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ABSTRACT

A numbef of molybdenum-bearing granitic stocks, referred to as the
Alice Arm intrusions, are emplaced in sedimentary rocks marginal to the cast
contact of-the Coast Plutonic Conmplex between Stewart and Terrace. Several
deposits are known 1n the vicinity of Alice Arm, of which the most important
is Lime Creek. .

The Alice Arm intrusions occur as small stocks of quartz monzonite
porphyry, most of wﬁich exhibit the features of multiple intrusion. All plutons
are cut by lampropﬁyre dykes of po#t-mincral age. Sedimentary rocks aﬁjacent to
stock contacts are tﬁermally metamorphosed to biotite hornfeis.

Several stages sf molybdenite mineralization are contained in quartz
veinlet stockworks best developed near stock contagts. Late stage polymetallic
veins are known at most deposits.

Geochemical investigations of the Lime Creek deposit show that
distribution patterns for alteration minerals and geochemical elements define
the main geological events inasmuch as some elements correlate with original
unaltered rock while others are related to contact metasomatism or stages of

hydrothermal alteraticn and mineralizaticn.
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K-Ar ages iﬁdicaté that the age of intrusion and mineralization

are nearly .synchronous at about 53 m y.

* . INTRODUCTIOX

A number of porphyry molybdenum deposits and prospects occur along

the eastern nargin of .the Coast Plutonic Complex between Stewart and Terrace

“in northwestern.British Columbia (Figure 1). The greatest clustering of these

deposits is in the vicinitj of Alice Arm,. at the head of an inlet of the same
nane 160 km noxrth of Prince Rupert. To date, the most significant of

these deposits isvthe former producing mine, British Columbia Molybdenumn,

" situated on Linme Creek 6.5 km south of Alice Arm (Figure 1).

This paper is divided into two parts: the first part describes the

general geological setting of the molybdenum deposits while the second part is

’devoted to a more' tensive description of cach deposit, and in partlcular the

HISTORY
Holyﬁdenite ﬁineralizdtion in the Alice Arm area was first recognized
durinﬁ carly nrospecting for silver-bearing veins. Part of the Lime Creck

deposit was first staked in 1911 by W. McLean but the main feature of interest

_at that time was a narrow silver-lead-zinc vein later determined to be peripheral

to the.moiyﬁdeﬁite depbsit.
. Thc first molyodenite production in the area was from the Tidewater

deposit in 1916 (Figure 1) where 345 tomnes averaging 1.60 percent molybdenite was

‘mined from quartz veins in sedimentary rocks just south of -a small granitic stock.
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Intensive exploration for molybdenite deposits took place in the late
1950’s.when Kennco Explorations, (Wéstern) Limited did limited work on the
Roundy Creek and Tidewater properties and, in 1952,’acquired‘an option on claims
at Lime Creek from Gunn Fiva of Alice Arm. Diamond drilling was carried out from
1959 to 1963 when British Columbia Molybdenum Limited, a wholly owned subsidiary,
was incorporated. A decisién-to put the property into production-was made in
late 1964. Mining and milling operations began in 1967 and were suspended in
August 1972 due to weak molybdenum markets. Production totalled 10,400 tonnes
of molybdenum. Remaining reserves are estimated to be in the order of 36 million
tonnes of slightly less than 0.20 percent molybdenite.

Climax Molybdenum Corporation of British Columbia, Limited acquired

- the property in 1973 and has been conducting geological and feasibility studies

since that time.

Exploration in the area for similar deposits during the 1960°s

-resulted in the discovery of several good prospects including the Ajax, Bell

Molybdenum,.'and -Roundy Creek properties in the immediate Alice Arm area and
a number of other prospects such as the THM, Hoan Creek, and those south of

the Nass River (Figure 1).

GEOLOGICAL SETTING

Molybdenum-bearing granitic stocks, referred to collectively as the
Alice Arm intrusions (Carter, 1974), oécur near the weséern edge of the Bowser
successor basin and mgrginal to the Coast Plutonic Complex (Figure 1). The Alice
Arm intrusions occur In the form of small stocks, generally not exceéding 0.8
kﬁ in'&iamefer. Poréhyritic quartz monzoﬁite is tﬁe dominant rock type; and

this distinguishes the molybdenum-bearing stocks from equigranular satellitic
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stocks related to the Coast Plutonic Complex. While molybdenum-bearing stocks:
ggperally intrude Bowéer aésemblage‘silts;ones, greywackes, and shales of Late
Jurassic age, some do occur Qiphin the Coast Plutonic Complex. Lxamples of
thesé are Molly Mack and Penny Creek prOSpgcts.

Evidence for botﬁ forceful and passive emplacement of the intrusions
is well documented. In the Alice Arm area, sedimentary rocks have been arched
and domed around the stocks. Elsewhere, little disturbance of the country rock
1s seen énd the elongaté nature of some of tﬁe intrusions indicates that they
probably were emplaced along major fault zones.

South of Alice Arm, several molybdenum-bearing étocks are clustered
near‘remnants of flat-lying Quaternary basalt which probably overlie their
feeders. In the Nass River area, small stocks occur south and west of the Recent
""lava flow. |

Many of the stocks apparently have been localized at or near inter-
sections of east-northeast and north-northwest faults (Seraphim, et al., this
' volgmg)..Severa;.of the sto;ks'(Bell Molybdenum, Roundy Creek, Kay) in the
AlicéuArm to'Nass.River area are élongated in an east-northeast direction which
may also represent some control by faults or by the attitude of the sedimentary
rocks., Also, a crude east-northeast distribution of the stocks i; evident in the
cluster south of Alice Arm and south of the Nass River (Figure 1). Some stock
contacts are rectilinear in plan, again reflgcting the dominant fault and fractufe
patterns. A good example of this is seen at the Ajax molybdenum deposit northeast

of Alice Arm'(Figure'Z).

COMPARATIVE GEOLOGY OF TIE MOLYBDENUM DEPOSITS
Molybdenum deposits are assoclated with the Alice Arm intrusions, which

usually occur as small oval or elongate stocks. Some intrusions, most notably
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those at Roundy Creek and Tidewater near Alice Arm, are sheet or sili-like

in form and are related to small feeder pipes. Intrusions at Alder Creek, near

Laﬁa,Lake'(Figurevl) and Molybdenum Creelk, north of Terrace, are northwest-striking

dyke swarms intruding sedimentary rocks. Major geologic features of four deposits

. are illustrated on Figure 2.

Quarfz moﬁzonite‘porphyry is the prevalent host rock:at'most deposits.
Phenocrysts range in‘sizg~from 2mm to 1 em and include, in
decreasing order of ;bundance, euhedral plagioclase,AK-feldSpar, and both
euhedral and anhedral quartz eyes. Quartz monzonite porphyry is characteristically.
mesocratic with both biotite and hornblende as primary mafic minerals. Leucocratic
quartz feldspar porphyry phases of_qua:t; monzonite to granite composition also

are prominent at most of the deposits and at some they constitute the bulk of

~ the intrusive rocks. Muscovite i1s the mica mineral of this phase.

Some intrusions are zoned, most notably the intrusion that is host to

-the Lime Creek deposit. Here, a core of quartz monzonite porphyry is bordered by

5?fgmbpgﬁb;siCtgfgngq;opiﬁgﬂgnd;quartz.digripej:which may be - in part older than the

'quaftz monzonite phase. ' ) -

Most molybdenum-bearing_stocks exhibit several stages of intrusion.
The. first stage forms the bulk of the stock and is represented by quartz monzonite
and/or quartz feldspar porphyry and lesser quartz diorite such as Lime Creek.

This'main phaée ﬁay be intruded'by fine-érained, equigranular alaskite that

.consists essentially of quartz, K-feldspar, and myrmekite. Alaskites, which are

" very common-atFthe'LiﬁefoeekVand Roundy Creek properties (Figure 2), occur as

dykes and irregular masses and are host to better grades of disseminated and

1éhs}iiké molybdcﬁite'mineralizatioh..

Other inter-mineral intrusions include dykeé and irregular leuses of

intrusive breccia, best developed along the northern stock contact at the Lime



T et

N
O C
. _ 46-6
Creek deposit (Figure 2). Angular fragments 1 to 2 ¢m in size, of both
intrusive and country rock are contained in a granulated matrix of quartz,
plagioclase, and K-feldSpar.

. Several deposits feature intrusive phases that are very late in the

. intrusive-mineralization,sequence. These .also are quartz monzonite in composition.

. Examples include an unexposed plug at Lime-Creek,fthe-southwest portion of the

Bell Molybdenum stock (Figure 2), and post-mineral dykes at some of the Nass River

deposits (Figure 1).

Post-mineral lamprophyric and basalt dykes cut virtually all of the

. molybdenum-bearing stocks. These usually strike northeasterly, dip vertically,

. and truncate all pre-existing.rocks and structures, including mineralized fractures.

Northwesterly striking faults that are younger than the plutons and

- lamprophyric dykes are found at Bell Molybdenum, Roundy Creek, and Nass River

deposits.

‘Sedimentary rocks adjacent to the Alice Arm intrusions have been

:}“;thermally metamorphosed to- biotite hornfels 4in -an aureole ‘'which may extend

outward from the stock contact for 100 to 150 m. Biotite hornfels is a
brown, indurated, fine grained rock with-a granoblastic texture that consists
of quartz, minor feldspar, and abundant felted, brown biotite. Some cordierite
and andalusite are developed in the hornfels adjacent to intrusive contacts.

| Alteration patterns within and marginal to the molybdenum-bearinw

stocks are similar to other porphyry deposits. At many of the deposits, a central

" zone of potassic‘alteration is partially coincident with nolybdenite mineralization.

At Lime Creck the most intense potassic alteration occurs in a circular zone in the

northern part of the stocL (Figure 2). Rock within this core of intense alteration

1s laced with barren quartz veinlets rimmed by secondary K-feldspar, such that the
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original quartz monzonite porxphyry has been converted to a rock consisting

mainly of quartz.and K-feldspar. In the outer part of this alteration zone is

an anhular zone of molybdenite mineralization where secondary K-feldspar is

restricted to the margins of quartz-molybdenite veiniets. Other deposits also

‘feature secondary K-feldspar but not to the same degree as at Lime Creek.

Secondary bilotite, an slteration of primary hormblende, is present to a
iimited degree in several of the deposits. At Lime Creek, this alteration

of hornblende, particularly in the quartz diorite, may be in part deuteric.
At Roundy Creek, the potassic alteration zone contains quartz-muscovite veins.

The potassic zone at most deposits is gradational outward to a phyllic

' -(quartz-~sericite-pyrite) zone. Where coincident with the msrgins of the plutons
‘it is soperimposed on the effects of thermal metamorphism. This zone is

" represented at many deposits by a bleaching of the biotite hornfels to a cream -

or light green colour marginal to fractures and quartz veinlets and is due to the

:deveIOpment of very fine-orained quartz, sericite, and some epidote. This type of

“":alteration nay be: weaLly developed ‘as at many of the deposits, or so intense that

the original biotite hornfels has been largely transformed to a buff or light .
green-coloured rock within a zone several tens of metres outward from the stock

contact, as at the Lime Creek and Ajax deposits. Pyrite is a common constituent

. in. this alteration, zone, occurring both in quartz veinlets and as disseminations.

The intensity of pyritization may be related in part to thermal metamorphism,

,'which involves formation of pyrite and pyrrhotite in the hornfels.

Better grades of molybdenite nineralization in the Alice Arm intrusions

- are. dependent on structural.and. lithologic controls. Fracturing and attendant

quartz-molybdenite veining are best developed near stock contacts. Later alaskite

. intrusive phases may contain disseminated to nearly massive molybdenite. The

ore zone at Lime Creek is annular or ring-shaped in plan, occurring in the

»
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northern half of the stock (Figure 2) with molybdenite occurring as selvages in
a network of ea;t-northeast and westrnorthwcét.quarte veinlets. A similar style
of mineralization occurs at most of the other deposits. |

Disseminated molybdenite is contained in the alaskite intrusive phase
at the Lime Creek deposit.. At Roundy'Creek,‘the‘alaskite contains nearly massive
lenses, pods, and parallel bands of molybdenite and ﬁuch of this is in the form
of feather-like intergrowths with the feldspar. Disseminated rosettes of
molybdenite occur in 1eucoeratic quartz-feldspar porphyry phases at the Tidewater
and Kay properties.

Most of the-deposits exhibit several staées of quartz-molybdenite,
pyrite, and quartz-pyrite veining. Virtually all of the Alice Arm molybdenite
deposits feature late-stage polymetallic quartz-carbonate veins which contain
pyrite, galeoa, sphalerite, tetrahedrite, chalcopyrite, minor molybdenite, and
at Lime Creek, four silverelead-bismuth sulphosalts.

Pyrite halos may extend outward from the molybdenite zone for 150 o

to 300 m. Where eyposed, the pyrite zone is. weathered to a: prominent gossan, .

particularly at the Ajax-and Snafu properties.
Two molybdenite deposits are known to occur within granite rocks of
the Coast Plutonic Comp ¢x. These are the Molly Mack prospect near Anyox and
the Penny Creek showiog south of Alice Arm (Figure' 1) . At the Holly MaekAproperty,

coarse-grained molybdenite is abundantly disseminated in a small zone of biotite -

- granite contained within a stock like body of leucocratic quartz monzonite

-

porphyry which is similar in appearance to some phases of the Alice Arm intrusions.
The Penny Creek occurrence consists of rosettes of molybdenite in a biotitev
quartz monzonite, a late phase of the Coast-Plutonic Complex.

Numerous showings of molybdenite occur near the eastern margin of the
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DETAILED GEOLOGY AND STYLE OT MIWERALIZATIOW

Bricf descriptions of four porphyry molybdenum deposits in the immcdiate
Alice Arm area are'contained in -this section. The Lime Creek deposit is discussed

- in more detail,=with‘particu1ar reference to rodk geochemistry.

Tidewatef
The TidewatgrAdeposit.is situated 1.6 km north and 6.4 km west of the

_head of Alice Arm Inlet (Figure 1) (Lat. 55° 28‘) Long. 129° 32‘,Nfs 103P/5E,E1. 450 m).
‘ Limited underground mining between 1916 and 1931 resulted in the recovery of 5,920 kg
of molybdenite from norﬁheasterly striking quartz veins in sedimentary rocks some
274 m south of a small (610‘by 460 m) stock of quartz monzonite porphyry.

. Exploration'work in the 1960°s included 550 m of underground diamond
' d;iliing aﬁd 290fm of'drilliﬁg iﬁ the quartz monzonite porphyry stock. The
latter work indicated sporaaic-molybdenite mineralization near the south contact

of the stock in 1 cm wide quartz veinlets. that occur in both hornfelsed sedimentary

'5§t1r¢¢k§~and:quart;_gonzbniteﬁporphyty...

Bell Molybdenum
" The Bell Molybdenum property is situated 10 km southeast of Alice Arm

(Figure 1) (Lat. 55° 27°) Long. 129° 20° NIS 103P/6W E1. 670 m). Discovered in
'1965 by Mastodoh‘Highland Bell Mines Limited, the ‘property was tested by 5,465 m
of ‘diamond drilling in 1966 and 1967, which indicated 32.2 million tonnes having
ﬂan'average'grade of 0.11 percent molybdenité. ‘ | o

| Molybdenite mineralization is associated with an elliptical stock of
) quéffz'ménzonité.ﬁorphyfy,'élonééée in an east-northeast direction and meaéuring
670 by 335 m. The stock intrudes a sequence of dark gréy to black siltstones
Aand greywvackes which -are thermally metamorphosed to biotite hornfels a distance

of 365 to 460 m outward from the stock contact.
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Tungsten mineralization, in the form of scheelite, was accompanied by some
pyrrhdfite. This relativeiy late introduction of pyrrhotite accounts for some
of the erratic pyrrhotite values appearing within the stock (Figure 4). |
Tungsten does nét form a good halo to the molybdenite mineralizationm.
It occurs throughout the Lime Creek stock and the -adjacent hornfels in a fairly

erratic pattern (Figure 3).

Polymetallic Veins
The late polymetallic quartz veins occur within the area of anomalous
molybdenun but they are not concentric to the main stage of hydrothermal
alteration and mineralization. The pattern for lead (Figure 8) reflects the erratic
nature of its distribution. Closer sample spacing would probably make the erratic
Anature of the pattern even more evident. Patterns for silver, bismuth, gallium, antimony

zinec, and cadmium are very similar to the lead pattern.

K~Ar AGE DETERMIIATIONS
Potassium-argon ages obtained from samples collected in the Alice Arm-
Nass River area are shown on Figures 1 and 2. Analytical data for these and other
samples are contained.in a preceding paper (Christopher and Carter) in this volume.
Most samples were collected to date the age of intrﬁsion and mineralization.
Sevefa1, however; were collected to date other geologic units and to assess their
relationship to the molybdenum deposits. These include éamples collected from the
-Coast Plutonic Complex and from the basalt outliers south of Alice Arm, Witﬁ the
exception of whole rock'samples of biotite hornfels and basalt, all analyses were
ééfried‘out ;n biotife separates.

Samples for dating were collected from molybdenun-bearing quartz

monzonite porphyries and related intrusive phases at six of the deposits.
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Potassium-argon results from the main mineralized phase at thése deposits fall
within thé-range of 52.0i3 my to 53.3+3 m y (Figures 1 and 2). Quartz diorite-
border phases at British Coiumbia Molybdenum and Bell Molybdenum are 51.4+%1.5 m y
and 51.742.2 m y respectively, both within the limits‘of'analytical error for the
main quartz monzonite phase. |

Late intrusive phases, which éxhibit definite cfosscuttiﬁg relaéiénshipé.
with the first phﬁse, were sampled at British Columbia Molybdenum. A dyke of
intrusive breccié near the northern contact of the stﬁck has an age of 53.6+1.7 m y,
almost identical to the age obtained from the geologically older quartz monzonite
porphyry phase (53.243 m y). An age of 48.3#1.6 m y was obtained for a sample
of a later, nearly post-molybdenite phase of quartz monzonite occurring ét a depth
of 300 m below the exposed northeast part of the stock. This age deternination
corroborates the geological ev1dence that this is a younver porphyry vhase which
post-dates the nmain period of mqubdenite mineralization and provides an upper limit
for the age of molybdenite minerélization. A similar post-mineral iorphyry dyke that
cuts . the quartz monzonite porphyrj host rocL at one, of the Vass River- deposxts
(Figure 2) yields a potassium-argon age of 49.042 m y. T

A vhole rock sample of biotite hornfels from outside the mineralized
zone at Bell Molybdenurm vas dated at 438. 7iﬂ;5 m y. Although such a sample
should reflect the age of intrusion, the somewhat younger age could be ex plained
by partial argon loss inherent in a whole fock sémple. |

Two molybdenun deposits returned somewhat anomalous ages. The 43.3+1.9
my age determineé.for the~ﬁoily.Mack occurrence souéh‘of Anyox'(?igure‘1) Qight be
xplained by partial resettin" of a slightly older age by the cmplacement of the
adJacent Coast Plutonic Conplex granitic rOCLo. The 36 1+1 6ny age for the
Penny Creek occurrence southwest of Alice Arm (Figure 1) possibly could be due to

a complete resetting of the original age by a younger lamprophyre dyke although
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none was seecn during field cxaminatinn. llovever, it should be noted that similar
Oligotene ages for granitic rocks have becen reported ‘in the Prince Willian Snund
area of southern Alaska by Lanphere (1966) and on Vancouver Island_by Carson (1969).
Potassium-argon‘results obtained from prévious and‘contemporar§ studieé
in the Alice Arm area are in ‘good agreement with those reported hcre. |
Woodcock, et al. (1966) reported. a potassium- argon age of 53.3 my for :
a sample collected near the south contact of the British Columbia Molybdenum
stock. Later work on the same deposit in 1971 by.D. L; Giles, formerly of the
Geologlcal Research and Labqtatory Division of Kennecott Copper Corporation
(Giles and Livingstone, 1975), indicated an age of 53.7 m y for secondary biotite
from the alaskite phase. | |
Giles and Livingstone (1975) also reported an age of 63.2 m y for a
biotitc from fresh intrnsive rock in a'drill hole‘at a dentn of 730 m beiow
the open pit; Thit age is inttrpreted to represent the age of intrusion of the

main granodiorite to quartz monzonite phase. This result is at variance with the

interpretation of résnlts‘desc:ibéd‘hete,.whete biotite‘ﬁbtnﬁeISusamnies which: ... .~

'could be expected to reflect the age of initial intrusion, returned ages in the
50my rangt. Giles?® sample could have returned an anomalous age due to
atcumulation of excess: »r~on.

Potassium-argnn ages for four samples collected from granitic rocks of
the Coast Plutonic Complex between Alice Arm énd Lava Lnke (Figute'15 range fronm
48.8+1.5 to 50.7:2.1 m y. These are in agrcement with ages obtained by the
Geolonical Surveyiof'Canadn'in‘the.same area and arcisomewhat youngéf thnn thé
mean age of 53 m y determined for the molybdenum-bearinn porphyry stocks.

Although within the 1imit° of analytical error,.these consistently younoet.ageal |

found along the eastern margin of the Coast Plutonic Complexz over a relatively

large geographic area (Figure 1) suggest that the molybdenum-bearing stocks were
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intruded a mcosurable amount of tiﬁe-prior to the cmplaccment of the Coast éranitic
plutons. | | | |

Prior to potasssium~argon work, the flat-iying.basalts south‘of Ali;d‘.
Arm were regarded as being of Early to Middle Tertiary nget A_sample‘collected
from north of the Bell Molybdenunm stock has an ege'ofAO.GZiO.G n} yf‘which_is an
average of three determinations. A simiian semple.from a oasalt remnant east ofi'
Lime Creek has .an age of 1.640.83 m y. This apperent disparity. in age can'be
attributed to a lower level of accuracy in the conventional potassium-argon

method in this geologically young age range.

SYNTHESIS

Holybdenite deposits in the Alice Arm area are benetically related to
small intrusions of quartz monzonite composition.

These intrusions, known collectively as the Alice Arm intrusions, are
clustered near the east flank of the Coast Plutonic Complex, although potassium=~

argon ages suggest- that the stocks.vere emplaced e'few.niilion yearsiprior.to,tbeg,;;,“

intrusion of the Coast Plutonic Complex.i
The Alice Arm‘intrusions were probably localized by deep-seated faults and
fracture systems (Seraphi~ and Hollister, this volume). Supporting this concept are
initial strontium isotope ratios (Giles and Livingstone, 1975) which indicate that
the igneous rocLs and mineralization wvere derived from mantle naterial w1th only
minor crustal contamination.
The distribution'of Quaternary and Recent'oasalts'southvof'Alice Arm‘
and Nass River suggests that they may have been 1ocalized by the same re"enerated
fault and fracture systens. The 1ncidencc of ,oun" volcanic activity neqrbyl

molybdenite deposits is not uncommon in the Canadian Cordillera.
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The age of;gbiybdenitc mineralization is virtually congruent with the
ﬁge of intrusion as determined by radiometric (Ii-Ar) methods. The mineralizing
intrusive phase'are‘the alaskites, a feature particularly evident at the Lime
Creek and ﬁoundy Creek. deposits. Intense fracturing attendant with intrusion
-of the:stocks has resulted: in most of the econonmic and'Sub-economic molybdenite

miheralization occurring in the contact areas of the stocks.
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