE




4w s

ey 0 4 et o WO MISROUPRGS S e o

e

LA IOW PR (g

et e NIRRT
Qs e e

~ - A

320L0GY aND GE0CHEMISTRY
o 07 MOLY3DENITZ SHOWINGS3
07 THE AKLZY ZITY 3aTHOLITH:

703

4

JNZ BAY, NZAFCUNJOLAND

by -

G ; Joseph 3ruce whalen, 3.3c. (don.) = °

’ - N
A Thesls ,

submitted in ‘partial fulfillment of the N

. requirements for the degree of

Y

MASTER OF SCIENCZ

Jepartment of Geology | -

Memorial University of Newfoundland
April, 1976 <
St. Johh's Newfoundland




i
" A33TRACT -

The Jevonian (3473110 my) aAckley ity batholith
is an ovél, approximately 59400 km? grahitoid which in-
trudes Ordovician and Frecambrian rocks of the_Gander ahd
ivalon zones, respectively, in southeast Wed‘oqndland. It
is a éomposite intrusion conslsting of K-feldspar mega-
‘crystic granite in’the north, eaét and west, intruded in
the éoutbeast by genetically related, mores ﬁifferentiated,
alaskitic granite. Spatially related to the southeast '
contact of thehlapter are younger, fine grained and
pegmatitic 1ntruéive phases, within which are six separate
Mo showings. Contacts of the batholith are sharp and
characterized by low grade contact metamorphism.

The granitoid phases are cgmposed'esSenti§11y
of quartz,'perthite, plagioclase (andesine to albite) and
minof biotite, magnetite, sphene, zlircon, fluorite, and
tourmﬁline. The peématite is composed of large qua}tz
crystals (up to 50 cm diameter) and orthoclasé. Myrmekitic

* texture 1s common in the megacrystic granite y?ile L
granophyric texture ls rare in the alaskitic granite but
common in the aplitic and pegmat;'ic phases.

The Mo host intrusives are all extreme differ-

entiates and consequently show little variatkon in major
7 ~

elements. However, fractiomation trends of trace elements

and elemental ratios lndicate théy are more highly

»
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differentiated than the alaskitic granite. The latter
shows a regional variation in geochemistry, indicating
that its degree of differentiation increases gradationally
toward the intrusive contact.

The alaskitic and fine grained intrusive phases
crystallized between .5 and 1 Kb PH20 and resemble a
hypersolvus granite. The fine grained and pegmatite
phases are explicable as erosional remnants of a once
extensive roof zone complex possibly formed’by in situ
differentiation resulting in concentration of volatile
and Mo richy, highly fractionated magma in the roof of the
alaskitic granite.

The different showings exhibit variation in
lithology of host rocks, mode of mineralization and
associated trace metals, although Mo is the only econom-
ically important element. They represent a gradation
between magmatic (pegmatite) and hydrothermal (porphyry
affinity) deposits, resulting essentially from retention
.and release of volatiles, respectively. The roof zone
localization of the granitoid mineralization has important
ramifications for exploration on a local and regional scale.
The porphyry affinities of some showings indicates that
models of absence of porphyry deposits in pre-Mesozoic-
Cenozoic orogenic belts due to erosional level may not

be valid.
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CHAPTER 1
INTRODUCTION

1.1 General
The Ackley City batholith occupies an area of

approximately 5,kOO sq. km. between lati‘t.udés 55028' to
54027' and longitudes 48018' to 47039' in south-east New-
foundland (Fig. 1). The molybdenite showings occur on the
south-west border of the intrusive, the nearest settlement
being Rencontre East on Fortune 3ay. The village 13 ser-
viced only by scheduled C.N.R. steamer service twice weekly
from Argentia and Port aux Basques. An unpaved road to |
English Harbour East fros the paved 3urin Peninsula road
reaches to within 23 km. from the east, while a road to

Pool's Cove from the Bay D'Espoir highway reaches to within

17 km. from the west, Surface access to five of the showings

{s via Rencontre Lake which is reached by a trail (1 im.)
from the village. Float planes can land on the lake while
helicopters can land readily at all the showvings. The Belle
Island sﬁowi.ng, located 38 km. east ' of Rencontre East, is
acccisibie only. by boat.

The general area displays two somewhat contrasting
types of topography reflecting the éittor.nt rock units.
The granite areas in the north arol b.rrpn and of locaYl
relief vith elevations averaging 180 meters in contrast
to the slightly higher elevations and much greater
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Figure 1. Location of the Ackley City batholith
and the molybdenite mineralization
along its southwest margin, Fortune Bay,
Newfoundland. Different zones (F,G and
H) of the Appalachian structural province
(Williams et al., 1972) indicated on top
of figure and boundaries by dashed lines.
Granites are hatched and roads indicated
as thin double solid lines.
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irregular local rielief of the vgicanics and sediments to

the south. Rencontre Lake is a deep glaclal valley with
high and very steep sldes. Exposure in the ‘area 1s excellent
with bush occurring only in protected valleys.

1.2 Previo ork ) (
1.2.1 Fortune Bay Region

The earliest work in the area was done by Howley
(1888) who made a hurried reconnaissance of a pa’rt_:of the
area near the settlement of Bay Du Nord. Little subsequent
work was done uhtil White (1939) mapped the Belleoram (Ren-
contre East) area. Widmar (1950) mapped the Hermitage Bay
area. Smith (1953) studied the fluorite occurrences of Long
Harbour, and with White, compiled a report on the regional
geology of the Belleoram area (Smith and white, 1954). ¢ The
Rencontre East area between Pool's Cove and Long Harbour
was mapped in 1355 for Newfoundland ‘and Labrador Corporation
Ltd. (NALCO) by D.A. Bradley. Bradley (1962) also mapped
the Terrenceville area, which adjoins the Belleoram up-'areu
to the east. The whole of the Fortune Bay area wasg investi-
gated by Andersomn (1965) as part of\a ;iologiccl recon-
nalssance study. The latest regional geological upp'i.ng
in the area vas Williams' (1971) map of the Belleoram map-
area. '

Special aspects of the geology of the map-area vere
studied by/tbionovm; Tvenhofel (19%7), who doccri;bod
the sedimentology and stratigraphy of the Remcoatre PFormaticn

in cqnnoction \dth a reglonal study of the Silurian rocks of

kAl WL e
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Newfoandland; Hutchinson (1962) who studied the Cambrian
3 r;unas and stratigraphy as part o{ a general investigation
| of the Cambrian rocks and trilobite faunas of soqtheagferﬁ
Newfoundland; Ermanovics gt al. (1967) who investigated
the petrogenesis of the Belleoram Stock; and Williams (1967)

who summarized the stratigraphy and relationships of the
late Precamb;i.an Long Harbour Group as possibly representing

Silurian deposits of southeastern Newfoundland.

1.2.2 History of orat )
A molybdenite discovery was recorded in the vicinity
of Rencontre Lake about 1882 (Smith, 1336). This prospect,

s ] ' or a similar one in the immediate area was explored by the

Van Allen Mining Company for a four month period commencing
October, 1900. The prospects were examthed in 1915 on ‘
behalf of U.S.

interests and on several occasions in the

period from 1926 to 1934 by geologists on behalf of the
g Kewfoundland Geological Survey.
»

The first serious ox_;}loratory program appears to
have been conducted by Dana and Company Incorporated of

= Nev York who investigated the proqucts botvo;n 1935 and

1937 Camith, 1936). Subuquuitly, the claims covering the
prospects were incorporated as lov‘t.omdlnnd Holyﬁdcn_' .
Limited and examined by McKinstry (1938). In .1937 the area

S was surveyed by D.E. White for the Geological Survey of

2 | Newfoundland and the mineral deposits were studied in

extensive detail (White, 1939, 1940). To the end of 1938,
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development work on tﬁsllckley deposit included extensive
surface trenching, probabli over 305 meyers, gnd underground
work which included 76 meters of tunnelling, an 18 meter
shaft, and approximately 122 meters of drifting and cross-
cutting }rom the 18 meter level. Over 122 meters of surface
trenching had been completed on the Motu showing. On tﬁe
Wylie Hill showing over 305 meters of surface trenching
haa been'completed, largely on the eastern orebody and a
pit 2.6 meters deep had been .sunk near the gouthwest shore
of Wylie Pond. In 1944 six diamond dfill holes were put *
down on the Ackley prospect by the ﬁevfound;and Department
of Mines (Quinn, 1344).

Little further interest was expressed in the showings
until 1953 vhen the prospects formed a’portion of a territory
of some 4,662 sq. kms. granted to the Newfoundland and
Labrador Corporation Limited (NALCO) by the Newfoundland
Government under the terms of Act 64. In 1955 a compilation
of data on the prospects vas made for NALCO (Dunlop, 1955)
and the area v‘s mapped and examined for NALCO by Bradley
(1955). The following year an evaluation of the Ackley
. City molybdenite deposit was made by Cooper and Steward
(1956) for NALCO. DBetween 1958 and 1959 Caledon Minerals
Co. Ltd, drilled eleven shallow diamond drill holes at Wylie
Hill, three at Ackley City and five at Motu (Bligring, 1959;

McNeil, 1959), also an induced poteatial, resistivity, and

L\
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B




-6 -

biogeochemical survey was completed at Wylie Hill while a

resistivity survey and metallurgical tests were made at

Ackley City.

PR s

Betwesn 1965 and 1367 the showings were visited

a number of times by Fogwill for Canadian.Javelin Lta.

(Fogwill, 1965) and for NALCO (Fogwill, 1966, 1967). The

claims were subsequently optioned by Norlex Mines Ltd. for

whon the prospects were sxamined by consultants (Knight,
.1968; Zurowski, 1368) to determine what further development

TS S

work sﬁould be done. The diamond drilling program outlinod

and recommended by Fogwill (1968 a, b) was carried out with

a tq%al of eleven holes being drilled, totalling 120 meters

at the Ackley showing in 1968 to 1969 and subsequently

twelve holes totalling 1,228 meters were drilled at the

\ Wylie Hill showing in 1969. Results were considered dis- : i

couragin¢ and since no further wogk was undertaken, the

claims were dropped by NALZO in early 1975.

A 1,3 Present Study
' One of the unifying geologic characteristics which .

is displayed by porphyry copper ahd/orh-olybdonun deposits

. is a young age ranging from 210 m.y. to 5 m.y. (Lowell and

Guilbert, 1970; De Geoffroy and Wignall, 1972), a feature
attrib&‘od by Sillitoe (1972b) to the effects of erosion

in pre-Mesozcic-Cenosoic orogenic belts. However, older

porphyry type deposits have been documented in the Canadian
faield (Kirkham, 1971b) and the Appalachians
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(Hollister et al., 1974; Allcock, 1974; Kirkham and

Soregorall, 1375; Whalen and Hodder, in prep.). One cited . »
éxample is the Devonian Ackley Mo deposits. This thesis ’
examines these ﬂeposits with the object of arriving at a
better understanding of?their naturg and origin, such
information being imporéant in terms of metallogenic models

of the Appalachians (5trong, 1974), in relation to genesis of

o o e

Mo deposits in general, and in exploration for Mo on both a

local and regional scale.

-

The approach taken was to do detailed mapping,
bulk chemistry, petrography and mineralogy on the individual

showings. An attempt to answer questions of petrogenesis

was made using datg from the showings and by trying t§

relate them to the Ackley City Batholith in gengial.
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CHAPTER 2
MOLYBDENUM IN NATURE

2.1 General Geochemistry and Distribution

The element molybdenum is a heavy metal with a
specific gravity of 10.2 at 20° _, atomic weight of 5.,
gtomlc number of 42 and atomic radius of 136 A. The most.
com;on valence state is 6+, less common oxidation states ‘
range from 5+ ﬁhrough 4+, 3+ to 2+, the least common. At
high temperatures molybdenum has a high affinity for 1ron,‘

and to a lesser extent for Ni, Mn and Mg, which suggests

.1t would tend to accumulate in the iron-nickel core of the

earth. The fact that molybdenum ions tend to be fixed by

FeO and MnO) radicals indicates that H% could be preferent-
lally carried upward from the interior of ﬁpe earth. This
could mean that the mantle of the earth may'be depleted in

Mo as compared with the core and the near surface volumes

of the planet (Goldschmidt, 1954), a suggestion which 1s
partly supported by the low Mo content of ultramafic in
comparison to other rock types. Average values of Mo for
common lgneous and sedimentary rock types and estimates of
the abundance of the element ig the lithosphere are presented
in Table 1, The only significant high values are in sediments
of strongly reducing environments, other variations are only
in the order of 1 ppam. - '

The most common Mo mineral,molybdenite {gpSz).is

known to have two naturally occurring polytypes, hexagonal



Table 1

Average Values for Molybdenum of Common Rocks (in ppm)

Rock Type

Igneous
Rocks

Ultramafic
Mafic
Intermediate
Granitic
Syenitic

=
OV O T\t

e =
O &

Sedimentary
Rocks

Slate

sandstone

Carbonates

Deep Sea
Carbonates

Deep Sea Clays

Manganese Nodules

Black Shales

Pelite

oo

"7 o

1000-3000
5-10
50-200

Average Abundance in
Lithosphere (Clarke
Value)

1.1

s

1; Sandell & Kurada
2

L
5

Enzmann (1972)
Taylor (1964)

(1954)

Turekian & Wedepohl (1961)
3§ Vinogradov (1962)

;Ol"
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(2d) and rhombohedral (3R), which differ only in the way
the Mo3) layers are stacked (Takeuchi and Nowachi, 1954).
Although there are 112 theoretically possible polytypes
of molybdenite (wWickman and Smith, 1370) 1in numerous in-
vestigations throughout the world (Vorma et al., 1966;
chukrovet gt al., 19’70; Xhurshudyar et al., 1969; AyreS,
1374) only two polytypes 2Hqy and 3 R have been found, which
can be present in varying proportions in any on; specimen
or deposit. Limited studies by Somina (1966) suggest that
natural 3R Mo3p contains an unusually high amount of trace
metals, suggesting that reduced 3R symmetry is the result
of impurity-induced stress effects on the mineral structure
during growth. Zelikman et al. (1970) conclude from studies
of synthetic polytypes tl;at (1) at high sulfur pressure
2H MoSp is stable, relative to the 3R variety and (2) the
proportion of the 3R form in mixed crystal molybdenites
1ncreases‘proportionnlly to the Re éontent. Other minerals
of molybdenum are secondary in origin and include wulfenite
(PbMoOy ), povellite (Ca(MoW)Op), ferrimolybdite (Feg(HoOx..)3
8H20 (?)), ilsemannite (Mo30g. nH30), koechlinite
((B10)2(MoOy)) and lindgi-onite (Cu3(m01.:)4,2(0ﬂ)).

Molybdenum is found in association with minerals
of other elements such as Cu, Sn, ¥, and also accomamodates
substitution of economic impurities 1n the structure of

molybdenite. Rhenium (Re) is one of the rarest, but most

J
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wldely dispersed metals in the earth's crust, its average

abundance in 1gneous rocks being of the order of 0.05 ppb

(Morris and Short, 19639). Although Re occurs in minor
amounts in a varlety of minerals, molybdenite is the only ‘ §
. . known significant concentrator of Re in the crust. Giles :
and Schilling (1972) have shown that the Re content of
molybdenite from porphyry Cu deposits has a mean value of
720 ppm, that from Cu-poor stockwork molybdenum deposits
averages 50 ppm, and molybdenite from grelsens, pegmatites,
and skarns has a range of 7-129 ppm. Terada et al. (1971)

have shown that the Re content of molybdenite from Japanese

deposits decreases in the order: volcanic sublimates,

~

porphyry Cu deposits, contact metasomatic deposits, dis-

seminated depobsits and qu.art-z veins.

it . St T

2. 2" vior o olybd tic-Hydro r

s

& rocesses
' | The rather uniform distribution oi‘ Mo among the . ¢
common igneous rocks (Table 1).is attributed by Sandell and ' 1 ‘
Kurada (195%) to its ability to replace a number of elements
in the lattices of rock-forming minerals. It is present in
the feldspars, in biotite, amphiboles and pyroxenes and

‘k'" .. L ’ . e

especially in magnetite and ilmenite. Substitution of Mo

R

foi' Fe3’, ‘1'.1, Al, and possibly Si is indicated. Mo exists
both in the 4* and 6* states and the high value of ionmic
potential for MoS* tends to the formation bf (MoOy,) 2= _

f oo o T
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complexes which are concentrated in residual magmas (Taylor,
1765). The Mo** ion maintains an equilibrium between
existence as the free lon and as (Mool,)'*' complexes. There
will thus be a general concentration of these elements in
residual or volatile-rich mdgms, _due to the large size of
t’he complexes compared with (3101.,)‘", and in the case of
the hexavalent complexes, a ¢harge discordency as well
(Ringwood, 1955). ’ _
The close association in time and space of granitic
rocks and large econoaic concentrations of Mo is convincing'
evidence of a close genetic relationship. The fact that the
association is not a simple case of the concemtration of an
incompatible element is apparent in a summary by Barsukov
(1366) of the numerous studies of the distribution of Mo
in granitic intrusives by Russian workers. Granitolds to
which H’o mineralization is related paragenetically and
probably also genetically vere found not to be d_istln-
quishable by high contents of the elements. In some cases
it vas possible to establish that there is an increase in -
the Mo contents from older to younger granites within each
separate intrusive complex. Several papers by Pokalov
(1961, 1962) and Kazitsin (1962) mention the manifestations
of metallogenic speclalization of granitoids vith respect
to Mo in certain sreas in Kaszakhstan and Transteikalla,
where the Mo content in metalliferous granitoids is two

or three times higher than the clarke value for the element.




Tauson and Petrovskaya (1371) attribute such accumulations
to be due to secondary enrichment by gaseous emanations.
They sgggest that the Mo content of the granitolds was

1 to 1.5 ppm. before belng enriched by an influx of Mo

into zones of high permeability unaccompanied by any other

altera!’sg;: the rock. . : |
‘ “composition and volume of volatile components

in a magma and the sequence of their separation from the
magma chamber dtiring cooling and crystallization are
apparently much more important factors in Mo ore formation
than the processes of differentiation or derivation from
Mo-enriched parental magmas. The effect of removal of a
Mo-enriched fluid phase from s magma would not significantly
alter the Mo concentration in the melt, for oaly amounts in
the order of a fev percent of the total Mo content would be
removed, thus large volumes of magma would be required for
production’ot economic concentrations of Mo (Kitarovetal
et 8l., 1967). Burnham's (1967) discussion of hydrothermal
fluids at the magmatic stage rovealf the great complexity
of the subject. 'Scpargtion of a vater-rich phase would
result vhenever ‘.the edﬁilibrlu prossm"o of water in the
melt exceeds the total confining pressure. Upon separation
the composition of an aqueocus phase 1s dependent upon the
temperature, pressure, bulk composition and nature of co-

_existing phases. If the Mo is deposited in close association

with the crystallization of its gemetically related intrusive

-
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suéh as.in pegmatites, a syngenetic magmatic molybdenite
depos}f results. If, however, the magmatic fluid phase
migrates vertlcall& through structurally controlled
permeable zones, reacting with wall rocks and depositing
its metal content, then a epigenetic hydrothermal deposit
is formed.

The orthomagmatic model described by Burnham (?967),
Nielsen '(19.68) and Whitney (1975) is the genetic model most
preferred in literature for the generation of pérphyry
depoﬂsits, the major type of Mo epigenetic deposit, since
the classic papers of Bowen (1;33). Bamons (1233) and
Lindgren (1337). The/sequ,ence of events, as described by
Nielsen (1968) can be paraphrased as: intrusion, early |
‘marginal crystallization which produces a solid shell, and

rupture of that shell to produce porphyritic-aphanitic
textures in subsequently crys‘ta.lli'zod rocks. If the build up
of volatilo's is great enough, breccia pipo\s, may be formed when
they are relusod. (Norton and Cathlojs, 1973). Alteration and
lincral!.iatlon follow in the ci‘ackle, stockwork, and brecclated
zones. Evidence for the close genetic relationship between |
magmatic activity and the altorntion-q’inornlization process
1s the presence of intermineral intrusions (intrusions that
wvere emplaced b&t;ncn- or during ﬁoriods of mineralisation)
in many pborphyry deposits (Xirkhanm, 1971 a).

' Isotope studies om porphyry Cu-Mo deposits have

shown that the outer alteration zones are mainly formed by




meteoric water at temperatures of 3300 to 2850 C, while the
inner alteration zone (potassic) was formed by mainly mag-
matic water at temperatures of 580° to 3%0° C. (sheppard et al.,
1371). Similar results were obtained from studies at the
Climax orebody, & ngajor porphyry Mo deposrit (Hall et _al.,
197%). This suggests that magmatic-hydrothermal solutions
which formed dqring late stages of crystallization of a
- porphyry stock interact with an extensive meteoric water
convection system which 1s driven by the heat of the magma
(Taylor, 13974)., The main focus of minerslization is at the
mterfice between the two hydrothermal convection systems,
possibly because of temperature, salinity, .Eh’ pH or pressure
| difference.s at this interface. ‘ :

fication o bd

The different types of molybdenite deposits have
been classified in soamewhat different ways by different
authors. A classification based on economic aspects was
propased by Creasey (1997) while gbn.etic considerations have
been used by Stevensen (19%40), Vandervilt (1353), Vokes (1963)
and Sutherland Brown (1969). ;rhe classification presented |
in 'rablo 2, which is based mainly on information obtained
in the above menticned pubdblications, subdivides the deposits
into three major classes, syngenetic, epigenetic and socondnry,

with further subdfvision vithin these groups.

\“ The term syngenstic is used to ducrlbo deposits

in which there 1is npplrcntly a very close gonoue relationship




Table 2

Classification of Molybdenum Deposits

I Syngenetic A.

II Epigenetic B.

III Secondary , A,

In Acidic and Alkalic Igneous Rocks
Pegmatitic and Aplitic Type

~Vein Type 1. Pegmatitic Quartz Veins

2. Quartz Veins
3, Gold Veins
4, Base Metal Sulphide Veins

Porphyry 1. Porphyrx‘Mo Type
2. Porphyry (i) Continental Margin
Cu ii) Arizona Typé
Deposits (iii) Island Arc Type

U-Mo Type

Metasomatic Type
Sedimentary Accumulations
Weathering Enrichments

Type

_Alll_-



- 18 -

between mineralization and host rocks in space. and time.
Molybdenite i1s a sparse byt relatively common constituent
of granites and other igneous rocks occurring sparsely
disseminated in a manner strongly suggesting it has
crystallized in situ as an ordinary accessory mineral.

Such deposits are widespread but tenor 1s generally so

low that they are not of commerclal interest. Molybdenite
is the most common sulphide mineral in pegmatites and
related aplitic rocks, These rock types usually form later
than the main intfusive mass and tenor of molybdenit;
mineralization, which tends to 6ccur in lenses or pods,

is erratic. The grade in the pods may be high but saall
size and wide spacing mean that the grade of the pognutite )
and/or aplite b;dy, as a whole, is generally not economic.
Molybdenite 1in pezlatite occurs in'large crystals or rlﬁkes‘
"and in aplites as radial or rossette~-like aggregates,

 The group of depositg'tor-od epigenetic are deposits

formed by igneous and metamorphic processes in which mineral-

ization i3 younger thgn its host rocks. A widespread type

of occurrence, but uneconoaic 1n Mo content 1is in veins.
Pegmatitic quartz veins contain various amounts of r.iasp.r
and ntcn‘vith associated Mo and Bi, &nd represent a transition
from pegmatite to simple quartz veins. Quarts vc;ns virj'ln
width from a fraction of a centimeter to several meters, and
in linoraloxy of assoclated sulphidos, for pyrito is common
~.and chaloopyrito, lphnlorito and (ulcna may, Or may not be

R gLy ————— T S
.
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present. Molybdenite is a common accessory mineral in gold
veins, especially in Prqcalbrian areas. fhero 1s a transition
between molybdenite-bearing quartz veins wigh few accessory
base-metal sulphides, and veins which are dominantly com-
posed of Epe later minerals. Molybdenite is recovered from
a few dopdiits, but as a wﬁolo no significant quantity of
molybdenite has come from such deposits. )

Rorphyry deposits, the second type of epigenetic

deposit, account for over 30% of Free World Mo production,

approximately 65% from porphyry Mo deposits and 25% as a

by-ﬁroduct from porphyry Cu deposits, ind the trend 1is
toward an even greater growth in the percentage of world
production from these deposits (Clarky 1972). Recent
publications (Lowell and Guilbert, 1970; Rose, 1970;

Jumes, 1971; DeGeoffroy and Wignell, 1972) have developed
the concept that there are unifying geologic characteristics
which are displayed to varying degrees by porphyry Cu and/or
Mo sulphidoldoposits, cqnsistin; of disseminated and stock-
work veinlet sulphide mineralization emplaced in various
‘host rocks that have been altered by hydréthornal solutions
intp roughly copccntric zanni pattorns.‘ Porphyri copper
doﬁosits cantain pyrito, chalcopyrite, and molybdenite

1# that order of abundance and contain ore values in Cu, Mo,
Au, Ag, and Re. They are generally associated with porphyritic
quarts-monzonite intrusives. Clark (1972) documented the




concept of porphyry Mo deposits as a type to be distinguished
from porphyry Cu-Mo deposits, for with the exception or‘
Climax, Qolorido which recovers by-product Sh, Mo is the

onl} element of economic importance in porphyry Mo deposits.
The deposits are related to siliceous oversaturated stocks
which have a petrological composition ranging from grano-
diorite through quartz-monzonite to granité. Pyrite is the
most abundant sulphide while other sulphides (chalcopyrite,
spnalerite, galena, pyrrhotite) in addition to molybdenite
oceur in minpr quantities.

Heinrich (1958) has described an association
bétween U and Mo in a number of deposits which are chiefly
draninite-molybdenite tactite d8posits. The U-Mo association
has been reported in a wide variety o; deposit types which
include pegmatites, base metal veins, skarns, pyroxenite,
metamorphic rocks, Colorado Plateau U deposits and porphyry

.deposits (Soregaroli, 1975). This association is manifest in

many different typqs of Mo deposits, however, in most re-
ported occurrences either Mo or U is the dominant metal

with the other element occurring in trace or very minor

asounts. Soae doposits.contnin recoverable quhntities of
both ietals and according to Tugarurov et al. (1973) con-
stitute an indephndent type of ore deposits which 1is most
often related to continental volcanic formations, predom-

inately of lithophilic co-ppsition.
JI\




Many replacement bodies of lime-silicate minerals

or skarn carry low erratic values in molybdenite which is
recovered as a by-produ;t. fhis type of deﬁbsit is common
in the Cordillera of Canada where limestones liave been
metasomatically altered near granitic intrusions. These
deposits have a variable ore mineralogy, some carrying
-only molybdenite while in others au or W or Cu are the
principle economic metals with accessory molybdenite. In
the Grenville province there are numeroPs occurrences of
possibly metasomatic deposits consisting of dlopside with
or without feldspar, mica, and calcite heavily mineralized
with pyrite and/or pyrrhotite an@ molybdenite.

The last group, those molybdenite occurrences of
secondary origin, are not significant in quantity or eco=-
noaically. They can be divided into two types, sedimentary
accumulations and weathering enrichments. Sedimentary
éccunulations occur in manganese nqdules, saprolites and
pelites. Precipitates as ferromanganese nodules and en-
crustations are found abunaantly spread over certain areas

'of the ocean floor and contain up to 3,006 ppa Mo.
Saprolites (mud rich in orgenic matter) in the Dead Sea
asphalts contain 100-1,000 ppm Mo. Silts and muds (pelites)
of the slightly metamorphosed Kupferschiefer of Mansfeld,

Ge ny; contain 50-200 ppm Mo, apparently precipitated

K:fsea water by the hydrogen sulphide-rich reducing
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environment, which is recovered as a by-product. The sand-

stones of Colorado which contain carnotite (U-V) depostits

contain Mo in the form of ilsemannite. Weathering enrich-

ments of Mo occur in the oxidized parts of some Pb-Zn

deposits in arid and semli-arid regions of the world

(McInnis, 1757). They contain wulfenite, minerals such

PP

as vanadinite and descloizite. The origin‘of the Mo and V

is obscure, but they were apparently introduced after oxi-

dation of the deposit, possibly having been leached from

adjacent V-Ho bearing shales.

2.4 Distribution and Origin of Molybdenum Deposits

Molybdenur mineralization 1s widespread in both

space and time, with numerous occurrences 1in Paleozoic

‘orogens and Precambrian shield areas, although economic

concentrations are almost solely restricted to Cenozolic-

The distribution and origin of

Mesozolc orogenic belts.

these deposits is probably best considered in the context

of the theory of lithospheric plate tectonics, an extension

of vwhich proposes that certain types of eéononlc mineral
deposits are uniquely formed in specific plate regimes.
Guild (1971), Slykins (1972), Pereira and Dixon (1971),
Sillitoe (1972 a, b, and c), Mitchell and Garson (1971),

Ao o T o, i, Vg e e .

and Godwin (1975) have all pointed out the general relation

betwveen porphyry deposits and consuming pllﬂo margins,

Because of the economic importance and resultant attention

given to them in literature the implications of porphyry

type deposits will be considered first.

..... - s AW ERERS PR OF . ey,
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The majority of the world's porphyry deposits are'.

distributed around the Pacific and in the central portion
of the alpine orogenic belt. They range in age from less
than 5 to 200 m.y., although Precambrian shield deposits
(Kirkham, 1771b) and Appalachian deposits (Hollister

et al., 1974; Kirkham and Soregoroli, 1975; Allcock, 1975;
whalen~and Hodder, in prep.) have also been documented.
Kesler (1372) has subdivided these consuming plata'margin
deposits according to Cu-Mo-Au abundances into: (1) a
Cu-Mo type which occurs mainly in continental or cratonic
areas, and (2) a Cu-Au type which wccurs mainly in island
arc areas. Hodder (1974) has proposed a more detalled
subdivision by subdividing the first type into cratonic
ind continental margin types. Sutolov (1963, 13970, 1974)
and Giles and Schilling (1972) have drawn attention to the
Re content of holybdenite in porphyry deposits, indicating
that Re content of porphyry‘Cu-Ho deposits is exceptionally
bigh vhereas in stockwork Mo deposits it is very low. A
Plot of Re versus Mo (Fig. 2) suggests a subdivision of
pofphyry deposits into a Mo type, Cu Mo type, continental
margin Cu-Mo type, Arizona Cu-Mo type and islind arc cu-Au
type, 1n order of increasing Re content. The Re content

may, therefore, be related to the conditions of formation

of the deposits in different plate tectonic settings. -

These typg:/gre‘discussod in the preceeding order:
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(a) The major economic porphyry Mo deposits are
jocated in Western North America, are cratonic in setting,
and generally occur continent-ward of porphyry Cu-Mo type
deposits in metal zoning models.

(b) The well exposed and intensely mineralized
central section of the post-Paleozoic Andean orogen has
emerged as a model for the generation of ore deposits at
a convergent plate margin (Clark et al., 1976; Sillitoe,
1976). The porphyry deposits of this orogeg can, therefore,
be considered as the type examples of this tectonic setting.
These continental margin deposits are Paleocene or younger
in age, higher grade in Cu and lower in Re content then
Arizona deposits. Their emplacement is apparently related
to deep crustal weaknesses resulting from vertical tectonics
(Hollister, 1974%; Sillitoe, 1976). Origin of the deposits
1s best explained in terms of Sillitoe's 1972 and 1973
models of emplacement of magma derived from an underlying
subduction zone, with resultant formation of porphyry
deposits beneath stratovolcanos during the final stages
of calc-alkaline volcanism. If the Andes represents a
realistic model then older deposits of this type may not
be numerous. The Andes is underlain by an extensively
thick (70 xm) crust (James, 1971), the existance of which
flay be the result of a long lasting period of subduction
Suppressing the mantle isotherms beneath the area. Cessation
of subduction probably would be followed by mantle homo-

ﬂenization, extensive basal crustal anatexis and voluminous
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granite emplacement accompanied by uplift and erosion of
overlying porphyry tjpé deposits. The’ large poorly
mineralized coastal batholiths of the Western U.S.A and
Canada may be the result of such a process.

(¢) The éouthvestern part of the United States
and adjacent Mexico has long been considered as an excellant
example of a Cu metallogenic province (Spurr, 1 323) for it.-
contains an anomalous number of porphyry deposif.s, wvhich
formed at 170 m.y. and betwee.nn 65 md-SS @.y., and which
contain high Re content. The ﬁeposi_ts are within the &sih
and Range structural province which is usually taken to |
constitute the last 30 m.y. but Lowell (1373) points out
that this is probably not the case and that structural
deformatioa and extensive igneous \acti'v:l.ty vere sonew,tut
eplsodic. but more or less continuous from Jurassic through
Late Tertiary time. The area has been the object of many
plate teetouiclinterpfetations (McKenzie and Morgan, 1363;
 Atwater, 1970; McKee et al., 1970; Scholz et al., 1971;
Christiansen and Lipman, 1972; Lowell, 137%; Churckin aad
McKee, 1974), which make it plain that the thin layered |
subcﬂontinéntal crust of the a;-ea may be inherited from
Palaeozoic marginal ocean basins. formation of depos;ts
in such a crust vou'ld be facilitated, for extension would
form zones of weakness to tap deép ngu sources and the

resulting deposits would not be readily upllffod and eroded.
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(d) Porphyry deposits in 1slandn arc areas have
high 'Re and Au, minor uneconomic accessory molybdenite,
lower tonnage, younger age and less extensive alteration
of host rocks. They represent a part -of the subaérial
comagmatic-volcanic history of 1s'l'and arcs.

Other Mo deposits formed in an Andea'n type con-
vergént ;)late- margin are vein, natasmué‘, aplite-pegmatite
and U=-Mo types. Agcordi.ng to Siilitoe (1973) deep levels
of porphyry deposlts are characterized by pegutitel which
suggests that such showvings represent deeper levels of
erbsion. Significant Mo mineralization is minor or abseat
ri.n' island arcs constructed on oceanic crust while Japan,
which 13 constructed on a detached segment of continental
crust, has numerous vein and skarn type Mo mineral
occurrenges located in the portion of Japan distal from
the trench (Ishuura,' 1973). Rifts are another type of
plate environment in which Mo mineralization is sparse,
except possibly for the Kupfershiefer sedimentary Cu deposits
from which by-produ?t molybdenite is recovered. Precambrian
shields gontain numerous, gonornliy uneconomic occurrences
of most types. The relation of this mineralization to
plate tectonic processes is not Teadily apparent but it is
usually related to granitic rocks distributed within or near
the uigina of greenstons belts, rather than to the large

Precanbrian gneiss-granitic terrains. The forrmnunoso
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nodules and encrustations f}on the ocean floors are an

intra-plate tipe deposit which are variably enriched in

Ni,. Cu, Co, Ti, Pb, U, Ag, Asy 2n, and Mo, depending upon

both proximity to potential magmatic sources, the environ-
ment of deposition and redox potential in particular

(Cronan, 1972).

It is apparent from these patterns of distribution

of molybdenite deposits, summarized in Flg. 3, that‘ the most
significant concentrations are related to destructive plate
margins, occur 11;1 .reﬁs underlain by a continental crustal
‘basement, show & close ganatic'x:elationship to granitic
mtfusions and occur more continentward than other important

mineralization. An empirical relationship to subduetion can

be suggested, but the actual origin and the mechanism of Mo
‘deposition could be the result of one or a combination of
factors. These include crustal contamination, deeper down-
~—-dip‘ melts off a subduction zone, difference in dip of a
subduction zone, vafl;tlon in metal content of subducted
oceanic crust and groatqr distance of rise of a melt off _
a subduction ione with atténdént. greater time of fraction-
ation and differentiation. It appears, however, that the
presence and involvement of continental crust may be the

most important factor in the formation of Mo deposits.
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CHAPTER 3

GENERAL G?gLOGY

1.1 General Statement

The Canadian Appalachian structural province has

been subdivided into nine zones based on different "Ordoviclan
and earlier depositional and/or structural his$ories”
(Williams et al., 1972 and 1974). The study area lies in
the western portion'of the ‘Avalon Zone or Zone H (Fig. 1).
- The hain work of the present study was concerned with the
Ackley City granite and its aséoqiated nineralization with
'reconhaissance observations‘;nd sampling of the country
rocks. Examination of the geochemistry andvpefrology'of
the volcanics is‘being undertakan as part of a separate
study (Whalen and Strong, in prep.), but the following
chapter 1s based mainly on the work of white (1939) and
‘Williams (1971).

" .The two main opposing interpretations of the
strntigrap'hy of the area are given in Table 3, and the
gooiogy according to wWilliams (1971) 1is given in Fig. k.
The eastern part of the map-sheet is underlain mainly by

a thick succession of silici¢ and minor mafic volcanic

rocks (Belle Bay Forutqlon), overlain b'y,g‘r'oy sedimentary
rocks (Andorsoh Cove tomtioh). mixed hui; voz‘lea.ni.c and
red sodilﬁtaf: rocks (Mooring Cove Formation) and thick
‘purple to red clastic sediments (Rencontre rorn'gtiou).

b
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TABLE 3

Stratigraphic Succession in Belleoram Map Area

Period

White (1939)

Williams (1971)

Pleistocene

glacial outwash

glacial outwash

Devonian

~

Acid & Basic Dykes

Ackley Batholith

Acid Dykes
Basic Dykes .
intrusive contact
Belleoram Stock
intrusive contact_
Great Bay de 1'Eau Formation
unconformity
Ackley Batholith

Devonian

or
Earlier (?)

Rencontre Formation

unconformity

Pyroxenite , gabbro, diorite
intrusive contact
Pools Cove Formation

regional disconformity

Cinq Isles Formation

Ordovician Long Harbour Mooring Cove
volcanics
Series Anderson Cove

slates

Belle Bay

volcanics

*Ordovician Youngs Cove Group Gamgison Hills Gneiss
or Hermitage Fault
Earlier Doten Cove Formation Simmons Brook Batholith

not in contact

Cambrian or
Late

Bay du Spyglass Cove Formation
Nord Tilt Point Formation

Precambrian Series Poole's Cove Formation Young's Cove Group

Bay d'Est Formation

Spoon Cove Formation
Late Gneissic granites Long Rencontre Formation
Precambrian Gneisses Harbour Mooring Cove Formation

Series Anderson Cove Formation
Belle Bay Formation

LE -
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These four formations, the Long Harbour Group, are overlain
in local areas by Cambrian or Late Precambrian rocks of the

Youngs Cove Group., All these rocks are folded about north-

S Y B M i A AP b 3 e -

east trending axes and cut by batholithic intrusions of pre-

artr.

Devonian, Devonian and post-Devo.nian age. Between Cing
Islands Bay and Cdrbin Bay, Upper‘Devonian conglomerates

of the Great Bay de L'Eau'Formation.unconformably overlie
Cambrian and Late Precambrian rocks. The area between the
East Bay Fault and the Hermitage Fault is mainly underlain
by the Simmons Brook Batholith which is unconformably over-
lain by red sandstone and limey shale of the Cinq Isles
Formation in turn overlain by red clastic sediments of

the Pools Cove Formation.

The main difference between the qbove inter-

‘pretation of Williams (1971) and that of earlier workers
(white, 1939; Widmar, 1950; Smith and White, 175% and
Bradley, 1962) 1is the age of the ﬁong Harbour Group (Table 3).

Eariier workers interpreted the Belle Bay Formation to over-
lie Cambrian strata unconformably while Williams indicated
that ‘the boundaries ar;‘;}nlts, an interpretation which
is supported by a whole rock Rb/Sr age of the volcanics

. of 500 m.y. The following sections give brief descriptioans

of the difreiont.rorlations except for the Ackley City
Batholith vhich is examined in detail in the next chapter.

i
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j.2.1 Belle Bay Formation
The base of the Belle Bay formation is truncated

by the younger granites while the top of the formation

is marked by the overlying grey sedimentary rocks of tpe
Anderson Cove Fgrmation or where the dominantly volcanic
assemblage ls succeeded by the alternating sedimentary and
volcanic units of the Mooring Cove Formation. This formation,

which constitutes the major part of the Long Harbour Group,

forms a southward-facing succession between East Bay and
ﬁal Bay with thickness estimated to be at least 5,000 feet.
The Belle Bay Formation consists of mainly silicic

volcanics with lesser mafic volcanics in alternating units
from 300 meters or less to 1,000 meters or more thick and
minor tuffaceous sedinen;ary rocks and purple sandstone.

The silicic volcanics are mainly pink to purple and réd
4nyolite flows, ignimbrites, lithic tuff, crystal 1ithic
tuff, agglomerate and spherulitic rhyolite. The mafic '

volcanics are mainly green to purple amygdaloidal basalt.

Rare tuffaceous sediments occuf mainly in irregular bands
and lenses among the volcanics. '

3.2.2 Andersons Cove Formation

The Andersons Cove Formation is a distinct sedi-

mentary assemblage of finely laminated gréy argillite or
shale vith wavy irregular bedding, grey siltstone and grey

" sandstone that overlies the Belle Bay Pormation. The
formation is probably 300 to 450 meters thick.
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The base of the formation is marked in most pl‘aces '
by a purple to red volcanic boulder cpnglénerate, purple
.sandstone and pebble-conglomerate or red crystal tuff and
agglomerate. The overlylng coarser clastic rocks occur
in beds a few lnches to a foot or more thick. The argillites
commonly display 10 to 15 laminae in a .5 centimeter strati-
grgphic thickness.- The grey clastic sed\mentary rocks are
nonofonous’éxcept at the base of the forma¥jon where purple
argillite and sandstone interlaye;; are present. '
.2 or ove For
The Mooring  Cove Fornation is dominantly & nixod,
volcanic assemblage that overlies the Andersons Cove
Formation and 1is succqede& by sandstone of the Rencontre
Formation in Hoop's Cove qnd Long Point Synclines.
3imilar rocks between Mal Fly and East Bly directly
overlie the Rencontre Formation. The tbickno?s of the
formation varies from 450 meters to a maximum of 750

0

meters., . ‘ A

The Mooring Cove Formation consists of minor red
to pink rhyolite, amygdaloidal and porphyritic basalt and
assocliated purplo to zroy sedimentary rocks. Fifteen t
forty-five noters thiqk individual mafic flows are easily ’
distingulshable by means of brecciated and more highly |

anygdaloidal flow tops. Purple to red snndstono; conglo-

merate, and argillite occur interlayered with the volcanics.
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3.2.4 Rencontre ‘Formation

The Rencontre Formation overlies the MBoring Cove
Formation, its base being drawn at the top of the highest
volcanic unit in the Mooriné Cove Formation. The formation
is present in the axial zones of the Femme, Hoop Cove, Long
Poin£ and Mal Bay Synclines. The thickest:section of 1,500
meters 1s exposed across Rencontre Islangd.

The Rencontre Formation consists of pale purple
and deep purple, grey and red, crossbedded 'sand stone, red
micaceous sandstone, and pebble-conglomerate, with thin
interlayers of bright red siltstone, sandstone, and
argiliite. The formation apparently thickens and.coarsens
from west to east suggesting derivation from the east, a

relationship which is supported by the direction of cross=-

bedding‘and cut and rill structures (Twenhofel, 1347).

. oung's Cove Grou
The Youﬁg's’éoge Gréup is a sequence of shales,
siltstones, and sandstones that form a thin northeast
trending bplt in the type area Qlong the ;aqt shore of
East Bay., It appears to conformably overlie redbeds of
the Rencontre Formation and has an estimated thickness

of 600 meters in the type area (White, 1939). The Young's
Cove Group consists of grey to green micaceous siltstone, '

light to dark grey shale and argillite, and grey to green

micaceous sandstone. Trilobite fraglents of early Middle

Cambrian age are present 1n the Young's Cove Group.
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1.4 Simmons Brook Batholith

The Simmons Brook Batholith is considered to be
Ordoviclan or earlier, as it is unconformably qverlain by
the Cinq Isles Formation of Devonian or earlier age. The
batholith is a composite, elongate 1ntru;10n which'is com-
poéed 6f pink to grey, medium- to coarse- gralned granite
and granodiorite with locally predominant dark green
mafic intrusive rocks. The mixed acid to mafic lithology
and foliation of the batholith distinguishes it from the
homogeneous ahd undeformed A9k1ey and Belleoram intrusives,
3.9 Garrison Hills Gneiss |

The Garrison Hills Gneisses are coarse-grained,

foliated and porphyroblastic biotite gneiss, muscovite-

biotite gnelss, and fine grained, pink foliated gneiss
that is interpreted as mylonite. Everyvhe;e along their |
southeastern margin the gneisses aré‘bounded by faulgs,
which were interpreted to reprgsent part of -the funda- |
mental break which in Newfoundland separates the Avalon
zone from the Centr;l Moble Belt (Williams, 1963).

3.6 Cing Isles Formation

The Cinq Isles Formation forms a northeast

'trending, steeply southeast-dipping succession approxi-

mately 0.8 km widot}hnt extends from Parsons Cove in
Bast Bay southwesterly to Salmon River, and 1s missing

or preserved only in local patches elsewhere. It'is
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approximately 300 meters thick. The formation 1is composed
of red micaceous siltstone and shale, grey and reddish
crossbedded sandstone, grey micritic limestone and qmirtz-
pebble conglomorate (Calcutt, 1374).

3.7 Pools Cove rormation

The Pools Jove Formation forms a northeast

trending, southeast-dipping succession which has a thick-
ness estimated at between 1,200 and 1,500 meters. The

formation is separated into three mappable uni.}'ts, a basal

t thick

~unit approximately 150 meters thick consistinz of coarse

red conglomerate, a central unit about 400 fe
consisting mainly of coarse arkosic sandstone/ and arkosic
conglomerate, and an upper unit of boulder c nglomerate

and coarse arkosic sandstone interbeds. !
|

i

3.8 Mafic Intrusions : !:

A wide variety ‘of smsll mafic 1ntrfusions occur

throuéhout the area, some of which are nortkifwestr trending
‘dykes of Devonian age, however another grou;; oi‘ intrusions
occur as northeast -tréndi.ng 'dykes and sills, and as small
plugs, and éut only Cambrian sand older rocks. They in-

clude dioritic, gabbroic, and ultramafic rocks.

.3 Great Bay de L' ormation |

The Great Bay de L'Eau Formation occurs only at

Corbin Head Promontory and consists of relatively imdefornod

lﬁyered conglomerates. which strike parallel to the shoreline.
- and- dip gently to moderately inland, forming an open synclinal
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structure. it least 500 to 1,000 feet of strata are exposed.
The formation cons‘istA of poorly bedded purple to red, grey
and buff cobble and .boulder conglomerate. Clasts within
the rock are in most cases similar to immediately under-
lying rocks and therefore pebble or clast lithology changes

markedly where 1t overlies contrasting rock types.

3.10 §§L leoram Stock

————  The Belleoraui Stock occupies the southwest corner
of the area and intrudes the Long Harbour and Youngs Cove
Groups toward the north, and to the southwest it intrudes
the Upper Devonian Great Bay de L'Eau Formationm. It is

composed o£ uniform grey to pink massive granite which is

medium grained and equigranular, with potash feld\spar and
plaglioclase in roughly equal amounts. It has between 10'
and 20 percent mafic constituents, chiefly amphibole with

lesser biotite, and usually not more than 10 percent quartz.

4

T i s X v,

The Belleoram granite has been dated isotopically at 400.
and 342 million years (Wanless et al., 1965, 1767) but
because it intrudes Ithe Upper Devonian Great Bay de L'Egu
Formation a Late Devonian or Early Carboniférous age is

probable. e

hEN

11 8 Hocks
e ' - )
A variety of dykes of unknown affinity and age
occur throughout the map area. ilmost all trend north-

northvest and are steeply dipping or vertical. They vary
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in width from a meter to a few tens of meters, rarely
exceeding 15 meters and range in con;poSitioh from basic
to intermediate to acid with the more acid varieties

¢ being most ‘abundant.
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~ THE ACKLEY CITY BATHOLITH
4,1 Introduction .

The Ackley Clity &tholith intrudes Precambrian
rocks of the Long Harbour Group,:the Love Cove Group and
the Husngavetovnu Group, Cambrian rocks of the Young's Cove
Group, all in the Avalon Zone, and Middle Ordovician
(Jenness, 1763) or Middle Ordovician and Pre-Ordovician
(Kennedy and Hchniggl, 1372) rocks of the Gander and
‘Davidsville Groups inm the Gander Zone (Williaas M;,
13972). The name 'Ackle.y', first used by White (1939,
1940) for the granite that constitutes the nofth_ern part

“of the Beneo'rani (Rencontre East) map area, vas subse-
quently used by Braclley.(1962) for the eastward extension
of the-batholitt; and by Jenness (1363) and 'Juuus.(1968)
for the northward extension of the ’bgthollth. Workers on
the southerfx (White, 1939; Bradley, 1962; Anderson, .1965;
Williams, 1971) and northern’ (Jenness, 1963; Willlams,
1968) parts of the Ackioy City Batholith have considered

it to be Devonian earlier on -tho basls of correlation

with known Devonian granites and more recemtly on the basis

of goochrduoiozlcal evidence. The Ackley granite has b«ix
,dnt'od by. the K/Aor method as 350, 368, 365 and 352 m.y.

giving an 'avcraio age of 365 2 15 n.y. (Jumon,l 1963) and
by vhole rock Rb/Sr as 345 % 10 m.y. (Bell and Bleakinsop,
1975, e |
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4.2 Structure
The overall concordancy of the Ackley City Batholith

with x:egional structural trends indicates that the‘euplacenent
of the pluton was largely controlled by the pre-existing
structural framework. However, the'\ny in which the granitic
rocks often crbss-cut large scale anticlinal and synclinal
structures, the sharp mtrusive. nature of the observed in-
trusive contacts, and the lack of any $pronounced internal
structures indicates that the intrusion was post-tectonic
and relatively passive. The post-tectonic emplacement is
éuppprted by the presence of roof pendents ‘m the south-
east ﬁnrt of the mtn‘xs‘ion which contain pre-emplacement
large scale fold structures. Horeover‘,vas shear zones

and faults were rarely observed within the batholith it
appears the pluton has not undergone any major deformation
since its intrusion. v .

Internal structures vithin th§ grﬁito are not
present or only of locak oxtcht,. for no alignmeat of.
constituent minerals, such as biotite or feldspars, vas
obnrnd in the study area or in samples colloetod on a
regional scale from the intrusivo by Strong et al. (197'«»).
There are samples, however, vhich display a strong
foliation consisting of quarts-feldspar and biotite-
epidotecalcite-hornblende rich bands (CD 472, 496, 497,
498). The doforioq-otalorphic fabric and the fact that
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geochemically they are more mafic (higher in Fe, Mg, Ca

and Ti and lower in Si and K) than other Ackley samples

suggests th,it these rocks probably represent older
gneissic material which has been upped as part of the

Ackley City batholith. . ,
A stereogram plot of poles to joint planes from

the Ackley granit.e‘d.n the sf.udy@req_;_(?ig. 5) suggests .
th#t'there are three nearly vertic;l sets along with al
fourth set which is upproxintely’}horizonta1. Orientation
of the joints in the country rocks in the vicinity of the .,
granite is similar to those within the granite, but much
more variable in detail. The major trend 1s NW-SE with

less important sets striking E-# and HE-SyIt. The sub-.

horizontal joints, which dip very gently and have variable
strikes, roniné_Sheetmz strm‘:fu.res, ‘'were probably pro- .
duced as a result of tension perpendicular to the roof of

the batholith during cooling and later accentuated during
renoni by erosion of thq superh_xcmbon; load of host rocks.
The other joint di_.roctioni may be interpreted in teras of
the 'Vco‘ncc'pt of the strain ellipsoid described by Ban.sey

- (1967). The directiod of greatest compression (P) could
be lnterpre'ted as being oricntatod iidwly between the NW-SE
and NB-SW striking Jélnta at 01()_° while the direction of
greatest release 13‘ perpendicular to it and approximately
parallel to the B-W striking joints (Plg. 6). With such
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an orientation of stress the NW-SE and NE-SW Joints represent

a conjugate set of shear fractures developed at 31° to the

princ‘iple stx:eas while the E—W.Joints s'et are tension

factures developed parallel to 'the direction of minimum
stress. nu‘ direction of maximum stress 1s at variance
with that sukée;ted by known regional structural featurqs
(uix;ly NW-SE), and since it represents analysis. of‘ joint
data from such a small area no majQr rdgional u_plication‘s -

»

‘can be inferred.
, Hl;notic measurements vhich have beon nde over

the Ackloy,City batholith (Fig. 7) indicate that there is
a ngt;tic hiéh over the central part of the intrusive of.
the order of 1,400 to greater than 1,600 gammas, vhile it

" is bordered to tho ust and vest by magnetic lws of the
order of 800 to 1 000 gammas. The buic volcuucs of the
I.on; Harbour series and the roof pmdents ln tho Bathalith _
in the south and the ntalorphic and granitic. roeka to the
north are nflocted by lunctic hi;hu.v Grauty measurements
whlch have been made oY.r the Ackley 01ty batholith (Fig. 8)
maieato that there 1sia gravity low over the intrusive

" averaging lpproxmtolyb <30 milligals and varying betveen
0 and -115 lnunls. "mo host roeks to the vest have lov
poutin values \mue he rocks to the south and east are
chanctoriud by quitq strongly pouun values. The
;rmttie and nta-o" ¢ rocks to the north of the i_.n-

|
O |
L™
% ."’V
41
£
Lty
§
£
¥ -
S
ﬂf,’
Mt
”

Y

Wt
s ekt
!

>
£

trusive are reflected by -huativo gravity values.
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Figure 7. Aeromagnetic map of the Ackley City -

batholith, solid NE-SW line is the
location of the aeromagnetic cross-
section in Fig. 9a. Aeromagnetic
data from Map 7048G (1968) - Gander -
Lake, Map 7326G (1971) - St. Laweenee,
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and Map 7330G (1971) @ Belleoram.
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Figure 8. Bouger anomaly gravity map of the
Ackley City batholith (in milligals)
after Dominion Observatory Branch,
Department of Energy, Mines and
Resources Gravity Map Series No. 53.
Thick solid NE-SW line is the location
of the gravity cross-section in Fig. 9b.
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V'Tho Ackley City bntholith in cross-section is re-
flected by & magnetic high (Fig. 9a), a fact which can be
explaihed by a.high magnetite content within the granite,
an explanation which is:supported by petrological studiqs
(see L4.k4). The higher values over the centre of the in-
trusive could bo the result of a higher content of magnetite
in thcse areas or by greater thicknessos of granite of the
same magnetite conteqt. The second cxplnnnti?n is supported .
by the close correspondence between the areas of na;netito»
hiihs and gravitywlois in the granite. The granite 131
charaktor%:od by a Bouger anomaly low in cross-section
| (Pig. 9b). A cros;-soc£10n‘copstructed usgﬁg the gravity
data and the rock densities of Weaver (1967) (Fig. 9¢)
suggests that the Ackley City batholith 1s a rgiativoly
_thin flat sheet approximately 2 ks thick.

\ . . .
_ The observed contacts of the Ackley City botho;ith
in the study ares are sharp, and sililgb contacts were re-
ported by other workers at the other margins of the intruiivo
(Bradley, 1962; Jenness, 1963; Anderson and Uilll;ls, 1970;

,Williams, 1971) except at the north-east margin vhere Jcni:osi

(1963) found it to be gradaticnal. The batholith has a thin

thor-al.notalorphic aureole uhich rarely ‘exceads 400 m,

except in the north-nst margin vhere the ntnouti- of
schists and ptragnoila OYer many square kilonotor: vith
addition of urgo qmtiun of potnh. soda nd sflica nkn
draving of cmtacts dirticult (Jmlq, ‘963). On the southern
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intrusive was calculated (c).
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margin thermal metamorphic effects are most apparent in

the sedimentary rocks of the Rencontre Formation and Young's
Cove Groups where original purplish red and grey sandstone,
siltstone, and shale have been converted to”’dark grey to
pale purplish, hard chérty hornfels (Willlams, 1371). At
Isle ; Glu Pond, Just west of the Motu Mo shpwing, mafic
~volcanic rocks of the Belle Bay Formation ﬁave been con-
verted to black hard hornfels near the granite contaét.

In thg silicic volcanic rocks thermal effects are less

noticeable. They are characterized by the developnent

of white mica on fracture ‘surfaces and pinkish red,

Arregularly circular alteﬂgeion spots vhich have dark
«

green chlorite centers within 20 meters of the-grgnlte
contact, At all observed contacts, hoer?r, fﬁ;re appgars
to be very little evidence for anything but thermal meta- -
‘morphlsm of the host rock. A lack of netasonat{sn of host
rhyolite, at least on a major scale,vis!compntible with
the analysis of rhyolites near the contact of the granite
in comparisén with the average composition of rhyolitic
focks of~the Belle Bay Formation (Table 4), there being

complete overlap of the compositions and no‘s&stenatic

variation in relation to.distance from the contact.

_The Ackley City batholith is, as would be expected
for a body of such sige, a composite intrusion. This was
suggested by Bradley (1962) for the Terren;:ovillo map-area,

I s AN
§ : #




COMPARISON OF THE CHEMISTRY OF BELLE BAY FORMATION RHYOLITE NEAR THE ACKLEY CITY BATHOLITH .
THE AVERAGE REGIONAL RHYOLITE COMPOSITION

Element Rhyolites at Motu Showing Rhyolites at Wylie Hill Showing Composition of Rhyolite Cumpoﬂg:g’of Belle
at Contact Bay Formation Rhyolites*
g:;::g:o from 30.5m 10ca 20 ca 2l,4m 117,63 2 cm A7 m .

75-9L  75-92 1597 69-2-110  69-11-441 69-12-135 ?%;12‘_ X o F o
810, 78.40 77.30 78.40 75.45 75.13 76.24 75.25 | 76.94 1,02 76.00 2,23
140, 15 .13 A3 .05 AT W12 .05 A1 .03 22 .08
A,0, 9.20 11.40 10.30 12,17 11,37 12.71 11.60 | 11.29 1.02 11.76 1.39
Fe,0, 1,10 100 1.62 2,40 2,76 2.09 3,70 | 2.10 .83 2.12 1.05
FeO .87 95 54 N.A. - oA, KA. . N.A. .79 .20 .58 .36
Mn0 02 .02 .00 .04 a2 .06 .02 Ob .03 .06 .04
Mgo 07 .02 .02 .02 .18 .02 .25 .08 .08 .08 .07
a0 .00 .00 .00 .27 2.57 7 .19 46 .81 b 21
N0 1.20  2.61  3.90 4,85 2.76 4,24 3.57 3.30 1.05 3.64 1.13 l
K20 6.60 5.19 4.91 4,95 5.06 4,68 .68 5.15 58 4,55 .92 \,3
1,0 SO 26 L27 .10 b A 123 | 4 % .59 42 :
Total 98.01 98.86 100.10 100.35 100.82  100.39  100.54 | 100.66 99.74
2r 82 783 845 5% 628 767 665 e 173 945 334
Sr 1 ND ND 10 19 6 8 13 12 24 40
Rb 262 219 208 213 193 187 216 213 22 174 48
Zn 24 37 25 61 40 105 239 87 67 112 105
Cu 9 2 20 36 40 3 138 30 42 7 6
Ba 28 24 19 461 475 446 420 ‘ﬂss 283 191 218
N 43 40 42 34 41 34 27 39 5 50 25
Pb 22 25 39 29 28 37 57 29 13 X 29
NL 21 13 13 6 9 10 45 22 9 1% 5
Y 186 7 95 118 124 126 112 15 29 145 45
cr 5 1 3 10 3 9 88 18 27 7 4
m 769 8% 854 1081 972 1097 1074 965 120 1360 419
n 1 ] 1 1 1 1 1 7 Ll

X = mean O = standard deviation n = number of samples ;

* = analyses from Whalen and Strong , in prep.
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and is further supported by Jenness' (1363) description of

the northern part of the batholith, However, no previous

attempt has been made to determine the nature, number,

extent and intrusive relationships of the different phases.

On the basis of examination of a limited number of samples
collected by Strong et _al. (1974) from the Ackley City
batholith (Fig. 10) 1t i{s possible to recognlize a number
of phases. There appears to be two major intrusive types,
‘megacrystic granite and alaskitic gnnite,:buf there are
also some minor leucocratic granitric phases and gneissic
granites in the batholith area. 'Lh§ extent and the location
of the contacts of the different phases is difficult to

" determjne on the basis of sample density, although the
géophysical data 1s of some assistance. The megacrystic
granites of the northern Gander zone are characteristized
b_y hig‘hly irregular magnetic: contours, a relationship wvhich
is ,t_,rua of the known area of that type of granite in the
northern part of the intrusive (PFig. 7). Om this basis

. and using the exti;i:t of a gravity low over the ‘thakite-

- phase (Fig. 8) an approximate contact is suggested betveen

1 the alastite and megacrystic granite (Fig. 10). The other ) .
leucocratie granite phases ;re of unknown extent, but - . S §
*i can probably be assumed to cover enly small local areas. o~

‘ . The a‘ount of area covered by older gneissic granite in L f
“4 . . the northern part of the intrusive is unknown.- Descriptions.
«J by Jenness (1963) -nnd-exinmtion,‘of similar aru.s further ‘
" north (Kennedy and McGonigal, 19?2';'.!1”:1'.!‘5;!" and B}rur‘, -

¥ ,‘r?’j—wzmg;tm‘ S . - R FINIERT LRI, e RS W, D ks
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Figure 10. Different intrusive phases of the Ackley
City batholith, based on indicated
samples from Strong et al. (1974%) and
boundaries inferred from differences in
aeromagnetic patterns (irregular in the
north and smoother in south (Fig. 7) and
gravity patterns (Fig. 8). The samples
with numbers (CD prefix omitted) are those
employed for whole rock Rb/Sr dating of the
batholith by Bell and Blenkinsop (1975).
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in prep.) suggest there may bé complex deformation-intrusive
relationships in the area, but recent whole-rock Rb/Sr age
dating in that Qrea' (Bell and Blex;kins,op, 1975) suggest that
such processes did not occupy a particularly long time sp@.
The megacrystic granite consists of subhedral to
euhedral light pink K-feldspar megacrysts (2-5 cm) in a
relatively equ_igrannlar,. medium grained, white to grey
matrix of lnterlocking anhedral quartz, subhedral feldspar
and small varlable anounti‘oé ragged biotite. Twenty thin

‘sections of the megacrystic granite were examined. Quartsz

forms compositely grained anhedral strained aggregates
(1-12mm). Plagioclase is subhedral to amhedral, 2-13 ma
in size, oligoclase in composition, 'nomll:y zoned, usually
dusted with sericite and occurs rarely in myrmekitic inter-
grovth with quartz (Plate 1). K-feldspar is poikilitic,
suﬁxediql to anhedral perthite. Some of the perthite
n_legucry.sts have pla‘iociase rils vhile o.t.hcr lujlery;ts

have inclusions vt_uch suggest discoatinuous stages of

grow;;h. The biotite is ragged, .5-5 = in size and

generally has chlorite alteration along clun;és. . Accessory
minerals include abundant magnetite, lesser sphene, zircoh,
apatite, muscovite, and a couple of sections contain radio-
active touruli.he (Plate 2). The nnp._lu'?‘or megacrystic
granite exhibit such great 'nrnbnitj in appearance in

teras of colour, amounts of different minerals pritcnt,'

idicmorphisa of megacrysts and grain sise that it may be

4

T S
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Plate 1: Perthite rimmed and replaced by myrmekitic
intergrowth of plagioclase and vermicular quartz,
K-feldspar megacrystic granite, crossed nicols,
X60, T. So CD—)+62.

Plate 2: Zoned subhedral tourmaline which has a
radiocactive halo when in contact with biotite
(circled), K-feldspar megacrystic granite,
¢rossed nicols, X45, T.S. CD=-179.
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reasonable to conclude there are a number of different
. * megacrystic intrusive phases. |

The alaskitic granite is a medium to coarse

' !
} gx;ined,_ equigranular, pinkish red rock consisting of
interlocking aggregates of anhedral quartz and pinkish

N o red feldspar, vith rare scattered biotite (Plate 3).

‘ . N Twenty-two thin sections of the alis’klto vere examined.
The quartz 18 strained, 2 to 8 mm in size and present
as compositely gninod, rounded aggregates. The plagloclase
is 1-7 mm in size, ollxéclase in composition ix.xd dusted

v . with fine sericite. K-feldspar is perthitic (Plnte k),

2-9 mm in size, anhedral, and poiklonti.e. The rare blotite
1s present as ragged, .5-2 mm, partly chloritized flakes.

'rbe main accessory is ugnot.uo but there aro also minor

sphene, zircon and rare fluorite. _Gnnophyric textures

are present in some snpl;s collected from within a km.of ‘

the southern centact. Modal analyses indicate a variable

- . composition, possibly due to the coarse grained nature

’ of thin sw§1m§ examihed, ot‘i\hrt; 25-50%, plagioclase B
14-26%, pethite 26-46%, biotite .6-3% and other less - o f
than 14. | | - T

The other leucocratic phases are either similar
to the -alaskite phase or are porphyritic, fine grained _
granites qr- aplites, lm of ihioh exhidit granophyric
textures, A number of such intrusive phu;s of the h‘tor‘f‘
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Plate 3: Alaskitlic granite phase of the Ackley
Batholith composed of red feldspar, quartz
aggregates, and rare ragged biotite, Sample CD-334%.

Plate 4: sStrongly ribbed stringlet perthite,
alaskitic granite phase, crossed nicols, X30,
TO So JW-1‘+3.
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type are the host rocks of the Ackley molybdenite deposits

‘and will be discussed in the next chapter.

The above described phases of the Ackléy City
batholith, the megacrystic phase which 1s composed
chiefly of quartz, perthite, plagioclase, and biqtito,
apd the more leurocratic phase composed essentially of
qui-t;x, porthito..md ],ossér pla‘éioclase can be readily
classified as granite and nlg’&iito ‘kl;anita; respectively

_(Moorhouse, 1957). They nr,e" clearly classified as uinly

granite cn a chemical basis, (Fig. 11), but some of the
megacrystic Samples are quarts monzonites and kaligranites
and some of the alaskite samples are kaligranites.

45 Geochemistry

This section nttupts to oxplnln the cnnaos ot

chemical variation within tho Ackloy City bnthouth and to
provide evidence for the different pha-sos of the intrusive -
‘constituting a plutanic sories, c-ploying d.ta from

Strong ek al- Q 974) and the author's own mlnes ‘of.

' u-plos nocr the sho\u.n.‘s.‘

l(ol.ns and standard deviations of the dlttorent
intrusive phases are proscntod in Table 5. Sono of _tho

elements have been plotted against Thormton's and Tutt]_,u‘/

(1960) differentiation index (normative Q+AbeOr+Ne+Es+Xp)
(Pig. 12 a, b). There iz 2 tcndmy in mo*plota, .

notably h, Ba/Rb’ and toul (as rozo3) tor the alaskite

|
t

e o g et
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Table 5
COMPOSITION OF DIFFERENT INTRUSIVE PHASES OF THE ACKLEY BATHOLITH
K-feldspar -Biotite Leucocratic Mg. Mg-Cg Alaskite* Mg. Alaskite Granite
Megacrystic Granite Granite Granite B
% o x o x o x o
73.62 3.13 76.73 3.49 79.00 2.68 76.50 1.91
.29 .13 .21 .15 .07 .05 .22 a2
13.65 .68 12.90 1.31 12.60 97 12.25 .67
1.67 .64 1.27 .69 .70 .18 1.17 c.b2
.06 .02 <04 .02 .04 .01 .05 .02
93 37 74 «55 -80 .12 .20 .13
1.06 .70 .60 -30 09, ro 43 18 .
"3.51 22 3.46 .39 3.29 49 3.44 .4
5.13 .58 5.17 .58 5.26 .58 4.80 .16
.64 .11
99.72 101.09 101.85 i 99,68
262 314 185 144 142 Ly 176 52
131 154 22 33 o 2 60 40
230 56 316 78 470 170 313 61
43 10 36 13 52 71 25 . 37
1 3 1 3 5 6 4 11
328 178 151 167 11 29 138 86
29.8 4.586 34.1 6.71 37.6 5.96 38.2 4.06
30.2 2.46 28.9 3.05 27.4 4.25 28.5 <93
29.6 3.35 30.3 3.47 30.6 3.39 29.7 3.88
4.3 2.40 2.59 1.51 4 .48 1.4 .72
89.6 93.3 95.6 96.4
15.83 11.61 7.94 10.88
1.43 .48 .023 oy
5.79 19.48 64.33 5.12
2.50 6.86 11.00 2.30
1.76 14.36 13.82 . 5.22
32 14 19 31
X = mean * - samples and analysis (Strong et. al., 1974)
O™~ standard deviation ** - statistical sempling of granite near showings

n - number of samples
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o phase samples collected by the author to plot differently e
S . froma similar samples of Strong et al. (1374). This 18 most ’

likely the result of different analytical methods, since for
major elements analysis was done by AAS and kRF, respectively,

while trace elements were done using different calibrations,

count processing methods, and KRF units.

The variation diagrahs for the major elements
(Pig. 12a) show that Ca0, Fez03 (total), and 41203 have a
negative correlation vi‘th dirferentiat-ion index. Siozkhas
a positive correlation, while KzQ increases thep decreases.
Na>C remalns essentially unchanged: c'aO,‘ and Fe203 (total)
decrease to much less than half their initial values, as
would be expected from differentiation, since these oxides
are concentrated in low silica minerals. The decrease of
A1203 especially vhen the differentiation index is ;Eut.er
than 95 can be attributed to the dilution effect of a
greater free quartz content, an explanation ﬁlch can also

" be used to explain the unexpected decrease of K20 at the

o same point. lazb remains essentially unchanged, for as

plagioclase feldspar content decreases with increasing

quarts cont;nt, the feldspar becomes increasingly sodic.

The increase of 810, vith differentiation index is expected

as free quarts c_ant‘-nt increases. - No variation diagrasms

vere drawn for vlhlo. T102 and MgO because their c_onccntrnﬂons

-vgro generally .lo_l.ov that differences dtn to di‘tormj j

analytical lgthoda become dominant. - o , g
§
f
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Figure 12a.
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90 95 100
Differentiation Index

Plot of major elements versus Thornton and Tuttle's
(1960) differentiation index for different intrusive
phases of the Ackley City batholith; (x) K-feldspar
megacrystic granite; (o) alaskitic granite, (a)
alaskitic granite near the showings.
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The trace element distributions are somewhat

erratic, especially in the case of Sr and Cu in which con-
centrations are generally~near or below detection limits.
Ba, Zn and Zr have negative correlations while'Rb has a
positive_correl&tion with differentiation 1index (Fig. 12b).
The negative corfélation of él is consls@ent with the t
general trend of a'difterentiating magma (Nockolds and
Allen, 1953§ Taylor, 1965) for Ba enters early formed

K minerals and becomes dep eted in late differentiateg.

of a magma. The trend of is as expected, for it nainfy'~
substitutes for Fe+2 in the b 6t1tes~or granitas'ahd there-
fore decreases as the proportion of this mineral decreases
with differentiation. Although Zr (Chao and Fleischer,
1960), would be expected to increase in concentration with
fractionation, tpe r;verse occurs, rerlecting a decrease

in zircon as determined by petrological studies. The trend
of Rb would be expected to closoly'follov that of K, the
only major element of éoupnrnble ifonic radius and ionization
potenti:;)//?a:;;hﬂpits a positive correlation but does not
follow K in 1its decrease at high vaiues of dlftenentl;tfon

index. This may be the rasult of the fact that the slightly

e &AM SN — e o —

greater size of Rba+ (1.474°) éylparéd to K*(1¢33A°) becomes
effective under conditions orﬂextgene rractloﬁation, with
Rb being slightly concentrated in later fractigms (Taylor,
"1965). Thus, latorvx-feldspars, though lover in abundance;

may cause a higher Rb content.
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Figure 12b. Plot of trace elements and Ba/Rb, K/Rb versus
differentiation index for the Ackley City

batholith.




The major and trace elements exhibit unifdrg,
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petrologically: ox;;lichble irends for the'différant intrusive

phases of the Ackley City batholith. These trands are

compatible iith the different phases representin'z-.a‘ plutonic

series with the aegacrystic granite representing the earliest

iatrusive phase and the alaskite granite being a later more

,hiéhly dittereptiated phase. A relationship which supports

’ o this suggestion is the negative correlation of the K/Rb
ratio wilh differentiation- index (Fig. 12b). The ratic

is olxpocted to decrease \iith differentiation and sequence

of mtrusion (Taylor, 1965), a relntionahip which has boen
documented by HKitler et g], '(1962); Teng, (197‘0) and others.
. The ratio seplrates lnd constltutes cvidenco tor different

P . stagés of dlf‘torenti‘ation of granites as they approach

'ujpr element uniformity with approach to the ternary

minimum (see Section 5.4.2).
(Fig. 13) shows a trend toward the zone of Rb enrichment | |

Tt;e plot of K versus Rb

.late Stau granite.

and indicated the alaskitic phase is'a
The negative corrél&tion of- h/Rb vith’ ditfcrentittlm

.tndex (Fig. 12b) 1s as expoctod, since Ba has a tandcncy

) to concont.nto in urly K linorala, ‘while Rb- ozhibits tho

oo .~ reverse trend (Taylor, 1965). Yor this reagon Ba/Rb nt:l.o:,
L ; like x/Rb ratios, provide a critical index of trncumtion. ‘

‘ e decreasing with differsatiation. The plat further sub- .

PEN

stantiates the sequence of related intrusive Phases,

z
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-\}iﬁ/eldspar-

Biotites

Stage Granites

1 ; g b
10 200 400 1000
Rb, ppm |

Figure 13, Plot of K (wt. %) versus Rb (ppm) for different
phases of the Ackley City batholith, (x) K-feldspar
megacrystic granite; (©) alaskitic granite; (e)
alaskitic granite (near showings) (diagram adapted
from Taylor, 1965).
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A plot ot‘ Rb versus Sr (Fig. 14) indicates that
all phasas plot 1n a sililar area forming a trend tovard
greater Sr depletion md Rb enrichment. The bntholith is,
as a whole, nore Rb enriched than rocks of the Sierra
Nevada Butholith as indicated by the samples plotting

‘outside fields ro_r, those rocks. The different phases of

the intrusive also trend toward increasing alkalinity with

| increaxing S10,, in terms of Wright's (1969) alkalinity ~

ratio' (Pig. 15). Hot only does this suggest‘ a}imetic
relationship between the different intrusive phases but it
also classifies the granite as alkaline to _e'x'tre-aly
alkaline, as distinzui'§hablo from the peralkaline St.

Lawrence 'granite ('i'cnz, 19?‘0). A final point 'of evidence
. ror a relationship between the different phases ot the
. Ackley City bathoiith is the ruct thnt thc whole rock Rb/Sr

age date for the intrusive hy Bell and Blmkinsop (1975)
was pobtalned using samples of both the leucrystie and
ahskite intrusive p!uus (see m. 10}, ' ,

| In summary, the goocholistrr :upjorts o!"‘is at
least consistant with there beinl x cenotic relationship
between the different intrusin phlus of the Ackley City |
batholith. |

™his uctim attﬁytl to emo anﬂ to 1n-

' vosti;qto tuo gmtic rohtionlh:lp lntun urim ;mito ‘
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Figure 14%. Plot of Rb (ppm versus Sr (ppm) for the
different intrusive phases of the Ackley
City batholith, *{x) K-feldspar megacrystic
granite, (*) alaskitic granite (diagram
after Kistler and Peterman, 1973).




Calc -
Alkaline

Alkalinity Ratio

O Alaskite Granite (near Mo showings)
O Alaskite Granite

X K-feldspar Megacrystic Granite

Figure 15. Plot of Wright's (1969) alkalinity index

((Al203+ Ca0 + total alkalis)/(Al,03+ Cal -
total alkalis) (wt.%Z)) for differen
intrusive phases of the Ackley City
Batholith. Dashed line is shift of boundary
between alkaline and peralkaline suggested
by Teng (1974%).
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plutons of the Fortune Bay-Burin Peninsula region and the

Ackley City batholith (Pig. 16). ' A geochemical ‘c'onpurison

. was carried out 0by plotting some major oxide p/erc"'entages' .

S J versus the Thornton and Tuttle (1960) ditter_éututlgh index
i (Fig. 17). The data for the various plnto;:xé is that of

‘:{j'" . Strong et al. (1974). /

3 _The trends of the Cape Roger Mountain and Swift

\,urrent. grmites are siailar, while fleld o\ridonce shows

that both have a similar go_ologic utym, both are
, roiiatod, md_a:e ﬁoxtnnlly and chesmically very similar
- (oinri'scoll, 1973;. Strong m;.,' 1974 Teng, 1974).

© Recent age datlng of the SVift Curreat at 510120 m.y.

(Bell and Blcnkmsop, 1975) indicates the trend may re-
The Jacques

present that of an older group of gnnitos.
Pontaine granite plots clon to the fiold of the Swift o
a fact vhich

Current and Cape Rogor Hounum ¢m1t03,~
supports Bradloy': (1962) su;;utton of it being gcnnticauy .
related to thea. The more acid phnu of t.ha co-posi.to.

acid to basic, Cross Hills ultrusin onrhp wvith both
trends, a fact vhloh coul& be cxphlnod by thc ulplin( ot
ol‘fahots or the noo.rby Ackley grmtto tn the nrn of the

3 | crou Bills l.ntmin. m: pl.llton lly aleo, thorotoro,

- ~ be genetically rohtod to th Mtt Carrent and. Capo Roger
llo\nuln_ intrusives, n].w !rgglpy (_\?62) ,,ego;d‘crod it

to be intermediste 1a sge betwsen the Cape Bbger Mowntain

.
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Ackley City Granite
Pass Island Granite
St. Lawrence Granite

Red Island Granite

Tack's Beach Granite
Belleoram Granite

Cross Hills Granite

Swift Current Granite

. Jacques Fontaine Granite
10. Cape Roger Mountain Grani

LCONOOPRWN—

i |

70 80 Q0 100
DIFFERENTIATION INDEX

Figure 17. Plot of Thornton and Tuttle's differentiation index

versus total Fe as Fe 03, Si0,, €a0 for different
south-east Newfound]aﬁd granitoids. '
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'grmi.tc-‘rcck'n Beach ;m&t»&t. h\trm. grmitc (Tomg,
. 197%). The Askley cmr hmionth Plots in . uou which
. ovorhpt vith tpo n-u- nt tln N.Lm to Bt. l.n\u-cneo
: gruutu. the umrnuc 'h“ vopying
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and Ackley City plutons. The Simmons Brook Batholith (see
Section 3.4) although mot indicated on Fig. 16 or plotted

in Fig. 17 probably beiongs to this trend also due to its
textura‘l ghnarity and foliated naturé (Greene and
O'Driscoll, 1376). '

<4

Tpe Ac‘kley City bgpholith lies on a second tr;nd_
océupiod nlsc; by the St. anreric-e, Red Island, Tack's Beach,
and Belleoram granites. The St. Lavrencé and Belleoram
granites are both known to be of Cur!;ouifer_dus age,

315810 m.y. (Bell and ;m-ik_m.op, 1975) and 400,342 m.y.
(Wanless M, 1965, 1967) rupoeti.voly, while the

* Ackley City. granite is tnovn (3‘05“10 a.y.) (Bell and

Bhnki.nsop. 1975) And the Red Island md Tack's Beach
considered to be of ‘Devonjan age. The Harbour Breton
granite, althaugh oaitted in Pigures 16 and 17 1s similar
texturally and probably in age to the Ackley City bathoMtn. .
The St. Lawrsace granite apjm'rs to be a late differ- ‘ i
-nthto ot a nm smhr to tlu Belleoram gnnito, a
mgosuon vhich 1- supportd by the snuur ud, and it -
appears that there is & tmcu.muon trund from Bouqoru

ing ﬁo ‘Aven on the
pl.ot rm tho a-uoorn to" tln !ul': hucl gtmtn ml-
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the alaskite phase ov'erlaizgalnost completely with the St.(

Lavrence granite. The yo est phases of the alaskite ~

(see Chaptu'er“j) are more or ;ks highly differentiated as

granite which are associate7 with the molybdenite deposits

the ‘St. Lawrence granite. |

4,7 Sumpary. ;

- ' The Ackley City bathollith 1s Devonian in age
(354%10) (Bell and Blenkinsop, 1975) and intrudes Precambrian
. and Ordovician rocks of the Avalon and Gander zones of the
N_evtoundlui&- structural province. The batholi;h is passive,
post=tectonic, has the form of an approxi'ntely'z km thick
sheet, and 1is chlrgeterizéd, by very low grade contact
thermal metamorphism without associated metasomatism. It

is a composite body c'pnsi-stin; of K-'feldsx-n,r megacrystic
granite in ‘t.hé'north, east and vestvuxjd alaskitié granite

ln' the southvest. Both th;se hitrusﬁe phnses are colposed
.umly of perthite, quartz, phgioolasc and biotite with
, accossory apheno, sircon, qpnt:ltc, toumuno and fluorite.
Geochemical date Ls compatibdle vith the different phases .
bom rchtqd, the alaskitic ;rmitc ‘being the younger, moTe
dur.r.nu.t.d puue. This phase » nccordm to x/ab ratios
13 a "late stage" gnnit-. The msmtn ’hnau trend
twuda lncrouiu nlkalmuy. tho I-toldmr uncrntle
nnin being alkaline Mh m chlkitlc ;rmito ip ex- ‘
tremely slkaliame. n- Ackhy cuy umm.n 1s of a |
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composition with geochémlcal affinities to the Pass Island,

Red Island, Tack's Beach, Belleoram and St. Lawrence

granites, although the later two are apparently younger.




‘were examined in detail and the sz';rrounding granite wvas

 are marginal medium grained gr(nite, fine grained pdr-

o
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| | CHAPTER §
, THE FORTUNE BAY MOLYBDENITE SHOWINGS
91 Qgﬁ ersl ]
The four main molybdenite shm;ix‘xg-s (Motu, Ackley
City, Crow's Cliff - Dunphey Brook, and Wylie Hill) are

located at the southwest contact of the Ackley City

bithbllth with acid volcanic rocks of the Belle Bay

Formation (Fig. 18). Another showing, Frank's Pond, is
located 5 km within the Ackley City granite and another

within a small granite plug cn Belle Island in Fortune Bay e
(Mg. 4). These showings, which have been the object of

a limited amount of assessment work (see Ciupter 1.2),

also mapped. 7
"The geology of the granite to the north of the

showings (Fig. 18) is generally monotonous alaskitic granite, -

as described in Chapter.4. It has sharp contacts with

rhyolite except in the area of the showings where there

phyritic granite, splite and pegmatite phases. These
phases, vhich are descrided in the following sections,

are not, however, restricted to near th§ comtact for they
extend vell within the alsskitic ;fa;it. phase northvest

of the Motu nhovmud _nﬁrth of tho_nnphéy Broog - Crow's
Cliff showing (Pig. 18). The rarely observed intrusive
contacts indicate that the finer grained phases are yousger.
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The granite was sampled at SOdnmeter intervals
on traverses spated 450 meters abart in an attempt to obtain
a statistical geochemical sampling of the granite, these
samples being those used in Chapter 4 as the alpskitic
granite near the showings.
5.2 Geolo ithology and Petrolo

;,2,1 Introdyction ’ . L.

. The geology, petrology of the different mappéd

inérusive units and the mode of minerélization for each

showiné are described separately. Although fhis is some-

what repetitious, especlally'ln regard to some of the
petrographie descriptions, it was considered to be the
best metho? to emphasize what are considered(to be
significant differences between the showings..

‘The different intrusive phases assoclnfbd'yith
the molybdenite showings are nodnlly classlflable as granites
(Pig. 19), as determined by point counts and,xﬁD methods.
There 1is no apparent Qf:tenatic variatioh'in the modal com-

posltiohs of the different intrusive units. A couple of

‘mineralogical characteristics also common torthe showings

are one type of lolybdcnltp polytype, and beglatite~alkali

' feldspar structural state. As all thc-shpyiﬁgﬁ bave

nolybdenité“na the oniy'ocononie sulphide, polytypiss of - -

four concentrates from sach shoving vere atudicd by tho

methed of Prondel and Wicksen (1970). Only the expected |
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“common JHq polytype was found (Fig. 20). FPegmatite alkall
fe‘idspar were examined gsing the method of wright and
Steward (1968) to determine structaral ‘st?ate (fig. 21).
The feldspars were all found to have anomalous cell para-
maters, indicateéd by their having nigher pfedict_ed 2@ values
for 201 then the measured values; however, Athey form a-
trend which indiéates they have a similar orthoclase
structural state. Anomalous unit cell para:r;eters would
be expected of pegmatite feldspar which would llikely
accommodate large residual elements in its cry‘s’cal lattice.
5.2.2 Motu Showing
The Motu Showing is located just east of Islé
a Gl.u Pond, and 2.3 km west of \Rencontre Lak'e at the
contact between®the iAckley city batholith and the Belle

Bay Formation (Fig. 18). Mapping of the showing (fig. 22)

has outlined two other intrusQ;ve units, medium grained
- granite and porphyritic aplite; Sharp contacts“have been
observed between these and alaskitic grani but not

between each other, which indicates th they may be

mutually gradational. The intrusive-rhyolite contact

varies in strike and dips approximately 30° south, while
sheeted joir:ts have the same dip, and strike 0859,

The porphyritic aplite is a miarolitic, fine
grained (average .2 mm), light pink rock which has
scattered anhedral quartz phenocrysts (2-4% mm}. It is

composed of anhedral perthite, anhedral to subhedral
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Figure 20. X-ray diffraction pattern for molybdenite (2H.)

: from Wylie Hi11 (bottom), and predicted patteins
for 2H, and 3R molybdenite polytypes (from
Wickhah and Smith, 1970). ,
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Figure 21. Structural states for pegmatite alkali feldspars
: from (+) Crows Cliff-Dunphey Brook, (x) Wylie
Hi11 and (°) Ackley City Showings.
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albite, and embéyed anhedral to eunedral quartz as
phenocrysts with stippled overgrowth rims and as an
anhedral strained matrix component{ The medium grained
granite 1s a pale pink, miarolitic, semi-equigranular :
rock composed of anhedral to subhedral, normally zoned
(oligoclase to albite) plagioclase (1-6 mm), strained
anhedral quartz (1-4 mm) in the form of composite
grained aggregates (4% mm), and poikiolitlc string and
bead perthite (1~6 mm). Plagloclase ils dusted with
sericite and in some cases altered to pale green, fine
grained clay minerals and granophyric intergrowths of
perthite and quartz (Plate 5) are common. JScattered
‘fine grained ( 1 mm) fibrous biotite aggregates are often
ribbed with chlorite. The Belle Bay Formation consists
of highly fraetured, dérk grey, flow banded rhyolite at
0359/55 NW characterized by contact metamorphic Aevelopment
of sericite parallel to this banding near the granite
contact, |

| Molybdenite mineralization occurs within the
intrusion along a length of approxlngtely'175 meters and
- a width of 25 meters adjacent to the granite-rhyolite
contact (Fig. 22). Diamond ﬂrili core data -suggests the
mineralization is in the form of a sheet, wiﬁh a true

thickness not greater than 10 meters, which plunges down

the contact at 300 south. It does nof, however, continue

\




l.[_:

Plate 5: Coarse grained granophyric intergrowth
of string perthite and quartz in medium grained
granite, Motu, crossed nicols, X30, T.S. JW=-99.

Plate 6: Coarse grained molybdenite rosettes

in drusy medium grained granite, Motu, scale
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down dip for a distance greater than 30 meters excgept in

the central part of the‘mineralized zon%. The molybdenite

mineralization generally occurs as erratdéetally distributed

coarse grained rosettes (Flate 6). There is no alteration

associated with the minerslization, although some of the

assoclated quartz may be secondary.

5.2.3 ackley City Showing

The Ackley City Showing is located on the east

- L

s’ Y R

side of Rencontre Zake in an embayment of the granite into

the rhyolite (Plate 7). Mapping of the area (Fig. 23) .

€§§5 outlined a number of intrusive types (pegmatite, fine
< .

N Co grained granite, aplite and medium grained granite)'as _ :
®

Well as a major alteration unit (quartz segregation) other

Lm0

than the normal alaskitic granite. The fine grained granite

]
and aplite on the main map (Fig. 23) includes medium grained 4

—

granite which was séparafed only in the more detalled

mapping of the mineralized zone. The fine grained granite,

aplite and medium grained granite appear to be gradational

in many locations, although rare sharp intrusive contacts
‘have been observed. A similar relatlionship may exist in

af’ some areas béfveen‘mg. granite and cg. alaskitic granite,

.
romey ¥y m“”"““""‘*‘f‘“ S biall 3

but sharp contacts were more commonly observed, with the

finer grained phases invariably cutting the coarser

grailned phase. The largest area of pegmatite occurs west

of the mineralized zone, but small pods were observed

near the’ intrusive-rhyolite contact in many locations.
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Plate 7: View to southwest, RencontrérLake in
foreground, rhyolite to south, granite to north,
with contact outlined, Ackley City Showing 1s

| within the embayment beside the lake.

Plate 8: Quartz segregation at the Ackley City
Showing, massive milky quartz grades into granite
With augmented primary quartz.
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‘This contact strikes'.at 0759 and dips 435° to 500 3 to form
.the hanging wall ofythe oreboéy;"Toward the east the contact
becomes much steepe; as 1t approaches the lake and prﬁceeds *
»north along the sidé of the lake. -

Phe quartz segregations consist of irregular pods.

or patches of milky white quartz which vary in size from a

few centimeters to mare than a meter. They appear to form'
.large "belts" which contain a high density of quartz
~segregations separatéd by granite with extensivé augmentation
of primary quartz. The pods are éharacterized by massive
quartz centres grading outwards into granit; with'speéks
" of pinklﬂekdspar, then Lnto'granite with augmented primary
quartz (Plate 8).

. ] Fegmatite, distinguishable from the quanpzl
ségreéétions only by the presence of coarse grained K-
feldspar, is similar to that which will be described in
detail for the Dunphey Brook-Crow's Cliff 3Showing, though
not as coarse grained or extensive, From mine dump
material it w;s recognizea‘that some primary pegmatite
clots or segregations consist of milky white massive

quartz surppunded by a zone of feathery intergrown
K-feldsﬁar and quartz. 3ince such fine detail was not
recognizable in weathered outcrop, primary pegmatitic
segregatiogs of this nature would have been mapped as

quartz segregations. . : {

s
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;e ' The fine gralned granite ahd aplite is similar
to that described from Motu, for it is a red,.fine grained,
hypidiomdrphic granular rock éonsisting of quartz, alblte

and perthite (Plate 7). An unusual féature, howevery 1is

.the pronbunced inversion to microcline of the perthite,

particularly in the ore zone. Areas of pegmatitic aplite
are common. It consists ¢of fine graihed red aplite with ::
abundant small (2-20 mm), irregular, lenticular pods of.

a pegmatitic nature (Plate 10). These have an outer fringe )
. - ) 7

of coarse grained graphically intergrown string péf€h$cgg‘_”///
. )

. . ¥
and quartz (Plate 11) radiating toward the centre of the -

bl e e e A

segreé}tion, succeeded by a zone of euhedral orthoclése

L. with lesser quartz, and the centre of the pod being massive
milky quartz, or a miarolitic cavity lined with chlorite.

The medium grained granite includeé porphyritic granite,

e .

equigranular granite and pegmafitic granite, all of which

T

are apparently gradational. The Belle Bay Formation consists
3 of medlun brown, flow banded,”highly fractured rhyolite

which is cut by humerous tongues and véins of aplite and

s M e

granéphyric apTite.

s Ml ot S 1F

i

4 3 ‘ ‘ . The 6rebody'is approximately 42 meters long by
3 - - .
® 1 a maximum of 12 méters wide, bounded by rhyolite (soutn),

;; " Rencontre Laké (east) and assay values (west and ﬁorth),

%;g , and has A'proved toﬂnage of 65,000 tons of .38% MosS, ~
q (smith, 1938). Molybdenite mineralization occurs in a

TUQ number of different modes; disseminated, podiform and
ey :
1& LS. . '}
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Plate 9: Hypidiomorphic granular apli&e composed
of anhedral perthite, subhedral albite and quartz,
Ackleg City Showing, crossed nicols, X30, T.S.

CEFNTIMFTRESR

Plate 10: Pegmatitic aplite which contains numerous
pPegmatitic miarolitic segregations, Ackley City
Showing, Sample ACD-22.



Plate 11: Coarse grained graphic intéigrowth of
string perthite and ‘quartz from the fringe of a

pegmatitic segregation in Plate 10, crossed
nicols, X30.

—
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Plate 12: Intensive fluorite mineralization
within medium grained granite, occupying quartz

sites, Ackley City Showing, uncrossed nicols,
X~30) T.S. A.C.C.- 30

o~
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.ture filling. The disseminated mineralization con-
..ts of medium grained (2 to 5 mm) anhedral flakes of
sbdenite sparsely to strongly disseminated throughout
red, medium to fine grained granite. ©Such molybdenite
wpies quartz or plagioclase sites, but there is little
dication of replacement other than the association of
srite and interleafing of molybdenite with muscovite
chlorite. Molybdenite also occurs as large (2-3 cm)
)settes associated with quartz, barite and calcite in
scondary quartz segregations and primary pegigtitic

ds. Quartz and medium grained molybdenite (.5 cm) fill
ictures of varying widths (.2-20 mm). Some disseminated
'bdenite mineralization is closely assocliated with
scovite alteration. There is not, however, a definite
'relation between the two, for there are barren muscovite
,eration patches and also the intensity of such

.eration has no bearing on the degree of mineralization.
re are also small areas of fluorite mineralization
urring as intense disseminated purple fluorite

¥ing original quartz sites (Plate 12), and as fracture
1Ngs with calcite and barite. Fracture filling quartz,
e and bismuth mineralization is present west of the

¥s the presence of bismuth being indicated by

emical analyses. Sphalerite, chalecopyrite and

lotite are other minor associated ore minerals

te, 1939).



eration associated with minerallzation t{s
xtepsive and varlable. 4 major alteration type
dant addition of quartz in the form of quartz

segregations especlally in the area of the orebody (Fig. 23).

Irregularly shaped and distributed medium to coarse grained

patéhes of muscovite alteration are also closely associated
“#1th mineralization. Intensity of alteration varies from
replacement of all K-feldspar and plagloclase by muscovite
and augmentation of primary quartz, to complete coarse
gralned muscovite (up to 1 cm) replacement of the intrusive.
Muscovite and quartz alteration fringing quartz velns is
present within and outside the orebody. Quartz veins with
secondary blotite surrounding or within the veins occur
withjh the mineralized zone. The biotite is poikilitic,

many of the inclusions of zircon and other unidentified
minerals belng surrounded 'by radicactive halos (Plate 13).
anastomosing pegmatite veins are common and there are also
late quartz veins with K-feldspar alteration halos cutting
fracture related quartz-muscovite alteration veins. The
rhyolite, for a couple of hundred meters beyond its contact
with the mineralized zone, is characterized by stockwork,
hairline fracture filling, fine grained pyrite and chlotite.
This is especlally notable in view of the fact that pyrite
was almost absent from the orebody, magnetite being the

most common iron mineral.




Plate 13: Secondary biotite containing dhmerous
inclusions characterized by radioactive halos,
Ackley City Showing, uncrossed nicols, X30,
T.S. ACD-=5.
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Plate 14: Sharp contact between coarse grained,
alaskitic granite to the north (top) and medium
grained porphyritic granite to the south (bottom),
contact dips gently (20°) to the south, Dunphey
Brook-Crow's Cliff.
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5,2.4 Dunphey Brook-Crow's Cliff Showing

The Dunphey Brook-Crowgs Cliff Towing 1s located
on the nortn-east side of Rencontre Lake (flg. 18) adjacent
to the granite-3elle 3ay Formation contact. Mapping of
the area (7ig., 24) has outlined a number of Lngrusive
types {quartz-feldspar porphyry, pegmatite, fine grained
granite and aplite, and porphyritic fine grained granite)
other than the coarse grained alaskitic phase which bofders
these phases to the northwest. The quartz-feldspar porphyry
occurs as dykes cutting the rhyolite and also the granite,
tut figure 24 shows two dyKes cutting only the rhyolite
i42 to the noor exposure in that area. GSharp contacts
petween the alaskitic granite and porphyritic fine gralned
granite (Flate' 14) were observed in a number of locatlons
in Dunphey 3rook. In this same area there are breccia
dykes and veins, which probably represent degaQsing
breccias (tuffisites). The porphyritic granite varies
in grain size of matrix and abundance of pHenocrysts,
both of which are greatest near the alaskitic granite
contact. The latter contact was not observed and may be
gradational, the mapped contact representing the disappear-
ance of phenocrysts. The fine grained granite and aplite
cover a large area within which there are variations in
the presehce or absence of fine grained biotite, pegmatite

segregations (2-5 cm) and colour (light pink to dark pinkish
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GEOLOGY OF THE DUNPHEY BROOK - q
CROWS CLIFF SHOWING
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red)., The pegmatite bodles occur adjacent to the rhyolite
contact, one major body in the north (Dunphey 3rook), one

in the soﬁth (Crow's C1iff) and a number of smaller bodies
between the two. The pegmatite is in the form of sills

which dip parallel to the rhyolite éontéct, a fact which

i{s readlly apparent due to'iépographic relief. The
rhyolite-granite contact has a éeneral strike of 020°

and varies in dip from 60° 5 at Crow's Cliff to 15¢ 3

at Dunphey Brook. Flow banding in the rhyolite has a slmllar

strike. The showing is cut by a major fault which strikes

"at 0259 and 1s marked by a major escarpment the east side

being approximately 200 meters higher then the west.

The quartz-feldspar porphyry 1s a medium reddlsh
brown, porphyritic rock. It consists of anhedral to euhedral,
embayed, bipyré@idal quartz phenocrysts (2-6 mm) with
radlating, fine grained quartz overgrowth rims (Plate 15)
and medium pink, subhedral to euhedral perthite phenoc;ysts
(3-8 mm) in a very fine grained devitrified glass matrix.
Strong dusting with very fine grained hematite occurs
throqghoﬁt.

The pegmatite consigts of large (maximum 50 cm
diameter) milky white quartz crystnlé which are surrounded
by medium grained (1-2 cm) anhedral, perthitic orthoclase
(Plate 16). The quartz crystals exhibit prismatic as well as

pyramidal faces, the presence of the former indicates that

P
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Plate 15: Embayed bipyramidal quartz phghocrysts
with radiating fibrous overgrowth rims, quartz-
feldspar porphyry, Dunphey Brook-Crow's Cliff
Showing, crossed nicols, X45, T.S. JW=-116.

Plate 16: Pegmatite consisting of milky white,
large quartz crystals surrounded by perthitic
Oorthoclase and aplite, Dunphey Brook sShowing.
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they crystallized as the low (alpha) varlety of quartz;

Many of the quartz crystals contain one or more thin zones
of pink perthite or granophyric quartz and perthite that

indicate the crystal outline of the quartz crystal at

different stages of growth. Variation in the size and

density of Jdistribution of quartz crystals exists from
dense coarse grained patches to smaller pegmatitic pods
(4 cm to 45 cm) separated by granophyric and pegmatitic
aplite, The pegmatite quartz crystals have a verﬁical
orientation with terminations pointing downward, which
indicates they may have grown from the'rhyoiite roof {(now
eroded) downwards.

The fine grained granite and aplite 1is a
hypidiomorphic granular, medium to dark pink rock composed
of stringlet perthite (aéerage +3 mm), albite (.3 mm), \
amoeboid or graphic quartz (.5 mm) and green ragged
piotite (.2 mm). Areas which are strongly miarolitic
and others of pegmatitic éplite are common. The por-
phyritic fine grained granite 1s similar to the fine
grained granite except that it contains subhedral,

;lightly sericitically altered, normally zoned (olligoclase
to albite) plaglocl;se (3-8 m;) and anhedral quartz (2-5 mm)
phenocrysts.' Pegmatitic segregations are rare or absent
and many of the plagioclase phenocrysts have graphic

quartz and perthite overgrowth rims (Plate 17). The

/




Plate 17: Plagioclase phenocryst, dusted with
sericite, with a perthite and graphic quartz
overgrowth rim, Dunphey Brook-Crow's Cliff,
crossed nicols, X30, T.S. JW-124.,

Plate 18: Brecia dyke (tuffisite) consisting of
alaskitic granite fragments in a fine grained
matrix, in Dunphey Brook.
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tuffisites occur 1n.dykes up to 50 cm. wide, but usually
are .5 to 2 cm wide and consist of angular to subrounded
fragments of red alaskitic granite in a brownish red
matrix (Flate 18). The matrix consists of granulated
rock-flour, small angular rock fragments, calcite and
clay minerals (klate 13). -Tuffisites are nost abundant
cutting alaskitic granite near the alaskitic-porphyritic
granite contact and have highly irregular strike and dip

directlions,

Mineralization at the Dunphey 3rook=-lrow's _liff

showing occurs mainly as coarse grained moLybdenitg within
the large quartz crystals of the pegmatite. Two types of
occurrence were noted: (1) as irregularly continuous
zones of molybdenite orientated parallel to the growth
direction of the quartz crystals (Plaie 20), and (2) as
molybdanite flakes with K-feldspar distributed in concentric
zones within the quartz crystals (Plate 21); The first

mode of mineralization can be interpreted as a migrating
nucleus of precipitation in the same area throughout the
growth of the quartz crysials, while the second type &an

be interpreted as reflecting periods of molybdenite

is also scattered very fine grained molybdenite
ation within the aplite between the major pegmatite

. In Dunphey Brook, cuttiﬁg fine gralned granite near




Plate 19: Matrix of tuffisite in Plate $8 composed
of angular rock fragments, including granophyric
fragment, clay minerals and calcite.
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Plate 20: Zone of coarse grained molybdenite
mineralization orientated parallel to the direction
of growth (from left to right) of the quartz
crystal, Crow's Cliff.



Plate 21: Cross section of a large quagtz crystal

with concentric zones of molybdenite and K-feldspar,
Crow's Cliff.

| |

Plate 22: Intrusive contact between quartz aplite
and aplite, Wylie Hill. Note alteration within

the aplite which indicates that it is older.
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the intrusive-rhyolite contact, there are fractures at
5002/ 950 which have associated quartz- sericite alteration
halos up to 25 cm on elither side ani which contain sparse
chalcopyrite, galena and fluorite mineralization.

S.2.5 dylie Hill Showing

The .ylie Hill 3Showing, the furtnest east of the
showings, i located 2.5 km =ast of the north end of
“encontre Lake within an embayment of the rhyolita-granite‘v
contact. [t consists of *wo low grade orebodles approxi-
mately 370 by 120 meters separated by faults. The =2astern
areboly averages 2,15% Mo, the western 0.5% Mo. Marping
of the area in letail (Fig. 25} outlined.slx intrusive

r
roc¥ units, quartz-feldspar porphyry, pegmatite, quartz

aplite, porphyritic fine grained granite and aplite,

porphyritic medium gralned granite and coarse'grained
alaskitic granite. The quartz-feldspar porphyry occurs
as a dyke which cuts the rhyolite In the east part of the
map area, and that continues to the north cutting the
alaskitic granite (Fig. 18). A number of areas of pegmatite
occur adjacent to the intrusive-rhyolite contact. Quartz
aplite occurs as small bodles 1n.the eastern and western
orebodies and has sharp intrusive contacts with adjacent
fine grained aplite (Plate 22). The porphyri;ic fine
grained granite and aplite covers é‘large area within
which the mineralization is mainly restricted. It is
bordered on_fhe north by porphyritic medium grained

4
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e

granlte with which 1t is apparently gradationaL. This
phase is in turn bordered to the north by coarse grained
alaskitic grar;ite with which {t may also be gradational.
prill hole data suggests the orebody and these phases
represent a sill underlain by coarse grained alaskitic
granite. The Belle Bay Formation strikes at 075° south
of the showing while the intrusive-acid v?lcanlc contact
dips 3UPE at the centre of the eastern orebody and is
slightly steeper toc the east and west.,

The quartz-feldspar porphyry &4s a dark brown,
aphanitic rock with subhedral to euhedral, bipyramidal
quartz (2-6 mm) and light pink perthite (2-J mm) pheno-
crysts., The large areas of pegmatite and also the quartz-
feldspar porphyry ciyke rock are 1ithologlically similar
to these units at the Crow's Cliff-Dunphey Brook showing.
There are also rare disconnected ellipsoidal bodies of
granophyric pegmatite (up to S cm) which consists of an
outer rim of apllte,'succeeded by a layer of granophyric
quartz and perthite, succeeded by a layer of quartz
albite, and perthite (in order of decreasing abundance)
(Plate 23), and an. inner zone of elongated highly strained
quartz (Plate 24). The quartz aplite 1s a fine grained,
medium pink granite with large amoebold quartz bodies
(Plate 22), some of which are over a coupfe cm long but

usually no more than 0.5 cm wide. It is composed of

euhedral to anhedral anorthoclase (0.2 - 1.5 mm), easily
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Plate 23: Bent strained albite within a pegmatitic
segregation, Wylie Hill, centre is toward the left,
crossed nicols, X30, T.S. 13-325.

Plate 24: Elongated strongly strained quartz within
the innermost zone of the same pegmatite segregation
in Plate 23, centre is toward the left, crossed
nicols, x30, T.S. 13-325.
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i1stinguishable by Lts poor reactlon with potassium stain,
{flat. 2%), anheiral to subhedral albite which Ls slightly
te strongly dusted with sericite and clay minerals, and
strongly strained masses of quartz. The porphyritic fine
grained granite iIs a rock with a white to pale pinkish
grey, saccharoldal matrix enclosing anhedral quartz

(3-6 mm) and subhedral blnk feldspar (2-6 mm) phenocrysts,
It is composed of anhedral orthoc¢lase (.2-1.5 am) which
has sodium-rich blebs revealed by staining (Plate 26),
strained quartz (.2-2 mm) with serated boundaries, rare
blotite (.4-1.5 mm) altered to an assemblage of chlorite,
sericite, and sphene, and accessory apatite, zircon, sphers,
and clinozoisite. The aplite thch s included within this
intrusive unit 1s the same but lacks phenocrysts. An
anusual feature noted in drill core was the presence of
compositionally and grain size banded aplite. The band s,
which are approximately 5 mm wide, vary in composition
from bands composed of equal amounts of quartz and albite,
or of albite and perthite, or of albite, perthite, and
quartz. The fine grained porphyritic granite and aplite
is cut by rare thin (.2-1.5 mm) tuffisite veins composed
of angular quartz and feldspar fragments in a mora finely
granulated rock flour matrix (Plate 27). The porphyritic,
medium grained granite is a medium pink rock with phand-
crysts (.5-1.5 cm) of anhedral quartsz, subhedral strongly

normally zoned (oligoclase to albite) plagioclase and
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Plate 25: Quartz aplite showing partiaﬂiy stained
(mainly on cleavages) anorthoclase and sericitically
altered plagioclase bordering an amoeboid quartz to
the right, Wylie Hill, uncrossed nicols, X30,

To So JW-211.
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Plate 26: Stained K-feldspar containing numerous
small sodium-rich blebs that are not visible without
staining, and coarse grained albite exsolution
patches, Wylie Hill, crossed nicols, X30,

To So Jw-2110
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Plate 27: Tuffisite veln composed of ghgular
fragments of quartz and feldspar cutting a
plagioclase which has a sericite altered centre
and an albite overgrowth rim, Wylie Hill,
crossed nicols, X30, T.S. WH-14%-158,

| Plate 28: Weathered mineralized fine grained
Porphyritic granite, Wylie Hill, pyrite aggregates
and molybdenite rosettes give a nodular appearance,
similar to a concretion bearing weathered sand-
stone, wWylie Hill.




PR IR Lt Bl R DT & LY )

- 113 -

/cibhedral stringlet perthite., The Belle Bay Formation

cpnsists of flow banded, dark grey and medium brown rhyolite

in the southwest and mixed rhyolite and acid fragmental

R N i e e by k.;mi“._ww

units composed of angular rhyolite and porphyritic tuff
fragments (1-6 cm) in a fine grained tuffaceous matrix

in the southeast.

Mineralization at the wWylie Hill showing consists
of frac‘t‘ire filling and disséminated molybdenite with ex-
tensive associated pyrite. Joints orlentated at 160°/30°
and 135°/60° S4 are clqsely spaced, averaging + to 12 cm.
between Jointus, and mineralized with molybdenite (2-4% mm),
pyrite (2-6 mn) and quartz. Disseminated sﬁlphides are
extensive in the large mineralized efea with pyrite .
occurring as nodules (Plate 28) within which the pyrite
forms anhedral dentritic growths (Plate 29) occupying
original quartz sites., Molybd‘enite occurs either as
inclusions within the pyrite, a relationship indicati’ng

' it 18 earlier than pyrite, or is.fibrous platey aggregates
(Plate 30). There are rare small scattered patches of
muscovite replacing plagioclase or perthite (Plate 31).
The white colour of the aplite and fine grained porphyritic
granite associsted with mineraliszed areas is apinrontly due
to altorati'on. White (1939) attributed this to a leiching
of all iron<from feldspars to form the abundant pyrite.
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However, this seems to be an mfusonabli explanation,
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Plate 29: Part of pyrite nodule showinfz the
dendritic nature of the pyrite which occupiles
quartz sites in the granite, Wylie Hill, re-
flected light, uncrossed nicols, X60, P.S.
WH-21+9.

Plate 30: Fine grained platy aggregate of molybdenite
disseminated in fine grained, porphyritic granite,
Wylie Hill, crossed nicols, X60, P.S. WH-69-7-150.



Plate 31: Coarse grained muscovite alteration of

perthite in a small dense aggregate, Wylie Hill,
uncrossed nicols, X30, T.S. WH-7—14é.

Plate 32: Grains of pitchblende with minute
inclusions of gold in mineralized porphyritic
fine grained granite, Wylie Hill, reflected
light, crossed nicols, X60, P.S. WH-69-7-150.



the phenomenon being easler explained as reduction of all
iron from the 3+ to 2+ stﬁte by the addition of sulphur

to the rock. Minor accessory sphalefite and galena were
noted in the mineralized granlite as well as pitchblende
Jipp minute incluyions of gold (Plate 32), identification
of fhe former being aided by the use of an autoradiograph
(Plate 33). A majbr feature of the rhyoiite bordering

the extensive minerallized zone of the eastern orebody is
the presence of abundant barren quartz vein;. These pinch
and sweli up to half a meter wi%e, contailn angular rhyolite
fragments, have highly variable.attitudes and do not extend
far laterally away from the contact. ~rracture filling
quartz, molybdenite, and pyrite mlneralization within the
rhyolite s not extensive, but it is the only mineralized
rhyolité-o served in all the shoﬁings.

2.2.6 Frank's Pond Showing
_ The Prank's Pond Showing is located 3.5 km north

northwest of the north end of Rencontre Lake, 5 km Within
the alaskitic phase of the Ackley batholith (Pig. 4).
There ars numercus li;hologically different types of
granite in the area, medium grained granite to aplifé,

and porphyritic granite, which mAy be mutually gradational,

\ @all cutting pofmal coarse grained alaskitic granite. These
intrusive phases, which are characterized by miarolitic
cavities and pegmatitic patches (up to % meter) are
megascopically identical to those associated,with»molybdenite
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Plate 33: Autoradiograph of the pitchﬁlende
grﬁins in Plate 32 (one month plate exposure),
X1k,

Plate 34: Quartz veins striking at 308° which
have fringes of quartz-sericite alteration
cutting alaskitic granite, Frank's Pond.
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mineralizattion to the south. Cutting the alaskitic granite
are numerous aplite veins and dykes and rare quartz velns
striking at 3089/300 with assoclated»quartz-sericite
alteration (Plate 34). Quartz veins lacking alteration
are common, striking at 163°/30° and 072°/X0°. These velns,
which are rqrely over 5 cm wide, locally carfy molybdenite
flakes (2-3 mm) lining their borders. Extent and tenor of
mineralization 1s, however, very sparse. (
.2.7 Belle Island Showin

The Bel}e Island 3nowing is located in ?ortune
Bay, approximately 1C km southeast of Rencontre East (Fig. i),
and is within an approximately 305 by 150 meters granitic
piug exposed on the cliff face of the eagtern side of the
i{sland (Plate 35). This granite, which intrudes sandstone
Jof the Precambrian Rencontre Formation, has been sub-
divided into a number of phases, aplite, porphyritic
aplite, porphyritic medium grained granite and coarse
grained alaskitic granite, all of which appear to be
gradational into each other (Fig. 26). A Devonlan age
for the body has been assumed on the basts of lithologicaf
‘and gebchemical similarity to the Ackley alaskit;c granite.

The intrusive breccia consists of numerous angular
2 to 6 cm fragmehts of the sandstone host rock in a matrix

of pale pink saccharoidal aplite. Similar miarolitic

aplite also occurs }n dykes or tongues and as a marginal

chilled zone apprqximately 1 meter wide adjacent to host

v
e
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Plate 35: Alaskitic granite plug, approximately
305 by 150 meters, exposed on the eastern side
of Belle Island.

Plate 36: Fracture related quartz-sericite-clay
mineral alteration of porphyritic fine grained
granite, Belle Island.



Figure 26
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3;ndstone. it is a hypidiomorphic equigranular (.5 mm)
rock composed of normally zoned albite, strained anhedral
quartz, and perthitic K-feldspar. The porphyritic arlite
‘is similar but contains less miarolitic cavitles and has
rare to abundant anhedral to subhedral bipyrimidal quartz
{2-3 zm), pale pink perthite (2-20 mm) and plagioclase
gzx-,} J omm) phenocrys;(.s. K-feldspar mottled, euhedral,
strongly ncfmally z.oned {ollgoclase to albite) plagioclase
phenocrysts ar= common. An increasé of the grain size of
the matrix to an averagé 2 mm characterizes the porphyritic
meiium grained granite while the alaskitic granite is an
hyptdiomorphic equigranhlar (5 mm); rock of similar
mlne:‘a'\logy. The intruded 3encontre Formation' consists of
fine grained (1-2 M}, dark brown to grey, argillaceous,
commonly cross-bedded sandstone.

3oth intrusive and host rock are highly fractured,
a feat.urle which has localized alteration and mineralization.
Although mild alteratlon is pervasive, intense alteration
is closely fracture controlled (Plate 36), while similar
—fraétures cuttinz the sandstone are lined with fine
gréinéd sericite. Alteration 1is malnly sericitic with
plagioclase (Plate 37) and K-feldspar being strongly altered
to fine to coarse gra;ned felted masses of sericlite with
minor assoclated calcite, while biotite is replaced by

aggregates of sericite, rutile 4'c:a1c1te, and sphene

{Plate 38). Widely spaced fractures in both the intrusive

S T e e W ™ P e Cogtia < Mbpe e ieies '




Plate 37: Coarse gralned radiating felted masses
of sericite completely replacing a plagioclase
phenocryst in porphyritic medium grailned granite,
Belle Island, crossed nicols, X30, T.S. JW-=10,

Plate 38: Biotite completely replaced by sericite-
calcite~sphene-rutile-pyrite in porphyritic aplite,
Belle Island, crossed nicols, X60, T.S. JW-90.
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and sandstone are mineralized with flakes (2 mm) of
molybdenite, rare chalcopyrite and more abundant pyriite
along with quartz and calcite. Within the aplite some of
the miarolitic cavities are similarly minerallized. A late
narrow (& cm) fault breccia cemented by vuggy purple
fluorite, calcite and barite cuts the cen{:re of the

1ntru§1ve.

9.3 Geochemistry
5.3.1 Introducgion

Two hundred and six samples of mineralized and
unmineralized intrusive rocks of the showings and the
nearby barren alaskitic granite were analyzed for major
elements and trace elements and 120 of these were also
analyzed for U and Bi. All this analytical data as well
as corresponding 3arth (1762) molecular norms are. presented
in Appendix D.

This analytical data was obtained to aid in
. the understanding of:A (1) the relationship between thé
different mapped intrusive units of the showings and the
surrounding alaskitic granite; (2) the difference between
mineralized and 'unmineralized intrusives and the diffe;'ent'

elements assoclated with molibdenum in the deposits;

(3) the similarities and differences betweén the different

showings; and (4) the petrogenesis of the showings and
their host intrusives., To aid in comparison between

different intrusive units of individual showings and
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between the different showings, the geochemical data

has been summarized in tables 6, 7, 8, 3 and 10 which

present the means and standard deviations for the compositions
of diffepent intrusive units described in the previous section.
The following sections will examine the gec?chemical data

with resrect to the problems outlined above.

SE A

»

~ J.3.2 Variation Diagrams-

4 comparison of the data of tables 6, 7, 8, 3

and 10 reveals that the mean compositions of the diffgrent
zapped intrusive units within and between different showings,
especidlly in major elements are very similar, generally
overlapping when standard deviations are taken into con-
sideration. Not only are they similar in f:omposition

but silica content (75 - 80%) and differentiation index
(generallf 95 - 100) indicate the, are all extremely

alfferentiated and very little furtMer fractionation with
attendent elemental varilation could be expectied. During i
the very final stages of differentiation only trace AV
elements and possibly a few major elements might be

expected to fractionate slightly, and this is the type of

behavior exhibited by the data. Plots of data from the
'dﬁie Hill showing (Pigure 27 a, IV:V) are representative
examples of the behavior of the data from all the ‘showings.
’ Most major elements (Si0,, 41203, Mnd, Na20 and |
K20) show no variation or f.reud when plotted versus

differentiation index or silica, howsver, Fey03 total,
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Table 6

COMPOSITION OF DIFFERENT INTRUSIVE PHASES AT THE MOTU SHOWING

deviation

Mg. Granite Porphyritic Aplite =’ Mineralized Fg. Granite
o x o x a
77 77.91 .58 82.58 1.26
.03 .12 .00 .08 .03
.36 12.09 .10 8.47 1.14
.07 .32 .00 45 .16
.00 .02 .02 .02 .01
.00 .00 .00 .03 .02
.04 .18 .00 .22 a2
.20 3.54 .09 2.22 .46
.29 4.92 .09 3.27 .68
.75 .57 .07 1.88 1.51

99.67 99.22
7 140 2 100 18
3 6 4 3 ’ 2
2 457 2 333 ! 66
39 24 20 42 36
3 12 5 12 8
3 20 9 11 5
2 8 [ 8 1
4 12 1 3270 1469
i 44 3 57 20
Y 12 2 25 20
11 84 29 39 3
1 10 2 6 2
17 80 18 37 16
2 6 0 18 8
57 725 76 712 69
i 405 9% 11436 1203
4 38.7 1.29 58.7 6.1
= s b 3.8 3.9
1.4 30.3 .92 19.3 3.8
-2 «50 .02 .9 - 6
S0 97.8
8.94 s 3
aced .03
21.44 S
3.33 3.67
i 111.00
- 5

-

N = number of samples

= total Fe as 15'9203
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Table 7
COMPUSITION OF DIFFERENT INTRUSIVE PHASES AT THE ACKLEY CITY SHOWING
Element Mg.-Cg. Alaskitic Granite Mg. Cranite Aplite Mineralized Granite
B 13 -] s 7 ] X B | g
570, 76.22 1.06 78.55 1.46 L 1.83 73.51 7.71
T10, .15 .03 11 .03 .12 .07 .10 .01
A1,05 11.72 43 10.75 73 11.65 .73 8.08 74
Fol05* .78 .07 27 - .08 .62 .11 2.39 1.67
w0 .08 .03 .05 .01 .02 .01 .10 .07
MgO .09 .03 .08 .02 .03 .01 .14 .06
cao .29 .06 .42 .08 .29 .10 .74 ~21
Ka,0 3.30 .35 2.37 .22 3.19 .59 1.04 .27
X0 4.86 .10 5o .69 4.82 42 4.65 .70
H,0 .61 .06 €5 .10 .76 .30 4.08 2.10
Total 98.07 98.18 = 98.65 94.73
3
2r 125 10 108 20 112 28 84 24
sr 17 2 14 5 6 (3 5 2
Rb 433 27 484 62 445 63 395 75
Zn 65 100 249 T 166 123 116 283 87
Cu 12 13 33 1% 23 18 51 5
Ba 4b 9 S4 6 29 11 32 3
u 8 2 12 o 10 3 ‘18 2
Mo 56 62 27 6 31 16 8657 2329
Nb 30 1 30 4 32 7 86 27
Bi 20 1 17 5 17 4 36 15
“Pb 52 14 54 7 64 13 1 59
N1 8 3 9 2 9 2 8
Y 60 15 38 5 45 12 61
Cr 18 5 6 ] 18 18 12 6
Ti 861 101 766 135 592 164 759 258
s 428 210 723 427 389 182 |37893 2264
Q 39.2 2.6 45.6 6,2 40.7 4.2 4.4 6z
il 29.4 5 30.7 4.3 29.2 2.4 30.9 4.3
Ab 28.9 35 20.6 1.8 27.8 SeiL 10.3 3.6
An .9 .2 1.8 .3 1.1 .6 3.6 1.8
D.1. 97.5 96.9 97.7 95.6 :
K/Rb 9.32 8.76 8.99 9.77
Ba/Rb .10 42} . .07 .08
::/,:: 1:.;.: 21.44 34.54 132.22
. 3.86 4.83 8.
Ro/sr 25.47 2
. 34.57 7%.17 98.75
n A % = 3

x
= mean N = number o1 samples

O = standard deviation * = total Fe as Fe,04
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Table 8
COMPOSITION OF DIFFERENT INTRUSIVE PHASES AT THE CROWS CLIFF-DUNPHEY BROOK SHOWING
—;1.enent gg:mﬁ:skltic Fg. - Ng. Granite ::gmﬂic Mg. g::;-;}z';;eldspar
x o x o x o x o x o
510, 78.19 .58 75.82 .58 77.48 1.02 76.59 .96 76.59 1357
110, .07 .02 .05 .01 .07 .0k .13 .06 .08 .04
21,0, 11.70 .27 12.37 .33 11.94 .73 12.28 .19 12.23 .18
Fe,0,* .81 .04 {72 .03 .62 .14 .87 .10 iz .09
00 .03 .00 .02 .00 .02 .00 .04 .01 .03 .00
Mg0 .07 .02 .02 .01 .02 .02 .08 .05 .06 .02
ca0 .34 .05 .13 .02 .18 .03 .23 A .11 .00
Na 0 .44 .02 3.3 .08 3.38 .22 3.61 .12 i.21 .79
K0 4.97 .13 5.43 .12 4.99 47 4.69 .56 6.17 .09
R0 .76 .03 45 .08 .55 .19 .62 .09 1.35 .01
Total 100.38 98.32 99.25 99.14 98.95
zr 134 35 205 50 124 10 157 13 196 3
sr 23 6 55 L 4 B 15’ 10 36 0
Rb 354 6 312 55 377 37 390 27 566 91
Zn 18 15 42 16 4 7 11 14 56 23
Cu 4 1 15 12 10 6 3 8 ND —_
Ba 78 o 150 98 29 19 63 26 60 6
v 8 o 8 2 7 1 9 2 7 o
Mo 12 o 21 2 51 62 17 4 12 3
L - 3 n 7 19 14 28 4 52 2
Bi 12 s 12 o 1 6 1% 1 18 o
L 29 7 83 51 36 18 50 14 61 9
Ny 14 o 9 3 6 &4 1 1 16 1
Y 82 1 76 9 €9 31 87 22 112 5
Cr 10 2 16 5 i/ 6 4 &4 6 4
T 1024 156 1417 562 674 112 879 169 618 51
S 350 180 . 335 45 165 98 203 36 175 12
o 39.3 1.3 36.6 .6 39.2 3.6 38.2 2.5 47.4 5.4
or 29.7 .8 33.0 .7 30.0 2.8 28.2 3.4 37.6 .2
Ab 29.5 .2 28.8 .8 29.2 1.8 31.2 1.0 10.7 7.0
An 1.3 o .5 .1 .7 .3 1.0 . .3 42
Lo 98.5 98.4 98.4 97.6 95.7
K/Rb 11.65 16.45 10.99 9.98 9.05
Ba/Rb .22 .48 .08 . .16 .1
Ca/sr 10.57 1.69 32.16 10.27 2.18
Ba/sr 3.39 2.73 7.25 3.94 1.67
Rb/sr 15.39 5.67 94.25 264.38 15.72
t 2 -
: z G 6 >

* - total Fe as ?0203 O~ standard deviation

X - mean n - number of samples
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Table 9
COMPOSITION OF DIFFERENT INTRUSIVE PHASES AT &“0 Hill Showing

Element Cg- Aleskitic Granite Fg.-Mg. Granite Porphyritic Mg. Granite l;;x:m;:lwl':g m ?;;s:;:r
& Porphyry
H o % o X o x o
810, 76.44 2.72 77.28 1.60 76.97 1.23 78.14 2.06] su.00 76.06
Ti0, .07 .06 .07 .0h .09 .06 .06 .02 Ol , .05
A1,05 12.22 1.66 11.81 .69 11.67 .75 . 10.73 .53 8.30 . 12.00
o0, 1.3 .36 1.03 .45 1.38 .55 1.19 1.24 .27 1.%
Mo .03 .02 .02 .01 .03 .02 .01 .01 .00 .02
Mg0 .21 .08 .19 .26 .25 .09 .10 .08 .01 .07
ca0 43 .16 .46 .15 b .29 Y .09 .10 47
¥a,0 3.50 .70 3.30 .53 3.12 <34 2.a1 T 35 2.4 5.02
0 4.78 .7 5.04 .61 4.69 . .23 4.51 .68 3.39 5.01
B0 .59 .48 1.27 .55 .54 K. ;:;g;s = .54 .53
tal 99.58 100.47 99.18 99.10 100.62
133 19 151 23 141 14 138 17 82 247
34 28 23 12 38 24 13 8 7 1%
353 5n 375 3k 350 20 354 49 295 2n
182 142 123 108 75 52 104 163 17z 22
40 19 33 23 35 18 12 9 ND 27
103 67 a1 29 119 e 55 17 25 97
5 o 7 1 7 1 3y 2 4 8
81 105 264 289 75 46 2530 1632 72 23
28 31 s 30 3 34 5 22 42
16 1 15 (] 16 5 25 o 3 14
137 104 102 70 88 42 77 - &2 11 32
32 15 23 22 37 22 13 14 ND 8
% ‘8 38 6 34 . 3 7 2z 103
36 18 48 38 28 1n 40 21 0 ND
746 193 780 146 901 208 625 159 500 812
3510 2365 3957 2264 2746k 2521 12333 4926 220 320
7.8 8.9 38.6 5.7 43.4 7.3 45.2 L 57.8 22.5
28.4 4.2 29.9 3.5 27.9 1.6 27.4 3.9 20.4 28.1
30.3 5.9 28.1 4.3 27.1 2.9 24.6 3.3 20.8 30.7
2.0 .6 2.7 .8 1.8 .9 1.7 .5 4 0.0
96.5 i 96.6 98.4 97.2 99.0 8l1.1
K/Rb 11.24 11.66 11.12 : 10.58 9.54 15.35
Ba/Rb .29 .22 34 .16 .08 .36
Ca/sr 9.04 14.29 8.28 22.54 10.21 23.99
Ba/sr 3.03 3.52 3.13 ) 6.23 3.57 6.93
Rb/Sr 10.38 16.30 9.1 - 27.23 42.14 19.36
17 52 13 1 1 1
% - mean n = number of samples

= Standard deviation * = totsl Fe as Fe,05
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Table 10
COMPOSITION OF DI s
JFRANK'S POND SHOWINGS
Belle Island Showing Frank's Pond Showing
Cg. Alsskitic Porphyritic Mg. Porphyritic Aplite Mineralized Porphyritic Fg. Granite Mineralized
Granite Granite Aplite Porphyritic Mg. Granite Alaskitic
Granite Cranite
72.91 73.00 75.03 69.71  75.03 77.56 75.64 85.00
.22 .13 .14 .22 2% .07 <04 .03
13.60 13.14 13.03 13.65 13.03 11.84 12.17 6.98
1.36 1.00 1.00 1.56 1.00 1.03 .90 1.17
.oh .03 .02 ) .05 .02 .03 .04 .03
.53 .30 .00 .48 .00 .01 .00 .10
.76 .76 T4 2.13 78 .20 .17 .62
3.56 3.02 2.97 2.90 2.97 E 3.59 3.78 1.86 -
4.88 5.12 4,77 4.53  8.77 &.67 ’ 4.80 2.48
2.26 2.14 2.29 3.7  2.29 .61 .59 .81
100.14 98.65 100.02 98.99 -100.02 99.63 98.15 99.37
125 235 220 254 218 | | 179 . 1462
3 209 203 422 208 7 ND 8
398 253 251 259 244 357 4t 192
ND ND ND 4 ND 19 27 10
15 26 17 132 84 1 ND 6
22 501 so1 748 628 32’ 26 C s3
8 4 7 5 4 7 n 4
12 25 28 19 143 19 16 3275
36 32 23 18 22 37 49 35
18 15 18 19 19 15 16 18
41 25 26 23 &1 36 57 35
4 12 12 14 13 8 15 10
33 53 49 33 52 m 137 123
6 19 18 20 9 9 8 22
745 1689 1684 2083 1714 647 305 878
150 60 300 300 290 210 160 2940
33.20 35.23 39.32 33.18 35.50 39.23 35.96 65.27
31.20 27.03 25.99 26.19 26.57 31.00 32.92 16012
28.55 .24 29.13 27.32 28.04 28.11 29.14 16.82 .
3.11 3.51 3.29 10.50  5.94 .76 .72 3.06
92.95 93.50 b, Lils 86.89 90.11 98.35 98.02 96.30
10.26 16.80 15.78 14,52 16.23 10.86 9.04 10.72
-06 1.98 2.00 2.89 2.57 -09 .05 .02
181.06 2.60 2.61 3.61  2.54 20.42 —_ 55.39
7.33 2.40 2.47 1.73  3.02 4,57 -— 6.62
132.67 1.21 1.24 61 1.17 51.00 —_ 24.00
L1 2 3 i 3 1 X 1

n = number of samples
# = total Fe as F0203
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Differentiation Index

€ 27 a. Plot of Thornton and Tuttle's (1960) differ-
entiation index versus Sr, Cu, Ti in ppm
and Fezoi total, Ca0 and Mg0 in wt. percent
for granitoid rocks of the Wylie Hill
showing. Lines are visually estimated
approximate fit to data.
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Differentiation Index

Figure 27b. Plot of Thornton and Tuttle's (1960) differentiqtiqn
index versus Rb, Pb, Zn, and Ba in ppm for granitoid
rocks of the Wylie Hill showings.
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' Za0 and MgO have a negative correlation with differentiation
index (Figure 27 a)., Most of ,the trace elements (Zr, Mo,
Nb, N, Y, Cry, S, U, and 31) either show no variation or
irregular scatter, butVST, Cu, Ti, Pb, 2Zn, 3a and Rb have
a negative correlation with differentiation index
(Figure 27 a, b).v ) |

_ The sharp drop ih the trends of Fep03 total, Ti,
Mgo; Cu, and 2Zn can af}_be explained by the virtual dis-
appearance of bilotite, theybnly mafic mineral, in the most
differentiated granite. The negative correlation trends
of Cab and Sr can botthe explained by change of the
composition of the finaily formed plagloclase feldspar
to almost pure albite. The behavior of 5a, Pb, and Rb
are all related to K-feldspar, the major potassic milneral
in gr@nites, even though K50 shows essentially no variation.
Ba exhibits capture behavior and is t%us deficient in late
formed K-feldspar, and similar btehavior may be shown by
Pb, although its strong tendency to exist as a sulphide’
phase complicates this picture. Rb apparently decreases,
then increases, behavior which bas been éxplained by
the slightly larger radius of Rb* (1.47A°) versus| that
of K* (1.334°) Pesulting in 1ts concentration “undel

In exapining the data it became obvious that the

usual parameters used as indices of differentiation such
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as sllica and Thornton and Tuttle's-differentiation index

vere not very useful. The granitolds are so highly

differentiated that differentiation index did not vary

greatly, for although quartz, orthoclase and albite

contents vary in proportion the total remains essentially’

the same. The normative quartz content was consldered as

a helpful index to plot the variation of other elements

against since 1t increases at the expense of other

minerals in late differentiation and it is also a help-

ful indicator of late stage silicification, possibly

resulting from separation of a 31 rich flqid~ph§se, as

discussed by Burnham (1767). Comparison of the geochemical

data tabulated in.tables 6, 7, 8, 7 and 10 for intrusive

units within and between the different showinés reveals

that soﬁe trace elements and element ratios show significant

varlations. Values of.these for the different mapped

intrusive units of tbe different showings have been

plotﬁed against normati&e quartz with units for the same

showlng'joined by numbered dashed tie lines (Figure 28 a and b).

3econd order regression lihes have been calculated and drawn
“ through the data to show the combined trend of variation.

The average composition of the statistically sampled

alaskitic granite phase (Figure 18) has been pldttéd in

each dlagram as a reference to which variation in the

intrusives asspclafed with the showings may be compared.

"3r is present in very low concentrations, generally

o




300 T T T :’ T
LN
200t
%
R
100}
WMo ———~—=— 1-— —
o\
O 6
900 i$§

700 N

e
Q
\ 4
e \ R
\ R
x— - S
100t -
\i\' ~ o
0 ~
& N
\ oy
o} 27 oy
il sy ~a—1
y\\\x_...‘ e n
20 L A ) T3y |
30 40 50 60
Qtz
sa) Average Alaskitic Granite
®) Alaskitic Granite
v} Mg. Granite
X) Porphyritic Fg.-Mg. Granite
O) Fg. Granite and Aplite
A) Quartz Aplite
+) Mineralized Granite
(®) Quartz-Feldspar Porphyry
gure 28 3.

140 T

i ! B 1

P — — O = = ——

120}

80

150

100~

-

N S e s S Nt

P
QNI WN -

Motu

Ackley City
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Frank's Pond

Belle Island

Plot of Zn, Pb, Ti, Zr, Y and Ba in ppm versus normative

quartz for average intrusive unit compositions of the
showings; points for the same showing joined by numbered

dashed tie lines, solid lines are second order regression
lines through all data.



400

320

240
100
80
60
40
20
@)
8
i
6
5
4
3
2
1 1 1 1 1 !
30 40 50 60
Qtz
@) Average Alaskitic Granite ]
o Alaskitig Grani te 1) Motu
x gg}pg;i?gg Fg.-Mg. Granite g) gc'dgy C;ty k-C ‘s Cliff
2) Sg. Granite and Aplite 4 ";Tgeeﬁi]{oo Baa fid
uartz Aplite
+§ Mineralized Granite . gi g;ill?:'?s?g:g
®) Quartz-Feldspar Porphyry
Figure 28 b,

Plot of K/Rb, Ba/Rb, Rb/Sr, Ca/Sr, Ba/Sr and Rb (ppm) versus
normative quartz for average intrusive unit compositions;
points for the same showing joined by numbered dashed tie

lines, solid lines are second order regression lines through
all data.
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within the limits analytical precision, however, the ratios
with other elements exhibit trends of variation similar
to that of othér elements, and therefore the values are
considered useful. The actual variatibn of the elements
and ratios will be first described and then their possible
significance will be discuss.ed.

Zinc 1s strongly enriched in the Ackley and
Aylie Hill showlngs while the other showings all have low
values close to that of the average alaskite composition,
and the 3elle Island showing is markedly depleted in the
element. Lead ls strongly enriched in the Wylle Hill
showing while the other showings are fairly similar with
there being quite a bit of variation within 1individual
showings. All showings except Belle Island are more en-
riched in Pb then the average alaskitic granite, Titanium
shows little change at Motu, and decreases in the order
élaskite, ng granite, aplite, gineralized grahite at the
Acklay Clty showing. There is similar variation in the
other showings, all having lower T1 values then the average
alaskitic graﬁite. Zirconium also exhiblits variation
within showings as well as there being a geneéral trend
of decrease in average Zr contents of showings from a
high in the Belle Island showing, and a slightly Lower
content in the average alaskite ;rmite to lqﬁer values
in the Ackley City showing. Y is enriched in the Frank's
Pond showing relative to the average alaskitic granite
iand some other showings, while the Wylie Hill showing

AN
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i{s similarly depleted in the element. Ba 1is ciepleted in
‘all showings, except Belle ]}sland (500-750 ppm), relative
to the average alaskitlic gpanite.and there 1is also ex-
tensive variation within and betvween the different showings.
Rb shows extensive variation, all showings except Belle
Island being more ‘enriched then the average alaskitic
granite, this trend being most pronounced in the Ac-kley-
City and Hofu showings. K/Rb and Ba/Rb show similar
'vfeatures of lower ratios in all shovings,‘ other then.
Belle Island, then the average alaskitic granite and
general trends to lower values in finer grained or higher
quartz normative intrusive units; Opposite trends toward
higher ratio vnlixes than that of the average alaskitic
granite 1is exhibited by the showings for the ratios ‘
Rb/Sr, Ca/Sr, and Ba/Sr, the highes»t values of individual
showings being in the mineralized equivalents.

The variations in Pb, Zn and ¥ apparently
represent relative enrichments of these trace elements
in cértain shovings: " A secondary origin for the high
.Pb and 2Zn seems unlikely in view of the consistent high
values for all intrusive units, Some of the variations,
such as those of the mineralized granite are probably
the result of secondary alterations, however, the differ-
‘ences of the other intrusive units must be primary. The
‘overall trends of’v;ar‘intion, namely decreases in 2r, ba,

T1, K/Rb and Ba/Rb and increases in Rb, Rb/Sr, Ca/Sr,

and Ba/Sr in the movm: compared to the average




- 138 -

. \\3

alaskitic granite are, according to Taylor (1365), those,

which would x;esult from crystal fractionation. It is
quite obvious from field evidence and the geochemistry
that the alaskitic granite and the intru..si'vé phases
associated with mineralization are closely related.

The indications that the fine gralned intrusive units
are younger than tlhe coarse gralned alaskitic granite
given by field relations is supported by the trace
elements and especially the elemental ratios. /_w1‘\tb1n
the individual shouings the sequence of variation of these
generally suggests a decreasing age and an mcreasing
degr‘\ee _of fractionation sequence of alaskite granite,
medium grained granite, p?rphyritic fine grained granite
and aplite. B3elle Island, however, is a notable exception,
the coarsest grained intrusive being the most hlghly
fractionated and all samples being generally loss than
or equally fractionated as the average alaskitic granite.

A sequence of AFM diagrams for the ;utferent.

showings (Pigure 2) has been plotted to illustrate the
variation of major element nfic components. All the
shovings plot similarly,-as being less mafic than the
average. alaskltic granite. Mineralized oduinlents

are generally noro "mafic® thnn the other intrusive

units of a showing, possibly as a rosult of ncondary
] ndditlon ot re as pyrito or n;notitc. Generally the
sequence ‘of variation within individual showings 13 '
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0; F=FeO.+ MnO; M=Mg0) for the

different molybdenite showings. The corners of 5 AFM
diagrams have been combined in one diagram, the lower
corner of the triangle for each showing is labeled.
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similar to that illustrated in Figures 27 a and b, the
rinér g;‘ained intrusive unitg being the 1ens£ mafic or
-most di'frerentiated. (T
1; riati ' ranite

‘ The alaskit'fo granite north of the rhyolite
contact was systematically sampled (Figure 18),.these
samples were subsequently anilyzed for the same elements
‘as the intrusives assoclated with the showings. These
samplrevs vary slightly in major and trace element contents,
s fact vhich 1s apparent in Figure 12 a and b, When the
spatial distribution of this variation was consideg'ed it
was found to be systematic, ilthougﬁ no corresponding
variation in lithology of the aluskitic granitg 1s

apparent.

Th§ apparent degree of differentiation of the

alaskitic granite phase, as neasured by \Thornton and
Tuttle's (1960) differentiation indéx increases toward
the intrusive contact (Figure 30). This systematic

variation 1s mirrored by a decrease in Zr, Ti, Wi, Cu,
Sr, Zn, and Ba and an increase in. Xb, Pb, 'Rb and Y )
toward the contact. The D/Rb ratio decreases nnd_R
increases toﬁa‘rd tb@ contact (Figure 31 and 32). Other

- elements of inter_ofst, ‘notably Mo, do wot dxhibit regular
sp-thl variation. The uvlask‘i'tic granite pfun, therefore,
exhibits a sequence of vi_r_htion of increasing f.r;et;mtion

of trace.elements and major elements toward the conuctl,
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Figure 30, Contoured data
of Thornton and Tuttle's
(1960) differentiation in=-
dex for the alaskitic
granite, contours of 95, 98
and 98.5, sample locations
as solid circles and
showing areas as dotted
square outlines.
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Figure 31 . Contoured Ba/Rb X 10
data for the alaskitic granite,’
contours of 10, 30 and 100,
sample Tocations as solid circles
and showing areas as dotted

,square outlines,
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" Figure 32. Contoured Rb/Sr data

for the alaskitic granite, contour:
of 3, 20 and 50, sample locations
as solid circles and showing
areas as dotted square outlines,
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the element and ratlo trends' belng the same as those ex-

The actual var of elements within a qhowihg,
w¥11e Hiil, has been investigated by the analysis of drill
core samples which usually represent crushed‘split cora'ot
3 to 6 meter lengths. The results have been plotted against
depth and rock'type to” graphically present the.vuriatiéqs,
an example being presented in the text (Figure 33 a and b),
the rést of the sections . being in Appendix C. I

" The drd 1l hole sections show a number of important

features which are best listed in point form:

(1) Ma}or'elements exhibit ndrnal.cqvariant behﬁvior.

(2) There is a major difference in composition

between the rhyolite and intrusive, there being no

suggestion of contalinhtion of the intrusive near the
contact. o : )

(3) vThere is an 1nd1chfion that thgonafic nature
of the intrusive increases and degree of differentiation
decreases with depth ;way froam the contact.

(&) Hinoralizatlon"generally reaches a peak some-:

‘vha- on the .mtrusiyo side of th% contact and decreases.
quicRiy thereafter. '

(5)\ There is a fairly close apparent relationship
_botvepn' ry, ¥, and S. The high Ni and Cr values in |

drill cpre saiplda had been considered to be due to

¥




8zl

Y€l
1ot B3] 1ok

071

l

(si13jaw)yydag

9t

o

3)1u0u9 Nuld O1311hydiod 64

t‘—‘—‘—h’gl A Itgb‘_Lllglh' . "mEL‘ 1.551111&.& 1 't’-;io A L:Jg 1 lgé i) 4 1§’
?
|
z
% &
1 w0
: .3 ]
]
r ?
-~y
g 4 0 x 4 = 2 2
8 B e ? LA LS S
Figure 33a. Plot of major element (Fe total, Si0,, Ca0, K,), MgO,

O )
Al,05y Nas0 and MnQ in we%gat percent) and trace element
(T% gnd Y in ppm.) data for diamond drill hole NLX=69-11

at Wylie Hill showing versus depth in meters and rock type.



8zl
]
Ay

7€l
sutd ‘Bl apo

ot

{si13}aw)yidag

L1t

|

331uDI9 uid d1IAydiod D4

4]

|

=X

008
oit
ost

1S

Figure 33b.

T

plot of trace element (2r, Sr, Rb, 2Zn, Cu, Ba, Mo, Nb, Pb, Ni,
Cr and S in ppm.) data for diamond drill hole NLX-69-11 at
Wylie Hill showing versus depth in meters and rock type.

AOIN
o

11-69XIN

- 9ht{ -




e L R o e e

- 147 -

contanination from the drill bit, but this correspondence
suggests that Ni and Cr may be accommodated in the
abundant pyrite of the showiqg.

(6) In some of the segttgns there is a suggestion
of metal zonation,’a~high of ﬁo being rimmed by highs

of Pb, 2n, Cu or Nb, . Such variations are not always

present but are quite marked in some sections.

9.3.6 Correlation.Matrices .

To aid in an understanding of the large amount
of geoéhemical data a number of correlation matrices were
caiculatéd. The first (Table 11) is for all of the geo-
chemical data and is therefore not valld for U and Bi,
since these elements were not analyzed fcr 86 of these
samples. The second (Table 12) is for the samples of
alaskitic granite, the third (Table 13) being for all the
Samples from the different‘showings, and the fourth
(Table 14) is for the diamond drill core samples from
Wylie H1ll which were not analyzed for U and 3i. Pre-
sented with each table are critical values of the
correlation coefficient (r) for diffefent levels of
significance (.05, .02, .51 and .001) or confidence

(95%, 8%, 99% and 99.9%) for the number of samples used

in each correlation matrix. PFor 99% confidence based on
200 samples the critical value of r is shown to be .181.
In other words, a value of % greater than .181 would
indicate a corrélation between variabdles that could be
predicted with 99§ confidence.
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Drill Core Semples(86) From Wylie Hill Showing (U-Bi not snelyzed)
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The elements in the correlation matrices
generally show correlations at the yy& confidence level,
these correlations being malnlj ones which could be pre-
dicted on standard petrological grounds, as for example
the negative correlation of almost all elements with silica.
Variations in ele;ent correlations between the different
groupﬁ of samples used in the correlation matrices is
apparently not major, as would be expected if.all the
samples are of closely genetlically related intrusive
phases. A detailed discussion of the different positive '
~and negative correlations "wtth‘petrologicnl axplanataions ’
seems unnecessary, e{;c_ept for the' behavior rot the diff.erent
metals which would be eippct&i to be assoclated with
_mineralization. These are discussed in the next section
(5.3.7) on economic geochemistry. [,

c _geoc str

Analy.ses‘ot mineralized intrusive material from
the different showings, other then the Dunphey Broock-
Crow's Cliff, was made to aid in .\understanding the nature
of mineralization. To determine metal associations tfnce '
element anai.ysis wvas made for a large number of elements,
such as Pb, Bi, Ni, Cr, U, Cu and Zn vhich might be ex~’
pected to show some association with molybdenite mineral-

1zition. Alsé, since there i3 a coni;on a'ssoe'iation of

W and Sn with Mo, six minmeralized samples from the
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different 'shovings vére commércially assayed for W and 5n,
but neither were detected (less then .00%) in the samples.
The average coamposition or_minerq.ized intrusives frou the
different showings are presnntéd in 'IublosTG, 7y 9 and 1.0.
'rhe enrichnonts and dopletions associated with
minerllization are -lnor, many of the lujor element v
changes being prol'nbly the rq’sult of mcreases or §}02 ,
due to silicification resulting in a dorresppndl.n'g decrease
in other elements such as Al303, K20 and Na 0. Trace .
elrent variations in thg fora of docreises ny‘also be
the result of silica dilution, while the increases in |
some other elements, Cu, Pb, Bi, 2zn, U, Nb and t!indicat”er

additions of these elements., There are also variations

‘in enrichment between showings. These increases, however,

are generally slight, indlé_ating that Mo 1is the only
economically interesting element and that enrichaent of
this element in the showings is not characterigzed by

major addition of the other elements which it gonornlly

shovs an assﬁiation with. Ineruses in Cu, Pb, Z.n and

Bl are probably the result of minute qmtities ot sulphides
of these elements, but the increases in U, Kb and Y are )
less easily oxplai.néd. The fdentification ‘of pitchblende

in one ore sample from Wylie Hili suggests the presence

of rare rad‘iou.:tive minerals which would also be ‘expected

to .be enriched in Y and Nb,

- N )
N T g+
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The correlation matrices (Tables 11, 12, 13 and
14) are useful in understanding the behavior of different
elements of economic interest, Mo, Pb, zn, Cu, Bi and U.
They indicate that there are differences in the nsociation's
of these elements in rocks of the showings as opposed to |
the unmineralised a_l(skite ﬁrmito. Mo apparently shovs
ne rohtlonshiﬁ to the other metals m the showings, but

correlates closély with U and Nb. The correlation of Mo
with Cu and Pb in the alaskite granite suggests that it

" may be acconnodafod in biotites. 'rno correlations of
Pb suggest that it has a suplo distribut&on, pouibly
as a sulphide, in the ahouruus but a complex distribution
in the Alaskitic granite. Zn shows the reverse tondancy,‘lV
a conplex distribugion in t.ho shoytnas and a corrq_lation
vith Sr and Ba, two elements vhose distributicas are tied

i
i
&
’
"
H
\
:
;

to feldspars, in the alaskitic granite, suggesting it may
also be accomaddated in these minerals. Correlations of
Cu also indicate a complex distribntion in the shovings, i
probably u a sulphide, in pyritu, and biotites and a
simple cne in the alaskitic gruu.to, probably in blotites.
The diatribuuon ‘of Bl is difficult to lxphin, for it is
very closely tiod to. Cry, an ol.cnt wtth whioch it has an
almost porfoct correlation. A Posu‘nl_y the two elements
are preseat as impurities in an Bxide-phase such ' |
magnetite or 1n yyrltq. Uranium, although it shows a |
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complex number of correlations, is probably present in
zircons, sphenes and as seperate minerals (‘eg. pitchblende)

in which Nb and Y are also concentrated. It is notable

" that the correlations of all these\ elements are diffexjent

in the drill core samples from Wylie Hill, a fact which
suggests that t!_xé, distribution of elements vqriés“betveen
_the showings. ‘ ‘ ’
One of th'e ahowirigs, the ‘A_ckley Cit‘.y; not only

had extensive s_ilicification but also muscovite alteratign

associated with mineralization. The nature of the Chemical
changes 'in;rolwl.ed i.n‘ tpis nltcrntion‘verea examined by
analysing three cldsiiy spaced samples across a pﬂa\tch-
of muscovite altération (fuble 15). The first supie_
at the edge of the alteration had only slight sericitic
alteration of feldspars, the second from the outer part
or$ the zone had al‘i foldspai's completely réplaced by
muscovite vith nugnontltion of priury quartz, whil/c the "
third sample froam the niddle of the zone conaistedt of ,
massive coarse gnlnod (1 cn) nusepvite. h R
6 ‘l‘ho diff-rcnco between the alightly altered
grnnito md thn qmrtz-soricite rock is very sli;ht,

eensistmg es,snnthlly of a_p increase in ’°2°3, (total)

~ and Hg0, & one pefcent drop in Na 0 and K0, with the

trace elements remaining ésa}”onthlly' the .same. 'A,n increase
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Table 15

Ackley City Showing

Enasi_@g Degree of Muscovite Alteration of Mg. Granite

FElulmt Minor Quartz-Sericite Alteration :;;:a;:am Quartz-~-Sericite 3::!1.:;125. Muscovite
810, 78.22 78.00 51.00
110, .05 .15 .38
AL,04 10.43 10.60 26.90
Fe,05 .89 4.30 4.93
MnO .0k .19 .27
Ca0 .28 .0b «36
Na0 1.96 49 1.50
K0 3.35 3.48 8.84
H,0 .85 2.66 5.11
Total 98.11 100.00 100.13
e 73 73 89
sr 8 1 11
Rb 471 S47 304
Zn 224 176 175
Cu 53 46 7
Ba 45 46 k 77-

3 o L 13
o e 33 - 114
i 32 o =
Bi 17 - o
L 51 5 &
.:1 % 6 18
29 22 54
cr
14 13 %
f i 673 1724
[ 540 700 e
'?':l/‘:b bl 20 24.14
Ca/sr i "y .25
25.01 28.59 e
Ba/sr
5.62 46.00
Rb/sr 58.88 i 7.00
L 27.64




for a drop in Rb and an increase in Ti. The changes in

. removal of siilci, which formerly exist
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1n alteration to a massive muscovite rock is mar
large drop in 5105, and major increases in

H20. The trace elements remain relatively unchanged excep

the composition of the rock €eem, therefore, to be slight
in comparison to the major lithologicai changes, the
constancy of the trace elements being eSpecfally’re-

-

markable.

Apparently the early stage»of muscovite alteration
can almost be considered as takipg placé in & ¢losed system.
I1f the altefation.renction goes to completion, with complete
ieplacemenﬁ by muscovite, there is removal of silica,
bly that which vas present as free quartz. This

suggestion is supported by the vuggy ﬁorous nature of the
N

massive muscovite rock, a fact which indicates a volume-

ige. Removal of silica would result in a
residual incrsase in the other oxides, a process which
could explain the major increase of A126' and X;0. The

Jg as quartz, -
vould not affect trace elements greatly since thgy are
accommodated in the other rock forming minerals. 1t is
evident that the nuscovite alteration process at the
Ackley City showing is not accomplished by major transport
of materials, and can most alnbly be explained by replace-
ment of all but quartz by muscovite accompanied closely

=
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by leaching of the quartz by the altering solutions. If
this silica 1is deposited nearby it cogid account for some -
of the major silicification at the Ackley City showing,
however, the observed volpme of secondary quartz greatly

exceeds the volume of rock replaced by‘muscoﬁite.

5. Petrogenesis

2.4.1 Introduction

The preceeding sections on the molybdenite
deposits and thelr hostvlntrusivgs strongly suggest thét
the molybden;te 1s closely geneticaliy related to the
intrusive rocks. A close relationship to the aplite-
pegmatite phases which are spatially related to the
intrusive contact of the granite with the Belle Bay ’
'Formation is also important ;n.the origin of the depositbﬁ
In view of these apparent ciose ties between mlneralizaigon

* and intrusives, the conditions of cfyspallization and

orléin'ot the latter must be explained prior to discussion

of the former., ) .

The question ot'whether the granite his a crustal
or mantle origin is a difficult problea. Although the initial
875r/863r ratios are lov (.705, Bell and Blenkinsop, 1375),
the Rb/Sr ratios are higher than those -of the 3ierra Hevada
Batholith (Pig. 14) and the K/Rb ratlos are rather low
(Fig. 13), both suggesting a crust;l origin. All of these
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featureé suggeét some crﬁstai involvement -but none are
coniclusive indication of s crustal prigin and the true
origin of the granite remalns uaresolved.

Some approximation of the conditions of
crystallization pf the magma.can be obtained by a con-
sideration of normative Q:Ab:0r proportions of the in-
trusive units for the different showings and the average
alaskitic granite (Fig. 34). Superimposed on these plots
are the positions of the ternary minima and éutectic at
various water pressures (.7 to 3.0 kbars). Most of the
intrusive units plot close to the ternary minimum at
0.5 Kbars or Slightly below and to the right (therefore
more Or). The intrusive units which plot well above it
have undergone secondary silitification., The unusual
.positions of the.quartz-féldspar porphyry can be attri-
buted‘to the high quartz and K-feldspar phenocryst |
content. all intrusivé units have very low An contents,
a fact which 13 emphasized by Figure 35 in which Or:Ab:An
proportions are plotted, for even though an content is-
artifically exaggerated in this diagram, it still appears
to be low. The fact that P05 was not analyzed for, and
therefore:ﬁhe contribution'ofldpatite to total Ca0 has
not been accounted for in Tables 6, 7, 8, J and 10
suggests An content of the intrusives is even lower.

If the general offect of a trace of An in the system

e s
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30 ~Qtz 70

a) Average Alaskitic Granite

o) Alaskitic Granite

V) Mg. Granite 60

(x) Porphyritic Fg.-Mg. Granite

(o) Fg. Granite and Aplite

A) Quartz Aplite

+; Mineralized Granite S0
®) Quartz-Feldspar Porphyry
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Figure 34. Plots of average intrusive unit compositions
for the different molybdenite showings in
the quartz-albite-orthoclase system; curves
for water saturated liquidi at indicated
confining pressures (.5, 1.0, 3.0 and 5.0
Kilobars), isobaric minima (M), ternary
eutectic (E) and area of concentration of
analyzed granites (oval area) after
Tuttle and Bowen (1958).
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Figure 35.Plot of normative Ab-Or-An-for the different molybdenite showings. a-b is the univariant
liquidus curve (after Presnall and Batemen, 1973). Other solid lines represent the
plagioclase and orthoclase solidus fields.
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would be to shift the eutectic towards Or, as found by

James and Hamllton (1967) at 1kb Py,p, then the intrusives

should plot even closer to the .5 kb ternary minimunm.

Pressure of crystallization is, therefqre suggested to

_ be Abbut «5 kb PHéO for the fine grained‘;ntrus;ve phases'

3 with a slightly greater pressure for the average alaskitic

%f granite. Such pressures would be equivalent to a depth

of & kin or less. ) _
Tbe Q:Ab:Or plot suggests a high 1ey§; of

emplacement for granite, but other major fe;tﬁfes,of the

granite are at variance with this 1nterpretatioﬁ;; Fy

- number of characteristics of the mineralogy, geochemistry,

% ~ textures, rock associations and depth of emplacement

typify the hypersolvus and subsolvus end-members of

Tuttle and Bowen's (1958) modal-chemical classification

‘ﬁ of low-calcium granites (Table 16). According‘to Table 16

'the presence of pegmatite and aplite, especially-in the

volume of the Ackley showings, is inconsistent with a high

level of emplacement. Other teaturés,'hovever, such as

extensive grancphyre, abundant nia:olitié'cavities.

tuffisites and depletion in Ba, Sr and Cr gre compatible

with it being a high leGel\hypérsolvus‘gglﬁ}t@. An

important feature, the occurranée of sodic gafdspar within

perthite,iis presént in the pegmatites, bué, in the other

intrusive phases sodic feldspar occurs as discrete grains




III Som

e Characteristics of the Mineralogy, Chemistry, Texture,
and Rock Assoclations of Hypersolvus and Subsolvus Granites

Subsolvus

Hypersolvus

Reference

Relative enrichment in V,
Sc¢y Cry Ba, Sr

Alkalil feldspar is always in
the ordered, "low-temperature"
form.

Sodic plagioclase occurs as
discrete grains.

Miarolitic cavities are
rare or absent.

Pegmatite, aplite

Mesozone

Chemistry

Relative enrichment in Be,
Yo, Y

Mineralogy

Alkali feldspar may occur in
the disordered, "high temper-
ature" form.

Sodic feldspar occurs within
perthite.

Texture

Miarolitic cavities are
common.
Rock Assocliations

Granophyre, rhyolite,
rapakiul granite

Explosion breccia, intrusive
tuff breccia

Level of Emplacement
Epizone

Durisek (1964)

Tuttle and Bowen (1958)

Tuttle and Bowen (1958)

Tuttle, Luth and Jahns,
(1964)

Tuttle, Luth and Jahns (1964)
Jahns and Tuttle (1963)
Martin (1970)

Hughes (1960), (1971)
Reynolds (1954)

Tuttle and Bowen (1958)

= g9 -
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of plagioclase as well as within perthite. The structural
state of the alkall feldspars of the pegmatites (Flg. 21) is
close to that of orthoc}ase, not maximum microcline‘,‘sas
would be expected of pegmatite. " Although separated
-felvdspars were not studied from the other 1intrusive
phases, the XRD modal analysis method of 3radshaw (1 963)
included a determination of orthoclase-microcline ratios,
and, the microcline III peak was not observed in any
samples, nor was the characteristic patchwork twinning
‘observed in thin section. This suggests the alkall feld-
spars are not in the maximum ordered "low-temperature™
form but probably are in An intermediate disordered state

such as orthocla sé.

Many of the characteristics of a high level

hypersolvus granite, therefore,. ‘correspond to those of

the Ackiey alaskitic granite, the major inconsistency

being the aplites, pegmratites and the presence of plagiochse.
. These features according to Jahns and Tuttle (1963), depend

to a large extent on thp vater content of the sagma. The

hyggrsolvus granites represent magmas initially low in

watéi-‘,_,or magmas that lost much of their water before con-

solidation as a rosult of nnr-su.rtace crystnllization

where the overburden is not great enough to pemit large
mounts or water to remin in solution. The subsolvus

grmitos, on the other hmd, may carry large smounts of

[y
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pegmatitic and aplitic iaterial or none at all again de-
pending on. the cooling hlstozjy of the intrusive. The main
requirement, merefore, _to form the .observed pegmatite and
aplite at a high levei would be a high water content of

" the magma. - : . ']

An assocliation of aplite-pegmatite-granophyre-

tuffisite at Dlifrs, avalon Peninsula, described byrﬂvughes
{(13971) is ‘nmplogicany indistinguishable from the Ackley
: Efanite associatién, except the later ‘is.s of mulch greater |
extent. The Duffs occurrence was interpreted by Hughes
('1 971) to ‘repres’enti the upper levels of ring-dyke intrusions
into comagmatic lavas, depth of intrusion being né niore_
tnanhz,‘o'oq m, its origin being explained as:

Initial crystallization of water-rich magma
close to ternary eutectic composition resulted in
textures grading from granophyric to microgranite.
Eventual entrapment of water rich pockets resulted
in crystallization form a silicate liquid and a
‘hydrothermal liquid simultaneously, probably at
magmatic overpressure, to fora 1soiated bodies of
pegmatite contain glant suhedral quarte crystals.

- Later aplite, rhyolite, rhyolite breccia, and .
tuffisite vei.ns rotloc& the eacape of magma and
magmatic gas through the congealed parts of the
intrusion, at first permissively, but later
with mereasuuly cxploatio effects.

. rhis hypothesis can be appnod directly to the
‘1dant1ca1 occurrences or the Acqu gruutc. A nalmz
in of vohtilu at such a high lonl of intrusion thus
facilitating the attluuex:t of magmatic ov.rpnuuros,»
could be related to tho imperneable voleanic hoct rocks,
. muuuon vhich is mportod by thoir dhtrihution in

e

tho area or the ahovm(l.
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The above explanation reconciles the high level
of emplacement of the Ackley granite with ‘the presence of
aplite and pegmatite, although the rajor feature which seems
to control the distribution of mineralization, the distribution
of the pegmatite and fine grained intrusive phases is yet
to be explained, The aplite, pegmatite, fine grained
granite and porphyritic granite with the associated
molybdenite mineralization are located in embayments of
‘the intrusive into the rhyolite. The fact that the coarse
grained alaskitic granite phase 1s in sharp contact with

. rhyolite between the showings, and that the fine grained
intrusive phases extend beyond the contact to well within
the alaskitic granite at Prank's Pond, rules out a chilled
contact zone origin for the fino grained  intrusive phases. 4
The most reasomble explanation is that these phnsn are
preserved remnants of a once extensive roof ‘zone to the
alaskitic granite. The distribution supports this, for

_in the area of the sabayments ﬁho rhyolite-intrusive
contact 13 almost'flat-lying, vhile elsewhere the alaskitic
gr'qnu‘;o-rhyolltql contacts are steep. Prink"rstohd would

B
3
g.
!
%
|
i
i
w

represent an area \rho.rve' the rhyolltolr_o'ofl has also bocn

recently r-ovod.. A mm. of uiuklii& ;rn'nito-v

porphyritic ;ruuto-nputc-pomuto-rhyouto as the

eontact 18 tppmehod is approxtutoly the same ln the
dift_oront:ahovinp along the contact snd apparently re-

preseants a iayorpd sequence di,pptu p.nn.; ‘to the ‘mtrua.ivg__.
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rhyolite contact. This is supported by diamond drill core

- data at Motu, Ackley City and Wylie Hill showings, observed

aip of contact—s, and vertical relief expesure Qt the Dunphey
Brook=Crow's C1iff showing. o

.If the roof zone ‘hypothesis 1s to be acceptable,
a reasonable explanation for its térmtion must be suggested.
The cheuical variation of the alaskitic granite phase suggests
its degree of differentiation increases toward the rhyolite
contact and the~t1ne grained intrusive phases are chemically
mo}e_differentiated then the al,askitic’ giranite. The chamis_try,
therefore, suggests a differentiated sequence with the roof -
zone being the top of the sequence. The gradational c_hin;e
in composition suggests differentiation in situ or as the
magma rose. "l'he rare observed sharp contacts -between the
different granitic phases hovever suggest intrusion of the

roof zone: conp-lex as sills. The roof 'sdﬁe vas an area of

-grnt concentntlon or volntnos. as evidencod by the

pegmatites. Such conccntrltlona could havo been dex‘ivad‘

- by rise of aqueous-phase bubbles from underlying magma

(Burnham, 196?) or by s procoss of ‘tuctloml crysullizttlon,

.extraction of water saturated rum\n nnd oonc-ntnuon

of the residue in ‘the roof szone (Jm- and m. 1969).9
co-bmtlou or thou tvo procusu h mtt ‘1ikely to
give the more hi;hu rue’homtod uuu of the roof nom,

_ a,y‘}on as the. -—urgo_ mlu_n ot vnlgti.),n_. Rotmti,cn of

" ;_’“.‘
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% o - .this magmatic water in the roof zone would lead to sepﬁration _
' of an a‘quedus phise’, geno‘ration of magmatic overpressures,
reduction of liquidus temperatures, concomitant crystall-

ization of pegmatite, grmophjre and aplité, vapor transport'.’

7 and crystallization of Quartz, and rglease of pressure to
. | r.orn further aplite and tuffisites. | V
A simiiar but unmineralized roof complex has been |
descrided by Stone (1975) ia the Tregonning-Godolphin
grmite, Cornwall. Thls'couplox of banded a'plite-pegutiteé '
laucogranito (Fig. 36) 1s better goologically docunontod
‘due to better vertical relief and preservation. vStqnq | ;
proposed a process of in situ differentiation, accumulation i
of volstiles in the foot'. local pnrtiﬁl- remelting of .rmit,o !
and -x;elobiliutioa in situ to glve tho several intrusive 2
. phases that form the- Root Zone. Tilting of this grmi.to I j
i (Pig. 36) by about 30° and oroslon dmm to sea level would | | é
result in & sitmtion li.lihr to the Ackloy mtrmlvo complex, g
for the roof zome would bde pruerud in, emdayments’ or patches ,
.
i

w7 A '
i e So s
- T&T

within the mtm:lvo. “The ,mnuon in thickness of the
: roor -sone would nlno be rouuﬂ;tc in ﬂ.w ot tho differencs
- ~ in its thickness bmmn uu ‘Motu m mnph-y m-cm' o

, 'nu d!.t!'orut ylmttc m-. n Cuerund
- -_-'f.hpn w7 ta thc -odo of oscursence’ d‘ sigsie
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Mylor Beds

! Roof Cemplex
lodgy

~

Corn‘C

. Tregonning Granite

>

Sea
— level

Figure 36. Diagrammatic section across the
Tregonning-Godolphin granite based
on the fully exposed coast section,
Cornwall. Length of section about
-3 km. Heilght of cliffs about 35 m.
From Stone (1975).
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ature of assoclated alteration. 1In terms of classifications
molybdenite deposits discussed in section 2.3 the different
howings would be classified differently (Table 17). The
ineralization at the Dunphey Brook-Crow's Cliff showing is
syngenetic pegmatite type. The large rosettes of
plybdenite in aplite at Motu, characterized by lack of
isociated alteration could be considered also as syngenetic.
he Wylie H1ill and Ackley City showings are characterized
features such as disseminated mineralizatign which could

s interpreted as syngenetic and fracture filling mineral-
zation with associated alteration which is epigenetic with
orphyry Mo type affinities. The Belle Island showing is

lar to the fracture-related Mo-Cu mineralization and
eration of porphyry type deposits. The Frank's Pond

wing is of quartz veln type, but the associated fracture-
2lated quartz-sericite alteration is similar to that of
rphyry type deposits. Although the classification of

2h mineralization as of porphyry type or affinity may

2 questionable, it is apparent that there are both

igenetic and epigenetic showings, as well as a gradation
:}overlap of characteristics of these types as indicated
able 17, indicating a transition from a magmatic to
irothermal origin.

All showings, other then the Belle Island showing,
* Telated to the intrusive phases of the Ackley alaskitic

Nite's roof zone complex. The mineralization, like
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Table 17
Classification of Ackley Molybdenite Showings

Characteristics Affinities Showing
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its host rocks, has a sheet or sill-like form at Mdtu,

Ackley City and Wylie Hill showings, dipping'approxlmately
parallelipo the intrusive-rhyolite contact. Grade of

i
i e AR s 4w <

m{nerglizatlon reaches a peak near this contact then drops
_rapidly away from the contact and the'sheet of mineral;zation.
fingers out quickly dowh d1ip. Apﬁarently not only volatiles
but Mo, possibly as (MoOy)z' complexes (Ringwood, 1955);

5 and small amounts of other metals were concentrated in

thé roof zone complex, probably at the same time and by

the same processesAas the volatiles. Variation in the
conditions of crystallization of the magma may be responsibie
for the deposition of the Mo sngeneticaily 95 eplgenetically..
As already dlscussed the pegmatite appears to have formed
undep conditions of magmatic overpressure from an immiscible
_aquéous phase, into which not only quartz and K-feldspgr

bui also Mo Qas strongly pagtit;pned.' The large roséttéé ‘

at Motu may be the'ro§ult of extended precipitﬁtion;ofA
Ho{%£ound scattered points or nuclei as-the host aplite
crystallized.’ Mineralization of the other showings is
epigcnetlc, but discussion ot their formation 1s ditticult
1n view of lack or any dotailod study of linoralization
and alteration. .The difference between the showings’
appear to be diftorcncos in rotention ot the voLatilos
within tho magma, with proclpltatlon bf nolybdcnito as the

v '_.
hs

nnzla crystnllizbd for the syn;cnotic sbowings, an opposed

i}
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to release of volatiles, possibly by fracturing for the

e
epigenetic showings. The formation process of the latter

would be similar to the orthomagmatic model described

in section 2.2.
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GHAPTER 6
SﬁMMARY AND POS3SIBLE EXPLORATION APPLICATIQNS
" 6.1 Summary o .
The following is a brief summéry of the findings
of this study: '

(1) The 'Ackley Batholith is a composite intrusion
‘consisting'or K-feldspar magacrysti§ granite in the north
and east and alaskitic grgnffe in the ‘southeast.

(2) The K-feidspar megacrystic granite is composed
of perthite, plagloclase, biotite, hagnetlte, zircon, |
sphene and rure tourmaline; the alaskitic granite has
the same mineralogy and also rare fluorite.

(3) Major and trace element geochemistry are come
\\\lele with the difrerent phases being related, the X
alaskltic granite being the younger more dinrerentiated
phase. ) '

A(h) ‘K/Rb ratios indicate the alaskitiﬁ granite is

a "late stage" granite, but not the K-fqldspir aega=-

erystic granite. o
~ (5) . The megacrystic granite is alkaline while 557/2/

14

alaskitic granite is strongly alkaline. : 7

(6) The Ackley granite 1s of a composition wjA
goocheaical affinities to the Pass Island, Red Is '
rack's ‘Beach, Belleoram and St. Lavrence (rnnitos
although the lattor two are apparcntly younger.

'&
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(7) All the showings of the Ackley granite (Motu,

Ackley Tity, Dunphey. 3rook-Crow's CLiff, Wylie Hill and

Frank's Pond) are spatially related td‘separate fine

| grained granitic and pegmatitic intrusive phases which

occur in embayments of the lntrusive contact and well

within the alaskitic granite phase. ' .

(8) Molybdenite of the showings is of the common

24 polytype.
(J)  The alkali feldspar of the pegmatites is perthite

of an orthoclase structural state characterized by anomalous

cell parameters,

(10) The Motu showing 15 within medium grdined granite

and porphyritic aplite intrusive phases, occurs adjacent
to theit contact with rhyolite in the form of large

molybdenite rosettes without associated alteration.

(11) The Ackley City showing is associated with L

pegm!ffte. fine grained granite, and aplite intrusive
phases, is in the form of disseminated and fracture filling

mineralization, and has extensive aésociﬁted silicification,

muscovite alteration and other forms of alteration.

(12) The Dunphey Brook-Crow's Cliff showing consists

of coarse'gr.;ged'nolybdenité within pegmatite that is
associated with fine grained porphyritic granite, aplite
‘and tuffisite.
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(13) The Wylie Hill showing is aéEEZ&ated with - ~
pegmatite, aplite and.porphyriiic granite intrusive ph;SGSy
is in the form of dissemlnited and fracture filling
& ‘ molybdenite ‘with @xtensive associated pyrite.
(1) Tbe Frank!s Fond showing {s quartz-molybdeniteh
veins associated with porphyritic granite and aplite
intrusive phases and has assoclated quartz-qgricite
alteration near veins. 1 ' ‘
. (15) The 3elle Island showing is fracture filling
quar tz-molybdenite-chalcopyrite mineralization having '

extensive associated alteration within a plug of alaskitic

granite. N ]
§ - - (16) The intrusive phases associated with mineralization B
are all highly differentiated with silica content of 75-80% ; ;»A

"~ and differentiation index of 95-100 ;uch ‘that major and

1;;_ ,‘ IS

trace elements show little variation.

(17) zn, Pb, Ti, Zr, Y, Ba, Rb, K/Rb, Ba/Rb, Rb/Sr,
Ca/Sr, and 3a/Sr values indicate that the fine grained
intrusive phasges 9ssoc1ated with mineralization are more
highly differcntihted then the alaskitic granite phase.

(18) 'The alaskitic granite’ phase shows a regional
variation in majgr and trace olenents 1nd1c.t1ng that its K
degree or differentiation 1ncrausos zrud:tlonally tovard s _
the intrusiv§4r olite contact. : ~ e f

g
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1) Major and trace element data.variation within
the .{ylie'}iill showing indicates there has been no
assimilation of rhyolite by the intrusive, and that the
d2gree of iifferentiation oi" the intrusive decreases

away from *he contact.

N

(2u) correlation matrices tndicate the major and

most trace elements exhipit‘ behavior which would be ex- .
pacted on standard petroiogical grounds. i
(21, .T‘r'ace element anglyses for a large nu‘z;lbef of

elements asually assoclated %with Mo (Fb, 3i, U0, Cu, Zn,
% and gn) Qdicate Mo {s the only economically important °
element in the showings, although the contept of the above

element s varies between showings.

{22) Mo shows no sigr}ificant correlation with any

correlation Jith Pb and ’u in the alaskite granite in-
dicates 1its probable accommod.ation in biotite. The other

metals also vary in the

corrtlatipns and thereforeﬂ\
assocliations and distribﬁ on between the showkngs and
alaskitic granite. '
(23) The muscovite alteration of the Ackley "ity
showing is, as indicated by geochemical data, not the
result of major transport of elements but rather is
explicable by closéd system alteration followed by

leaching of primary rock quartz.
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. {(24) The ackley alaskitic granite and it: associated
' lntrusive phases appear to have crystallized under low -

water pressures between .5 and 1 Kb, corresronding to a

depth of about + km or less., ¢ —

RV

(25) The ackley granite resembles a nypersolvus

granite in most of its characteristics and ths presence

of aplite and pegmatite, is reconciliable with such a

. ‘:las’sification.

<26, The fine grained ani pegmati*> intrusive phases

are explicable as esrosional remnants of a once extensive

roof zone complex in which volatiles were zoncentrated.
«27)  The roof zone complex is probably> the result of

differentiation of the alask'itic granite as it rose through

the’crust a@d in situ as well by injection of sills of ;

volatils riéh, more differentiated magma. ;
(28) The nmineralizatlon exhibits characteristics

indicating it can be'classified as represenfing a gradation

between true magmatic and hydrothermal eposits, there

being both pegmatite and porphyry

ti§ity showings as
well as showings with composite affinities.

(29) The origin of this mineralizatien, which is

lOCalizeai in-the roof zone complex, is closely related

e e i AN PO PN

to the formation of the roof zone as the result of con-

centration of Mo, S and minor amounts.of other metals 1in :

the volatiles of highly fractionated magma. "
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N

22, Variation in the conditions of -rystallization

N

f the magma ls probably responsible for the depositioﬂ
of,ﬁB\syngenetically or epigenetically, the most important
factor neing the behgvior of volatiles,

6,2 Possible Exploratlon applications

P
On the basgis of th2 present study further
evaluation work on these showings is not justified, for &

zontrary to previous interpretétions, mineralization can

not be expected to lmprove or continue at depth.

The concentratibn and distribution 4f molybdenite
‘mineralization within the roof zone indicate that the fine

grained aplite or pegmatite, not the intrusive-rhyolite - R

contacty, is the most important exploration target.

Potential for mineralization 1s, therefore, good along
the margins of the aiaskitic granite phase as well as .
within it due to possible irregularities in the roof of
D th2 intrusion, the best method for evaluating this being
a regioﬁal étream geochemical survey. The close genetic
tle of this mineralization to the highly differentiated,
“\high level, alkaline alaskitic granite indicates potentiél -

X is good in intrusives of similar composition, setting and

\\\\\\\ age, not only ;n Nevwfoundland but eléewhere in the S z
‘ Appalachians. The close affinity of some of the showings ) |
to porphyry type ﬁiqeralization and the high level natgre

\

of the intrusive indicates that models of absence of

+
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porphyry type deposits in pre-Mesozoic-Cenozoic orogenic belts
;t-to erosional level (eg. Sillitoe, 1972b) are not valid,
% therefore potential for such mineralization may exist

) the Appalachians. An alternate explanation may be that
se metal concentration in wvarious types of deposits is

n part a function of crustal evolution and that although
satures characteristic of porphyry-type deposits appear

y the Precambrian and Paleozoic rocks, or even culminate

| a mineable deposit as at the Copper Mountain orebody,
ispe Copper (Whalen and Hodder, in prep.), this type of
'ﬁ}l concentration in the plutonic phase of igneous

tivity in orogenic belts does not become dominant

til late Mesozoic.
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1.1 sample Zollection and Preparation

The sampling program was d<¢signei te accass the

composition and geochemical variability of 1ifferent mapped

intrusive anits, and thelr mineralized ani alterad

.
~quivalents,

.+ nacn location an 2ight pound sledeg= hammer
wa: 1521 *o coliect in plastic sample oags sing

rock samples consisting of unweaﬁheyed 2.t 3

and a slab for thin sectioning.

3amples were washel prior to the following

srushing procedure:

1) all the collected chips werse ~rished to slichtly
smaller size (122 cm or smaller) in a Denvgr steel Jjaw
crushe-.

(?) & representative sample of these pleces wWas
crushed in a tungsten carblde 3lebtechnlk swing aill for
thrée minutes, producing 3 rock powder ofl-jQO mesh, as
determined by random sieving checke.

1,2 Analytical Procedures

1.2,1 Major Element Analysis

Nine major elements (Fep03y (total), TiC>, 3i0p,
:a0, X>C, MgC, alp0i, Naj0, MnO) were determined by =2
Perkin Elmer 303 Atomlc Absorption Spectrometer tusing

solutions prepared by the following method:”




wa3 w2ighad intc a

rolycarbonate

agiin placed on t=am bath
1‘1"3?"-
lot 2col the solution was made urp

ml volume by aldition of iistilled water from

volume ii{spenser, This solution was than

nolyethylene bottles and used for all analysec.

All elements except “aC and MgO, which need
further dilution, were analyzed on the solutlons by
comparL%on to a range of standards 0%, 803, 707 ...
...107% prépared'from a standard granite stock solution
employing the settlngs given in the A.A.G. lnstpument
book for each element. a0 and MgO were determined on

solutions prepared by pipetting 5 Tl of sample solution

-
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intc a 52 ml volwnetricbflask, aiding 7 ml conc. ill,
1.0 m1 of lanthanum onxide ;olution ani making the :olutlon
ap to 52 al with distilled watar. 3tandari colutions wers
tr23tai in the same manner.

X g;anite rock standard \3—1f wig analyzed f{our

=3 ln tha aopove manner to dstermine the accuracy ani

crecisinn of the.-major elament analysis (Taole 18).

1.2.2 Trace =lemont analysis

Eifteen trace elements Zr, 37, by 4n, u, 3a,
Mo, Nb, 3i, kb, Vi, 7, r, and Ti, were letermined on
rreszed powder 1lscs using a rhilips Pa 1450 aatomatlc
Hardware Frogrammed Jystem (aHP) L-Ray Jpectrometer at
the Jniversity of Jestern 9ntario.

The sample discs were prerared in the foldowingy

manner:

1) 2.5 g of rock powder were thorcughly mixed with
thrae to four drops of N-30-88 Mowial binding agent until
the colour was uniform.

(2) Using industrial grade boric acid backing, this

powder was pressed into a disc for one minute at 15 tons

per sg. in.
The 20 positions of the peaks and‘backgrounds

for the different trace elements and the count times on

the XRF are given in Table 1jJ. Samples were run with a

window setting of 150 LL, at 60 kV, and 45 MA (except Ba

PR E i L e g - A
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Table 18, Precision of A.A.S., Analysis
for Major Elemen's (n = 4)

Standard Sample G-2

. 5x100
Accepted” Value x o . X

59.11 68.50 .58 .35

~

15. 40 15.20 .25 ol

2.65 2.70 .02 .37
.76 .80 .05 5.25
.00 .10 .00

.20 .02 .48

.55 .02 A

.50 .50 .01 .00
.03 A .03 .00 .00

98.97 : 38.48

+ according to Flanagan (1970)




Table 13.

LElement

cr(P)
cr(B)
Ba(P)
Ba(B)
Ni(P)
Ni(B)
Nb(P)
W(B)
2r(P)
2r(B)
Y(P)
Y(B)
Sr(P)
Sr(B)
Rb(P)
Rb(B)

(P) - peak
(B) - background

<9

28.82
28.80
32.70
33,02
33.60
19.50
20.33
L1.80
42.40
4k 65
45.03
45.70
25.70
26.17
27.00

Time (sec) ]

20
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at 10 mA), mode/filter setting of X/0, using a LIF 200

crystal and a # target, Jamples and standard rock ;

samples were run four at a time, the count data being

automatically typed out on paper and punched on paper

tape by an on-line teletypewriter. Computer cards were

‘generated from the péper tape by remote terminal pro-

gramming of a Cyber 10 computer,

A program, "Tratlo", written by R.C.0. Gill

was used to process the count data. - The information re-

quired for the operation of tHe program is chemical

inter-

blank correction,

symbol, method, 20 positions,

ference correction, calibration slope factor, lower

limit of linear calibration and upper limit of linear

calibration {(Table 20). A cholce is made between using
[ §

net peak intensity (Ip - Ip in counts) or a net peak

dme e

counts divided by the background counts (Ip/Ib-1, a
The net peak intensity method was

dimensionless ratio).

A blank correction was obtained by

used for all elements.

runﬁing silica blank pellets and also from the calibration

A K=beta interference correction from

intercept position.

appropriate elements was obtained for Mo (.0975), Ba (.0035),
Nb (.0041), 2Zr (.O412), and Y (.1843) by running interference

standards and making appropriate calculations. It was

necessary to run the program twice for the set of data. In

the first run the program calculated the intensity

functions upon which the calibration is based,

o MEBE L ARG L RO e it . RN Skl - el L A



Table 20

Information punched on cards for trace clement caleulation by couputer program "Tratio"

'ZR, 38, R3 AND U IN DOLERITLS! Title Jdescribing sp=2cimens uander analysis-for
user raference

"RATIO' 30.¥5 32.v9 33.u»
-0.01 0,547 @“or each =lement the following are glven:
133.0 4.0 3000V 1. ‘hemical symbol
2. Method: !':CUNTs' for (F=4,
'RATIO' 34.85 35.8% 36.85% "{ATLO' for F/3-1
0,009 0.00 v
83.0 3.0 J00.v \a) Low 2C background position
\b) Peak 20 position :
36,85*% 17,726  O.uut ' «c) High 2C baczground positicn
-0,001 0.0C ‘
0,00356 3.0 6ALLC 4+, .a,; Jslank carrectlon (calibration int-rcept)
. h) I[nterfaorenc- correction (proportion of
k intensity of interfering eluement
which 15 to be subtracted from in-
50C.L tenstty of interfared element lin-)

3. .a, .allbratlon sloye= factor
p) Lowsr limit of lin-ar callbration
¢) Jpper llmit of linear calibration

{
\
\

Snaring of backgrouni position i rocogntaed by equallty of appro;riate 7alues,
In such a case, the count for this channel 1= read only once per 3p-=cimon,

If only one background réading s us-4, onter a zorc in place nf the »nuoition
not used. ) '
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cut.

roow Ctandaris

to glve a

1L ,xmunt

N 1
1,2.,3 nss pn Zgnition

o0z oa ignition was galculated by mea suring
a3 xnown azmount of powder into a porcelaln crucible,'
heating at 17500 © for two hours, 4eighing again and
sxprossing the difference in percent.

‘

'1'..2.%7 Qther analytical Frocedures

-~

analysls for S on the samples was made using
a Leco -nduction furnace analyser following the manual

instrictions and using between .1 and .5 g, depending

v
~

on 3 content.
o Feldspar, structural state was determined on
hand picked pegmatite feldspar following the method of

wright and Steward (1368), using two complete X-ray

.
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i Table 21 a
3 Standard Sample J6-1
'(—ém‘%)——'L—‘N -1 3
2 4
Element . Accepted Value x o gx 100 Range
X Low  High ~
" Zr — 133 3 2.3 130 141
' sr 183 ’ 261 5 1.9 255 273
N Rb 186 198 3 1.5 195 - 206
g Zn 36 26 8 30.8 21 49 :
a Cu 7 2 28.6 4 11 &
Ba 450 397 16 4.0 386 452 !
. Mo _— - 14 3 L 21.4 3 17
»5 Nb ' —_— 18 2 11.1 16 21
' Pb . 24 37 3 8.1 33 43
I - ’
“ S N1 12 3 25.0 8 19
. Y — 43 11 25.6 L 49
Cr 54 3 5.0 5 60
Ti . 1690 1927 L83 25.1 1812 2082
g = standard deviation @ x 100 = coefficient of variation
3 X = me&n - X _ | .
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Table 21 b ~

Standard Sample BCR - 1
N = 17

Element

2r

Sr
Rb

?n
Cu,
Ba
Mo

Nb
Pb

Ni
Y

Cr
Ti




tandard ngn%g JB - 1
N = 25

Element Accepted Value

ir
Sr Lig
Rb 6l
2n - 83
Cu
Ba

Mo ———

Nb

Pb , | 13
N | 139
Y ' -

Cr

T4




iiffraction scans. Polytypes of molybdenits were -determined
vy £L-ray diffraction employing the method described by
frondel and Jickman” (1270).

1.2.9 Estimation of Mode

Modal analyses were carried out by two methods.
The first was by point counting greater than 1500 points
oA thin s=ctions which had been stalned for £-feldspar.
The second nethod was the K-ray diffraction method
is:crioved by 3radshaw \1)63).which employs the 1ntensity
of quartz 100, orthoclase 501, 2@5, and 111, and micro-
cline 111 pgaks to determine the K-feldspar, olligoclase
and quartz percentages of granites. Three separately
prepared powder mounts were run for 2ach sample and the

results averaged,

a nurber of samples were run by both these

methods, the results belng closely comparable (Fig. 37).

1.3 Statistical Procedures and Methods of Data Fresentation

Upon completion of- the analytidal work, the major

and trace element results. were punched on computer cards
according to the format in Fig. 38. aarih molecular norms
and correlation matrices were calculated using computer
prograns prepared by Dr. R.5. Zawthorne. Statistical
treatment and plotting of variation diagrams for the
geochemical data were pértormed using a Hewlett-Packard

Model 20 desk computer-plotter with card-reader.
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Figure 37, Comparison of modes by XRD and point counting methods
and norms; results from the same sample joined by tie
lines, :
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Hepresentative modal and corresponding normative analysis

Ackley Batholith Alaskitic Phase

Sample No. CD—22Q CD-335 - CD-340 CD-347 CD~-349
Modes (Vol. %) .

Gtz. 36.2 40, 49.3 : 34,
K-feld. 37.0 43,7 26.7 . Lb.
Plag. 25.6 14, 17.8 .8 17.
Biot. . 1.2 1. 5.3 . - 1.
Op. ' . .2 . .2
Others .6 .2 : 1.0

‘Barth (1961) Mesonorm
(Wt. %)

Q 40.41

or 31.30
Ab - 24.95

An _—

e - 1.53
1.78

.02

.12




Motu Showing

Rock Type Alaskite Mg. Granite Porphyritic Aplite

Sample(No ) JW=75-G4 JW-96 JW-93 JW-97 JW-98
Modes (Vol % : ~ :
(Point Countis) e

Qtz. . 37.4 . 42,0 31.0 32.0
K-feld , . 22.5 27.2 36.6 39.6
Pleg. ‘ - 36.5 29.6 - 31.4 27.6
Biot. : . 3.6 1.3 . .1
Op. . —_ : — —_
Others o — —
Mode (Vol %)
~ (XRD)
Qtz.
K-feld.
Plag.

 Barth (1961) Mesonorm

(wt. %)

Q

Or

Ab

An

C

Mg Biot

Fe Biot

Sp




>

Mylis Hill Showing Belle Islend
showing

Rock Type Alaskite Mg, Porphyritic Cranite FE. Granite Quartz Aplite Porphyritic Aplite
Sample No. 69-9-309 69-11-506 69-7-290 JW-210 Jw-7
Modes (Vol, %) - '

Qtz, 3.3 41.9 35,4 - 57.8
K-feld 36.5 34.2 32.2 27.8
Plag. © 22,9 20.5 31,9 18.1
Biot. 1.0 2.7 .5 : —_
op. 1.0 6 J— S
Othera .2 o1 : —— —

Barth (1561) Mesocnorm

(wt. %) _
4] 34.84
or 28,72

Ab 29.99
An 4.58
c .00
Mg Biot . .00
. Fe Biot .00
Sp . : 45




Dunphey Brook - Crows Cliff Showing

Rock Type Alaskite Porphyritic Fg Granite Aplite

Sample No. ’ JW-109 JW-107a JW-123 JW-115
Modes (Vol. %)

(Point Counting)

Qtz.
X-feld.
. Plag.
Biot.
Op.
Others
Mode (Vol.%)
(XRD)
sz.
K-feld.
Plag.

Barth (1961) Mesonorms

(wt. %)
9 .

Or
Ab
An
C




Ackley City Showing

Rock Type - Alaskite

Mg. Granite

Ablite

Sample No. -
Modes (Vol. %)

Qtz.
K-feld.
Plag.

- Biot.

Fl.

M082

Others

Mode (Vol.%)

(XRD)

Qtz.

K-feld

Plag.

Barth (1961) Mesonorms

(wt. %)
Q

. Or

Ab
An
C

Sp

ACD-22 JW-239

32.1
36.3
30.8

Minerali;ed Mg. Granite

ACC-29

1.8

4204

35.8
1.6
13,7

L.7

ACD-43

31.




Wylie Hill Showing
Rocg Type Porphyritic Aplite Granophyre Aplite

Sample No. 69-8-171 69=-2-117 69-2-139 Jw-211
Modes (Vol.%)

otz. 35.8 . ' 37. 40.9
K-feld. 38.9 . 32. 29.6
Plag. 24.9 . . 29.3
Biot. . . . _—
Op. ' —
Others —_—

e R b S

,.
U
4
o
1




Modal Agalysis>of Samples by XRD
Alaskitic Granlte (near SNoOwings)

Sample No JW-140 JW-143 JW-147  JW-152
Qtz. 35.8 L0.5 38.6 - 42.5

Plag. 28.5 25.8 27.4 24.6
K-feld. 35,7 33,7 34,0 32.9

.
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4
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N

Sample No ' JW-224 JW-225  JW-227
Qtz. 37.5 L2.5 42,00
Plag. 27.6 24,6 25.0
K-feld. 34,9 - 32.8 33.0

#1
R
3
~

g
Ly

o L

Lo FY
B o L

Location Motu Wylie Hill

Rock Type Mg. Granite Mg. Granite  Aplite Fg. Porphyritic Granite
Sample No. JW-99 JW-200 JW-202 JW-203 JW-204 JW-206
atz. 40.8 36.3 42.5 40.5 42.4 44,4
Plag. 25.4 ' 30.0 24.7 26.0 24.4 24.0
K-feld. 33.8 33.7 - 32.8 33.5 33.2 33.9




g L A Yy - N N 4. - .
‘s"m«u‘ el S B L Voe i R v A *

? g RGN " b
E ' s
\
Location ‘ Dunphey Brook-Crows Cliff Showing
i Rock Type Porphyritic Granite Aplite N
: Sample No. JW-110 JW-112 JW-111  JW-113  JW-117  JW-122
‘. Qtz. 42.0 42.5 L1.8 31.0 42,7 41.8
‘N Plag.  24.7 24.5. 25.2 J0.0 23.9 24.9 :
' K-feld. 33.3 33,0 33,0 38.4 334 33,2
. ) o ;
2 Ackley City Showing-Aplite :;
B Sample No. JwW-238 JW=-241 ACD-6a ACD=-21 . 3
) Qtz.. 46.0  441.9 40.0 32.6 !
\ Plag. 20.8 24,2 25.2 30.1 | !
, K-feld. 33.2. 33.8 3.7 37.3 :
; - S i
: 3
Location - ° Frank's Pond Showing Belle Island Showing ' \ é
Rock Type Mg. Granite Porphyritic Granite Aplite Porphyritic Granite *i'
Sample No.  JW-125 JW-126 IW-8 JW-6  JW-90 .
Qtz. 38.6 - 41,2 38.5 41.8 . 39.2
Plag. 27.4 25.7 27.7 25.1 26.8
 K-feld. 34,1 - 33.0 33.8 33.0 34.0
3 ] -

4
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LOI = loss on ignition

Q = quartz
AB = albite
AN = anorthite
COR = corundum

MG BI = Mg biotite

FE BI = Fe biotite
SPH = sphene

D1 = diopside

W0 = wollastonite
ACT = actinolite
RIEB = riebeckite

FG = fine grained
MG = medium grained
€6 = coarse grained
MED = medium

0K = dark

LT = light

Abbreviations

PK = pink

EQ = equigranular
PORP = porphyritic -
MIOR = miorolitic
DISS = disseminated
SEG = segregation
PERV = pervaissive
MINER = mineralized
ALTER = alteration
ROS = rosettes

PEG = pegmatite .

CHL = chlorik

MUSC = muscovite
MAG = magnetite -
F = feldspar
PY = pyrite
K-F = K-feldspar
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