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ABSTRACT

Mid-Cretaceous plutons in the McQuesten River region intrude Upper Proterozoic to Mississippian
miogeoclinal metasedimentary rocks of Selwyn Basin. They form a belt trending east from the Tintina
Trench which can be roughly subdivided into two parallel belts. Plutonic rocks fall into three main groups:
{1) biotite-muscovite (two-mica) granite in the southermmost belt which follows the trend of the McQuesten
Anticline; (2) biotite-hornblende quartz monzonite, granite and granodiorite in the northern belt which
Jollows the thrust faulted contact of the Hyland Group (Grit Unit) with the Road River Formation, and (3)
hornblende-biotite syenite and associated quartz syenite, quartz monzonite, granite and tourmaline-orbicular
granite along the north edge of the northern belt.

Tin-silver breccias veins and skarns are spatially associated with the two-mica granites, while tungsten-
gold skarns and sheeted veins are associated with biotite-hornblende granite, quartz monzonite and
granodiorite. The concentrically zoned syenite intrusion in the northern belt (ZETA) includes ail the
plutonic phases (two-mica granite, biotite-hornblende granitoids, and hornblende-biotite syenitoids), and
links them cogenetically through the fractional crystallization process. The ZETA tin-silver veins (MINFILE
115P 047) are associated with the tourmaline orbicular granite, which is the most evolved phase of the
concentrically zoned ZETA syenite intrusion, ]

Petrologic and geochemical variation between the three main rock groups is consistent with plutonic
rocks of the belt being cogenetic, the two-mica granite being the most evolved phase. Trace and rare earth
element variations further suggest that the entire McQuesten plutonic suite formed from melted sedimentary
rocks, and that fractionation accounts for the evolution of the individual rock types and their associated
mineral deposits.

Plutons in the McQuesten region resemble those of the Selwyn and Tombstone Plutonic Suites. They
are post- to syntectonic, roughly circular in shape, and intrude miogeoclinal metasedimentary rocks of
ancient North America. They show a concentric zonation and are surrounded by contact aureoles. The
intrusive suite is bimodal, with a southern belt consisting of evolved two-mica granites and a northern belt
consisting of less evolved biotite-hornblende granites. Lavas associated with the plutons are believed to
be coeval. )

The two main igneous types in each belt have been compared in detail. Both types are petrographically
similar in that they contain quartz, plagioclase, K feldspar, microperthitic orthoclase and a range of
accessory minerals including apatite, zircon, allanite, titanite and tourmaline.

Distinguishing features typical of the two-mica granites include their more quartz-rich nature, a more
restricted potassium feldspar to plagioclase ratio, and a more common niyrmekitic texture. Minerals in the
two-mica granite generally have a more subhedral form and the biotite shows reddish brown pleochroism.
The biotite-hornblende granitoids are distinguished by accessory dark green to brown pleochroic hornblende
and dark brown pleochroic clinopyroxene. The biotite has chocolate brown pleochroism and an unusually
large number of inclusions. The accessory minerals titanite, allanite and magnetite appear to be more
abundant in the biotite-hornblende rocks. Red-brown biotite, pale green hornblende and beige
clinopyroxene occur in the less abundant syenites, along with minor nepheline and enhanced amounts of
magnetite and titanite.

Chemically, the rocks are subalkaline (two-mica and biotite-hornblende rocks} to alkaline {syenite).
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The two-mica granites are characterized by normative corundum, higher alkalies and lower amounts of
iron, calcium and magnesium than the biotite-hornblende rocks. The biotite-hornblende granites are
distinguished by higher amounts of normative clinopyroxene, and the syenites by normative nepheline.
Na,0/K,0, Na,0/K,0/CaO and Rb/Ba/Sr ratios are similar to other S-type granites.

McQuesten region biotite-hornblende granodioriies are chemically distinguished from those of the
Selwyn and Tombstone Suites by their peraluminous composition, lower modal quariz content, and higher
iron to alkalies and magnesium ratios. Equivalent rocks of the Tombsione Plutonic Suite contain aegirine-
augite indicating an A-type origin. In the McQuesten region, tungsten is associated with the biotite-
hornblende rocks, whereas in the Selwyn area it is associated with two-mica granites.

RESUME

Des plutons du Crétacé moyen pénétrent, dans la région de la riviere McQuesten, les roches
sédimentaires métamorphisées miogéoclinales du bassin de Selwyn datant du Protérozoique supérieur au
Mississippien. lls forment une zone s'allongeant vers lest depuis le sillon de Tintina et qui peut
grossiérement étre subdivisée en dewx zones paralleles. Il existe trois grands groupes de roches * 1) granite
a biotite et muscovite (deux micas) dans la zone la plus méridionale qui suit U'orientation de Uanticlinal
de McQuesten, 2) monzonite quartzique a biotite et hornblende, granite et granodiorite dans la zone
septenirionale qui longe le contact par faille chevauchante enire le groupe de Hyland (unité de grit) et la
Sormation de Road River et 3) syénite & hornblende et biotite et syénite quartzique associée, monzonite
quartzigque, granite et granite orbiculaire & tourmaline le long de la bordure de la zone septentrionale.

Les veines de bréche et les skarns stanniféres et argentiféres sont spatialement associés aux granites
a deux micas alors que les skarns et les groupes de filons séparés de stériles renfermant du tungsiéne et
de 'or sont associés au granite & biotite et hornblende, i la monzonite quarizique et & la granodiorite.
L’intrusion de syénite a zonation concentrique de la zone septentrionale (ZETA) englobe toutes les phases
plutoniques (granite & deux micas, granitoides i biotite et hornblende et syénitoides & hornblende et biotite)
et les associe cogénétiquement les unes aux autres par le processus de la cristallisation fractionée. Les
veines stanniferes et argentiferes ZETA sont assocides au granite oprbiculaire & tourmaline qui constitue
la phase la plus évoluée de Uintrusion de syénite & zonation concentrique ZETA.

Les variations pétrologiques et géochimiques entre les trois groupes confirment le caractére cogénétique
des roches plutoniques de la zone, le granite & deux micas constituant la phase la plus évoluée. Les
variations de la composition en éléments & Uétat de traces et en terres rares suggérent de plus que tout
Vensemble de la zone plutonique de McQuesten s’est formé a partir de roches sédimentaires fondues et que
le fractionnement explique 1'évolution des types individuels de roches ainsi que les dépits de minéraux qui
leurs sont associés.

Les plutons de la région de McQuesten sont quelque peu similaires aux suites plutoniques de Selwyn
et de Tombstone. lis sont contemporains du tectonisme, ou postérieurs & ce dernier, de forme
approximativement circulaire et pénétrent les roches sédimentaires métamorphisées miogéoclinales de
Pancienne Amérigue du Nord. [l présentent une zonation concentrique et soni entourés d'auréoles de
contact. La suite intrusive est bimodale, comportant une zone méridionale qui consiste en granites a deux
micas évolués et une zone septentrionale qui consiste en granites a biotite et hornblende moins évolués.
Les laves assocides aux plutons seraient contemporaines. '

Les deux principaux types de roches ignées de chaque zone ont été comparés de maniére détaillée.
Les deux types somt pétrographiquement similaires du fait qu’ils renferment du quartz, du plagioclase, du
feldspath potassique, de Porthoclase microperthitique et une gamme de minéraux accessoires incluant
Vapatite, le zircon, Uallanite, la titanite et la tourmaline.

Parmi les caractéristiques distinctives typiques des granites a deux micas mentionnons leur teneur plus
élevée en guartz, un rapport feldspath potassique sur plagioclase moindre et une structure plus couramment
myrimékitique, Les minéraux dans le granite a deux micas présentent généralement une forme davantage
hypidiomorphe et la biotite présente un pléochroisme brun rougeditre. Les granitoides & biotite et
hornblende se distinguent par la présence de hornblende pléochroigue vert foncé & brune et de
clinopyroxéne pléochroique brun. La biotite présente un pléochroisme brun chocolat et un nombre
inhabituellement élevé d'inclusions. Les minéraux accessoires que sont la titanite, l'allanite et la magnétite
semblent plus abondants dans les roches a biotite et hornblende. Les syénites, qui constituent les membres
les moins abondanis de ces suites, renferment de la biotite rouge-brun, de la hornblende vert péle et du
clinopyroxéne beige. Parmi les minéraux accessoires mentionnons la néphéline, et des quantités accrues
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de magnetue et de titanite,

Chimiquement, les roches sont de subalcaimes (roches & deux micas et & biotite et homblende) a
alcalines (syénite). Les granites & deux micas sont caractérisés par la présence de corindon normatif, par
des alcalinités plus élevées et par des quantités moindres de fer, de calcium et de magnésium que celles
présentes dans les roches & biatite et hornblende. Les granites & biotite et hornblende se distinguent par
des quantités plus grandes de clinopyroxéne normatif et les syénites par la présence de néphéline normative.
Les rapports Na,0/K,0, Na,0/K,0/CaQ et Rb/Ba/Sr sont similaires & ceux des autres granites de rype S.

Les granodiorites & biotite et hornblende de la région de McQuesten se distinguent chimiquement de
celles des suites de Setwyn et de Tombstone par leur composition hyperalumineuse, leur teneur moindre
en quartz modal et leurs rapports fer sur métaux alcalins et magnésium plus élevés, Les roches
équivalentes de la suite plutonique de Tombstone renferment de l'augite aegyrinique, ce qui indique une
origine de type A. Dans la région de McQuesten, le tungsténe est associé aux roches & hornblende et
biotite alors que dans la région de Selwyn il est associé aux granites d deux micas.

INTRODUCTION

Felsic plutons form a 30 x 150 km belt that trends east
from Tintina Trench to Mayo Lake {30 km east of Keno Hill)
in central Yukon (Fig. 1). They are mid-Cretaceous and
intrude Upper Proterozoic to Mississippian metasedimentary
rocks of the North American miogeocline. These plutons
include over 20 stocks and plugs, and abundant dykes, many
with associated metallic mineral occurrences and deposits.
Keno and Galena Hill silver-lead-zinc veins have produced
over 6 400 tonnes {206 million ounces) of silver since 1913
{(Watson 1986), and are genetically related to the Mayo Lake
Batholith (distal; Lynch 1988). Pluton-proximal mineralization
includes the Ray Gulch skarn (MINFILE 106D 027) which has
probable and possible reserves of 5.4 million tonnes grading
0.82% WO, (Lennan 1986). In the McQuesten River region,
eleven plutons are directly associated with tin-tungsten-silver-
gold veins, breccias and/or skamns (Fig. 2; Emond and Lynch
1992; Emond 1986, 1985, 1983).

Mid-Cretaceous, felsic plutons in the northern Canadian
Cordillera post-tectonically intrude folded miogeoclinal
sedimentary rocks of the Foreland Fold and Thrust Belt (the
Omineca Crystalline Belt) and adjoining ductilely deformed
metasedimentary rocks of Yukon Tanana Terrane which
overlie the continental crust of ancestral North America.
Local studies by Anderson and others have resulted in the
naming of several plutonic suites based partly on geographic
location, and partly on intrusion characteristics (Fig. 1;
Woodsworth et al. 1989).

The McQuesten plutonic belt is part of the Selwyn
Plutonic Suite of eastern Yukon. In the southeast part of the
Selwyn Plutonic Suite (in the Selwyn Mountains), tungsten-
copper (zinc) skarn deposits are associated with peraluminous,
two-mica plutons (Anderson 1988). These deposits include
~ MacTung (MINFILE 1050 002), with defined geologic
reserves of 32 million tonnes grading 0.92% WO, (Atkinson
and Baker 1986); and the Cantung (NWT) deposit, which
produced nearly 39 000 tonnes WQ, to the end of 1982
(Sinclair 1986).

The Tombstone Plutonic Suite intrudes folded and thrusted
passive continental margin carbonate and clastic rocks
(Anderson 1988) in the Tombstone Mountains (Fig. 1). It

shows similarities to the Selwyn Plutonic Suite. However,
several Late Proterozoic periods of extension in this area
probably thinned the crust substantially {Thompson and
Eisbacher 1984), resulting in more alkalic compositions and
minor mafic phases, Vein, breccia, skarn, and disseminated
U-Th-Sb-W-Mo-8n-Ag-Au and base metal occurrences are
associated with these plutons. Plutons in the northwestern part
of the McQuesten River region were previously included in
the Tombstone Plutonic Suite.

Little information is available on the granites in the
Mayo-McQuesten area (Abercrombie 1990, Sinclair 1986,
Kuran 1982). This report provides descriptions of the
petrology and geochemistry of the McQuesten plutons, and
comparisons with the well-documented Selwyn and Tombstone
Suites. Additional information about mid-Cretaceous
plutonism in the northern Cordillera will assist in
interpretation of related mineral deposits.

GEOLOGIC SETTING

The McQuesten River region lies in Selwyn Basin, within
the Omineca Crystalline Belt of the Canadian Cordillera.
North American miogeoclinal rocks of the Late Proterozoic-
Early Cambrian Hyland Group (formerly known as the Grit
Unit) were thrust northward onto Ordovician to Silurian Road
River Formation and Mississippian Keno Hill Quartzite
{Wheeler and McFeely 1987, Eisbacher 1981, Bostock 1946
and 1964) during Late Triassic to Early Jurassic arc-continent
collision. Thrusting formed a prominent
east-northeast-striking cataclastic foliation, as well as the
McQuesten Anticline, the limbs of which dip north and south
at a shallow angle (Boyle 1965; Fig. 2).

Felsic intrusions were emplaced in the metasedimentary
rocks of the ancient continental margin’in the mid-Cretaceous
(83 to 108 Ma; biotite, K/Ar, Stevens et al. 1982) and coeval
lavas were extruded (85 Ma; whole rock, K/Ar, Hunt and
Roddick 1987; Fig. 2). Igneous rocks from the McQuesten
River region have high initial Sr isotope ratios (generally over
0.71; Abercrombie 1990; Sinclair 1986) indicating addition
of radiogenic Sr from sialic Precambrian crust,

- 169 -




TOMBSTONE
\
o
i g
9002?5"@ @ /
Q\\"‘; ,{ﬁ“\'& é
N b "f\\\'\—
) x< *@Q ¥
X)( NORTHWEST
* . \\ Z_\ TERRITORIES
X
i
ol N\ }
(=] X x
w0 °n o
SELWYN
\ bxi ))?( %(
0%6.__..%
YD \
X, i

BRITISH \
COLUMBIA

300 C= Plutons (undivided)
Two-mica granitoids

kilometres

(___‘) Mid-Cretaceous Plutonic Suites

o Tran_sif'ional (hornblende-) biotite
granitoids

X Small Pluton o= (Bioctite-) hornblende granitoids
lafter Woodsworth et al. 1989}
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1989).
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Field reiatidns and regional geology show that the plutons -

were emplaced at a high level in Precambrian to Paleozoic
sialic crust after a period of major deformation related to
arc-continent cotlision.  However, the coincidence of the suite
along the McQuesten Anticline may indicate that some crustal
warping was due to plutonism, and large batholiths may
underlie the area.

CHARACTERISTICS OF INTRUSIONS

Stocks and plugs in the McQuesten River region outline
two east-trending belts, a southern belt which follows the trend
of the McQuesten Anticline, and a northern belt which follows
the thrust faulted contact of the Hyland Group with the Road
River Formation (Fig. 2).

Many of the intrusions are circular to subcircular in plan,
and contacts with the surrounding metasedimentary rocks are
discordant. Mineral foliation in the intrusions is restricted to
and concordant with pluton margins. Xenoliths are uncommon
except for large roof pendants in an intrusion near Minto Lake
(Fig. 2) and fine grained diorite inclusions in some dykes.
Contacts are sharp and in most cases plutons remain coarse
grained to their margins, except the LUGDUSH (MINFILE
115P 009)' stock which has a fine-grained rim. Around the
intrusions are contact aureoles of andalusite and/or biotite
hornfels, calc-silicate hornfels, quartzite and minor
tourmalinite.

Dykes are scattered through the metasedimentary rocks,
and sheeted dyke systems also follow regional fault trends.
One system in the MAHTIN (MINFILE 115P 007) area trends
east-southeast, and another between JABBERWOCK
(MINFILE 115P 051) and PUKELMAN (MINFILE 115P
013) trends north to north-northwest, Dykes also occur in the
contact zones, both inside and outside the plutons. These
dykes include tourmaline and muscovite-bearing aplites found
in the endocontact zone at OLIVER CREEK (MINFILE 115P
030).

Intrusions are heterogeneous and commonly zoned from
a more mafic rim to a more felsic core. This zoning is
observed at ZETA (MINFILE 115P 047)(granite rimmed by
syenite), SUNSHINE CREEK (MINFILE 115P 031)(granite
rimmed by granodiorite), LUGDUSH (MINFILE 115P
00%9)(granite rimmed by dacite}), BOULDER CREEK
{(MINFILE 115F 048) and TEE (MINFILE 115P 008a)(the
BOULDER CREEK granite may be rimmed by the TEE
granodiorite}. Contacts between the zones vary from sharp to
gradational. Rocks are medium to coarse-grained, and
textures range from porphyritic to glomeroporphyritic,
megacrystic and seriate.

There are three main groups of rocks. Biotite-muscovite
("two-mica") granite occurs in the southern belt (SUNSHINE
CREEK (MINFILE 115P 031), BOULDER CREEK
(MINFILE !15P 048), LUGDUSH (MINFILE 115P 009),
OLIVER CREEK (MINFILE 115P 030) and JOUMBIRA
(MINFILE 105M 031)). Biotite-horblende quartz-monzonite,
granite, and granodiorite are found mainly in the northern belt
(at PUKELMAN (MINFILE 115P 013), RHOSGOBEL

(MINFILE 115P 012), MAHTIN (MINFILE 115P 007), TEE
{MINFILE 115P 008a) and SCHEELITE DOME (MINFILE
115P G04)). Hornblende-biotitesyenite, quartz syenite, quartz
monzonite, granite and tourmaline orbicular granite (ZETA
(MINFILE 115P 047) zoned stock), and syenite dykes
(MAHTIN (MINFILE 115P 007)), are confined to the
northern belt. Intermediate and mafic rocks are rare.

PETROGRAPHY

Mineralogy and chemical composition separate the
McQuesten plutonic belt into the three groupings described
above, The following summary is based on petrographic
descriptions of 50 samples of igneous rocks. Table 1 lists
petrographic characteristics. Table 2 lists_estimates of the
mineral modes. Rocks were named according to Streckeisen
(1973, Fig. 3).

(1) Two-mica Granite

Biotite-muscovite granite varies from allotriomorphic to
hypidiomorphic granular and from equigranular to seriate or
porphyritic, It contains mainly guartz and plagioclase, and
locally K feldspar phenocrysts. Quartz and plagioclase are
commonly glomerophyric, and K feldspar and quartz are
megacrystic at LUGDUSH (MINFILE 115P 009). Myrmekite
is common, especially in dyke rocks. Alteration includes
sericitization of plagioclase, chloritization of biotite, and some
microclinization and minor epidotization of the groundmass,
Plagioclase varies from oligoclase to andesine and commonly
shows concentric zoning. Inclusions of apatite, biotite and
plagioclase occur in some plagioclase cores. Alkali feldspar
phenocrysts consist of microperthitic orthoclase. Microcline
is abundant in the groundmass of the JOUMBIRA (MINFILE
105M 031) plug, and is probably secondary. Quartz is
strained, embayed, and has formed around phenocrysts.
Interstitial biotite and muscovite consist of ragged, bent flakes.
They occur both as separate grains and intergrown with each
other. Pleochroic red-brown to light yellow biotite
predominates. The biotite contains zircon inclusions with
radiation haloes and minor apatite. Some muscovite is a fine
grained alteration product, but other separate, medium sized
grains appear primary (interstitial). It is pleochroic in shades
of pink, clear and pale blue. Accessory minerals generally
comprise less than 1% of the rock and include apatite, zircon,
tourmaline, fluorite, monazite, opaques and titanite. Euhedral
to subhedral apatite is particulary abundant in the SUNSHINE
CREEK (MINFILE 115P 031} stock where it reaches up to
several per cent. Primary, concentrically-zoned tourmaline is
abundant in the OLIVER CREEK (MINFILE 115P 030) plug,

-with orange-brown cores and blue rims (Emond 1983).

Titanite occurs only in the SNARK (MINFILE 115P 008h)
dyke. Associated fine to medium-grained porphryitic to
equigranular dykes include aplite, rhyodacite and quartz latite.
Quartz, plagioclase and K feldspar occur as phenocrysts, and
minor biotite and muscovite occur in the groundmass. Quartz
amgydules are found at SUNSHINE CREEK EAST
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McQuesten River Area

twa-mica granite

biotite-hornblende granite ’
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Nahanni and Anvil Ares Granites (Anderson 1988)
— — — two-mica granites
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Quartz-orthoclase-plagioclase triangular diagram
for felsic plutonic rocks of the McQuesten River
region, Modes and normative composition are
shown with the outline of the Streckeisen (1973)
classification.  Also shown is the outline of
granitoids from the Selwyn Plutonic Suite (after
Anderson 1988).

Figure 3.

(MINFILE 115P 031b). Dykes are albitized, sericitized and
tourmalinized at JOUMBIRA (MINFILE 105M 031) and
OLIVER CREEK (MINFILE 115P 030), and sericitized and
silicified at SUNSHINE CREEK (MINFILE 115P 031).

(2) Hornblende-Biotite Granite, Quartz Monzonite and
Granodiorite

These rocks generally contain up to 20 % less modal
quartz than the two-mica granites (Fig. 3). The homnblende-
biotite granitoids are mainly hypidiomorphic and idiomorphic
granular (locally allotriomorphic granular) and porphyritic.
As well as normal phenocrysts of quartz, plagioclase and
alkali feldspar, they contain perthitic K feldspar megacrysts,
" and quartz “clots” and glomerophyrs. Quartz phenocrysts
commonly have square cross sections. Groundmass consists
of perthite, plagioclase, hornblende, biotite and quartz in
varying proportions. Myrmekite was not observed in these
rocks. Alteration includes seriditization and microclinization
of plagioclase, chloritization of biotite and hornblende,
biotitization and epidotization of horblende, uralitization of

“clinopyroxene, and minor secondary carbonate.

Plagioclase consists of slightly more calcic andesine, with
more oscillatory zoning than in the two-mica granite. Alkali
feldspar is mostly perthitic orthoclase, with minor replacement
microcline. Quartz is strained.

Biotite and hornblende are interstitial and commonly
intergrown. Biotite is more abundant than hornblende, and
has higher absorption and cleaner edges than biotite in the
two-mica gramite. Pleochroism varies from chocolate brown
to light yellowish brown at PUKELMAN (MINFILE 115P
013) and RHOSGOBEL (MINFILE 115P 012), to reddish
brown at TEE {MINFILE 115P 008a) and SCHEELITE
DOME (MINFILE 115P 004). Horblende is mostly light
brownish green to pale yellow, and also pinkish green and
light bluish green, except at PUKELMAN and RHOSGOBEL,
where it is grass green to pale yellow. Some hornblende is
poikilitic, and some zonmed. Up to 2% beige to clear
plecchroic augite occurs with the hornblende and biotite.

Euhedral to subhedral accessory minerals include allanite,
titanite, apatite, zircon, magnetite and other opaques. Locally,
several percent titanite is associated with mafic minerals.
Allanite is commonly twinned and has chlorite overgrowths.

Dykes are fine to coarse grained and porphyritic, with
phenocrysts of plagioclase, perthite, quartz, hornblende and
biotite. Composition varies mostly from quartz latite to latite.
Alteration includes mainly chloritization of hornblende and
some sericitization of plagioclase, but albite, carbonate,
muscovite, epidote and tourmaline also occur as alteration
minerals in places. Rare biotite-phyric lamprophyre occurs
near SCHEELITE DOME (MINFILE 115P 004).

(3) Hornblende (-Biotite) Syenite, Quartz Syenite, Quartz
Monzonite and Granite

These rocks form a zoned intrusion (ZETA; MINFILE
115P 047), in the Syenite Range. According to Abercrombie
(1990}, the modal composition of these rocks varies from
syenite at the rim through quartz syenite and granite to
tourmaline orbicular granite in the core. The present study
showed variation from syenite to low-quartz quartz monzonite
to quartz monzonite to tourmaline orbicular granite. Textures
range from equigranular to porphyritic, with euhedral alkali
feldspar phenocrysts.

In the syenite, plagioclase and homblende are intersitial
or occur along fractures. Nepheline occurs in the syenite as
a late magmatic mineral along grain boundaries, and is
commonly scarred by inclusion tracks. Late magmatic
overgrowths of hornblende occur on clinopyroxene. A
myrmekitic texture occurs along the margins of perthite
phenocrysts.  Alteration consists of K feldspathization of
plagioclase, biotitization of homblende, and late calcite.

The central part of the intrusion is perthite and
plagioclase-phyric quartz monzonite to equigranular granite
with a core of tourmaline orbicular granite. "Epitactic”
texture, an intergrowth of K feldspar, tourmaline, interstitial
quartz and sericitic plagioclase, is common in the orbicules
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Figure 4a. Harker diagrams for felsic plutonic rocks of the McQuesten River region. (a) Major elements vs SiQO,.
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which range up to 10 cm or more in diameter. Up to 1%
tourmaline also occurs disseminated in the granite. The
tourmaline includes both brown to black and blue to clear
pleochroic varieties. Up to 2% muscovite occurs as free
grains and as sericitic alteration of feldspar. Cassiterite is
intergrown with the tourmaline.

Both the quartz monzonite and the quartz syenite
(Abercrombie 1990) contain approximately 5% modal quartz
and lie compositionally and spatially between the syenite and
the quartz monzonite to granite core.

Petrographically, the hornblende-biotite syenite and quartz
monzonite resemble the biotite-homblende granitoids, and the
granite resembles the two-mica granites (see sections 1 and 2).
Points of similarity include mineral morphology and
pleochroism. Alkali feldspar is perthite, and plagioclase is
oligoclase or andesine. Hornblende predominates over biotite,
and has strong absorption with dark green-brown to red-brown
to yellow-green pleochroism, with a bright green variety in the
granite. Biotite also shows strong absorption, with dark red-
brown to light yellow-brown pleochroism in the syenite, and
chocolate brown to light yellow-brown pleochroism in the
granite. Up to 5% of the rock consists of medium to light
brown pleochroic clinopyroxene, probably augite. Inclusion-
rich augite cores are commonly overgrown by hornblende with
a similar orientation. Euhedral to subhedral accessory
minerals include tourmaline, muscovite, allanite, titamite,
cassiterite, apatite, zircon and rutile. After tourmaline in the
tourmaline-rich granite, allanite (up to 1%) is the most
abundant accessory mineral. Tourmaline, muscovite and
cassiterite occur mainly in the orbicular granite, According to
Abercrombie (1990), the syenite and quartz syenite contain
magmatic eptdote, indicating lithostatic pressure of
crystallization greater than 8 kbar (Zen and Hammerstrom,
1984).

Quartz-plagioclase porphyry dykes occur just inside the
contact of the syenite intrusion at ZETA (MINFILE 115P
047). The dykes contain round quartz phenocrysts, and both
biotite and muscovite are present.  Greisenization, including
abundant sericitization and tourmalinization, is common,
especially near the tourmaline-rich tin-silver veins. Radiating
aggregates of tourmaline needles, which locally make up more
than 10% of the rock, are associated with cassiterite.

Sheeted porphyry dykes, including hornblende syenite,
latite and quartz latite, occur near a hornblende-biotite
intrusion at MAHTIN (115P 007). Phenocrysts consist mostly
of alkali feldspar, plagioclase and homblende, with minor
quartz and biotite. Accessory minerals include augite and
titanite, and minor zircon, apatite, epidote and calcite.

GEOCHEMISTRY

Twenty-five samples of plutons and dykes associated with
tin and tungsten mineralization, some from each of the three
groups of rocks outlined above, were analysed for major,
minor, trace and some rare earth elements (Table 2).

Generally CIPW normative mineratogy is similar to modal
estimates (Fig. 3). The two-mica granite, biotite-hornblende

- granite, and hornblende-biotite syenite are geochemically

distinct. The more evolved phases from the core of the ZETA
(MINFILE 115P 047) syenitic intrusion are similar to the
hornblende-biotite granitoids and two-mica granites from the
rest of the region. The phases grade from hornblende-biotite
syenite to quartz monzonite to biotite-hornblende granite to
two-mica granite. Harker diagram variation trends are
irregular, although some useful patterns were recognized (Fig.
4). Some exceptions to trends noted below may be significant
to individual plutons, but are not discussed here. All rocks
are peraluminous (Shand index A/CNK = molar Al,0,/(Ca0O
+ Na,0 + K,O) greater than 1.0), but the two-mica granites
have a slightly higher ratios (greater than 1.1; Fig. 5) than
the hornblende-biotite granitoids.

In the following paragraphs, the term ’average’ as applied
to granite, granodiorite, syenite, etc. is based on analytical
data published by Cox et al. (1979).

(1) Two-mica Granites
The two-mica granites are peraluminous, with higher

8i0,, K,0 and P,0;, and lower Fe,Q,, MnO, MgQ, CaO and
Na,O than ’average’ granite. Analyses indicate 1.86 to 2.59%

- normative corundum and 2.34 to 4.09 % hypersthene (Fig. 6).

The sum of normative albite, orthoclase and quartz
(*Differentiation Index" (D.1.) of Thornton and Tuttle, 1960)
makes up 82 to 89% of the calculated norm, and normative
anorthite ranges from 4.32 to 10.07%. Normative quartz,
plagioclase and orthoclase are subequal, with slightly higher
quartz. Average compositions are shown in Table 3. Harker
diagram patterns are regular: SiO, and Na,O (and trace
elements Rb, Be, Sb, B, Cs, Au and Y) increase; and AlO,,
Ca0, Fe,0,, FeO, MgO and TiO, (as well as Ba, Hf and Sr)
decrease (Fig. 4a and 4b). This indicates that fractional
crystallization probably controlled the formation of these
granites. Analyses resemble those of low calcium, low
magnesium, high potassium calc-alkaline granitoids (White and
Chappell 1983). They also are similar in 8i0,, AlO,, TiO,,
MnQ and P,O, content to the "tin granites™ of the Seward
Penninsula (Hudson and Arth 1983}, but higher in KO, lower
in Fe,O, and Na,0, and slightly lower in MgO and FeO.

(2) Hornblende-biotite Granitoids

Hornblende-biotite granite, quartz monzonite and
granodiorite have levels of 8i0,, Ti0,, Ca0, MgQ, MnO and
P.O, similar to ’average’ granodiorite, but much higher
amounts of K,O (Sb and Sr), and lower Na,0, Al,O;, Fe,0,,
Be, Au and Y (Fig. 4a and 4b). They are less evolved than
the two-mica granites, with lower S$iQ,, Na,O+K,O versus
Fe-oxides, MgO, CaO, Rb, Y and Nb (Figs. 5, 7, 8 and
Table 3), and higher levels of Ca, Fe and Mg oxides, TiO,,
MnO, ALQO,, Sr, Ba;Sb, As and Ba/Rb (Fig. 9, Table 3).
Other distinguishing features include a lower D.I. (70 to
81 %), higher normative pyroxene (3.42to 9.43 % hypersthene,
up to 4.03% diopside), and zero normative corundum except
at TEE (MINFILE 115P 008a) and SCHEELITE DOME
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(MINFILE 115P 004)(up to 0.89%). Internal variations are
shown by Harker diagrams (Figs. 4a and 4b), $i0,, K,O and
Na,O increase, and CaQ, FeQ, MnQ and TiQ, decrease.
Trace elements are less variable than in the two-mica granites.

(3) ZETA Zoned Intrusion (Syenite-Quartz Monzonite-
Granite)

The D.1. for these rocks varies from 67 to 77%. A/CNK
values are all surprisingly high, ranging from 1.09 to 1.15.
Hornblende (-biotite) syenite is characterized by normative and
modal nepheline, olivine, very minor corundum, and no
pyroxene (Table 3). Modal Si0, and Na,O resemble ’average’
syenite, but AL,Q,, CaO, K,O and P,Q; are more similar to
‘average’ phonolite, except for FeO which is at least 1%
higher, and TiO, which is slightly lower.

The quartz monzonite is characterized by 12.85%

normative hypersthene and 2.9 % diopside, and also has the’
highest normative magnetite and ilmenite of all rocks analysed.
Its composition is mostly intermediate between the syenite and
granite, although it has the lowest D.I. of the three.
Chemically it is also similar to the homblende-biotite
granitoids. :

The tourmaline orbicular granite in the core of the ZETA
intrusion is not strictly comparable with the other granitoids,
due to the high silica (78.5%) and boron (2850 ppm) content
associated with the large orbicules (analysis not shown in
Table 2). However, the interstitial granitic material resembles
the two-mica granite in modal and trace element composition
(Fig. 3). It appears to be slightly more evolved than the two-
mica granite. The tourmaline orbicular granite shows several
notable features when compared to other granitoids: (1)
severe depletion of Ba, (2) depletion of Ce, Dy, F, Ga, Au,
Hf, Nd, Sr and Y, and (3) enrichment in Sb.

Variation from syenite to quartz monzonite to granite
cotresponds to Harker trends, with increasing SiO, and
decreasing MnO, but little variation in trace elements.
Variation from syenite to quartz monzonite is marked by an
increase in 8i0,, Ca0, Fe,0,, FeO, MgO, P,0; and Ti0, and
the trace elements Cs, Cr and F, and a sharp decrease in
Na, O, K.,O, Sb, As, B and Au. Variation from quartz
monzonite to granite is marked by a decrease in Si0,, CaO,
Fe,0,, FeQ, MgO, P,O; and TiO,, and an increase in Na,O,
B, Ga and Au. The varation in Ca, Fe, Mg, P and Ti is
probably due to pyroxene, apatite and sphene fractionation.

Compared to both the two-mica and homblende-biotite
granitoids, the zoned syenite to quartz monzonite to granite
intrusion contains similar amounts of As, Ba, F, Ga, Sr and
Y, slightly higher amounts of Be, Sb, B, Ce, Cs, Dy, Hf and
Nd; and slightly lower values of Cr and Au (Fig. 4b and
Table 3). The quantities of Be, B, Ce, Cs and Dy in the
ZETA intrusion rocks are similar to those in the highly
evolved phases of the two-mica granites.

Rb-Ba-Sr Relationships

The two-mica granite is significantly enriched in Rb with
respect to Ba and Sr compared to the hornblende-biotite
granite, with the core of the SUNSHINE CREEK (MINFILE
115P 031) intrusion being the most enriched (Fig. 9). The
Ba/8r and Ba/Rb ratio increases in the hornblende-biotite
granites and syenites from the less evolved PUKELMAN,
RHOSGOBEL (MINFILE 115P 012) and ZETA (MINFILE
115P 047) intrusions, through the MAHTIN (MINFILE 115P
007) intrusions, to the more evolved TEE (MINFILE 115P
008a) and SCHEELITE DOME (MINFILE 115P 004}
intrusions. The latter intrusions have similar Ba/Sr and Ba/Rb
ratios to the least evolved of the two-mica granites.

RARE EARTH ELEMENTS

_The following rare earth elements (REE’s) were analysed:
La, Ce, Nd, Sm, Eu, Gd, Th, Dy, Yb and Lu (Table 2),
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Chondrite normalized graphs were used as an aid to
interpretation (Fig. 10). However, due to the detection limits
of Eu and Gd (2 ppm and 200 ppm, respectively), the graphs
are abnormal, with a positive Gd anomaly but no negative Eu
anomaly. '

All patterns have negative slopes showing light rare earth
(LREE) enrichment, and lower abundances of heavy rare
earths (HREE). The following rock types are listed in
decreéasing order of LREE enrichment: (1) two-mica granite
from LUGDUSH (MINFILE 115P 009); (2) two-mica granite
from the rim of SUNSHINE CREEK (MINFILE 115P 031),
syenite and quartz monzonite from ZETA (MINFILE 115P
047), hornblende-biotite granodiorite from TEE (MINFILE
115P 008a), homblende-biotite granite from RHOSGOBEL
(MINFILE 115P 012) and PUKELMAN (MINFILE 115P
013), and two-mica granite from the core of SUNSHINE
CREEK (MINFILE 115P 031); (3) two-mica rhyodacite dyke
from JOUMBIRA (105M 031), sericitized dacite rim of
LUGDUSH (MINFILE 115P 009)(hornblende-biotite), and
rhyodacite dykes from SNARK {MINFILE 115P 008b), ZETA
(MINFILE 115P 047), SUNSHINE CREEK WEST
(MINFILE 115P 031) and WAYNE (MINFILE 105M 029).
The third group shows less LREE enrichment and slightly
more HREE depletion. The rim of the SUNSHINE CREEK
pluton is enriched in LREE relative to the core. This is
explained by fractionation of apatite, which forms more than
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2% of the rim. Most phases of the zoned syenite to granite
intrusion at ZETA are similar, but the orbicular granite is
relatively depleted in HREE, an indication of its highly
evolved nature.

Fig. 10d Chondrite-normalized rare earth element diagram:
West Ridge.

INCOMPATIBLE AND RARE EARTH VARIATION AS
AN AID TO TECTONIC INTERPRETATION

Pearce et al. (1984) used trace element variations to
distinguish between granites from different tectonic settings.
They defined a granite as any plutonic rock containing more
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from Syenite Range (Zeta).

than 5% modal quartz. The following four groups of granites
were established: (1) ocean ridge (ORG), (2) volcanic arc
{(VAG), (3) within plate (WPG), and (4} collision (COLG)
granites. These groups were further subdivided according to
their precise setting: for instance the latter group was divided
into syn- and post-COLG’s. "Using ORG-normalized
geochemical patterns and element-Si0, plots ... most granite
groups exhibit distinctive trace element characteristics ...
Post-collision granites present the main problem of tectonic
classification, since their characteristics depend on the
thickness and composition of the lithosphere involved in the
collision event and on the precise timing and location of
magmatism. Provided they are coupled with a consideration
of geological constraints, however, studies of trace element
compositions can clearly help in the elucidation of
post-Archean tectonic settings.” (Pearce et al. 1984, p. 956).

Elements included in the diagrams are restricted to those
thought to behave incompatibly during fractionation of MORB
to felsic composition. The rare earth elements are represented
by Ce, Sm and Yb. In the diagrams, the elements are plotted
in order of increasing incompatibility during MORRB genesis
(from Yb to Rb). Flat patterns (near unity) reflect granite
with a simple genetic history: derived from convecting upper
mantle, derived from a basalt parent by fractional
crystallization, or unaffected by crustal melting, assimilation
or volatile-dominated processes. Deviations from these flat
patterns indicate a more complex genetic history for the
granite.

ORG-normalized diagrams for the McQuesten plutonic
rocks are shown in Figures 11a-e. Some examples of collision
and volcanic arc granites from Pearce et al. (1984) are shown

in Figures 11f-h. The McQuesten rocks show patterns similar
to "collision" and Chilean "volcanic arc” granites. All of the
samples have very high values which are 30 to 90 times the
norm, (a feature typical of evolved granites), high Rb and Th
compared to Ta and Nb, with Th to Ta ratios ranging from
5:1 to 50:1 (typical of "crust-dominated” plutons), and a
general increase in the trace elements from Yb to Rb. Several
patterns also show negative Ba anomalies, and/or positive Ce
and Sm anomalies with respect to adjacent elements, another
"crust-dominated” feature.

Negative Ba anomalies are characteristic of two-mica
granites at SUNSHINE CREEK (MINFILE 115P 031) and
LUGDUSH (MINFILE 115P 009). The rim of the
SUNSHINE CREEK (MINFILE 115P 031) pluton is similarly
depleted in barium with respect to the core. This is consistent
with Ba depletion in the magma at a late stage in the
differentiation process. The syenite from ZETA (MINFILE
115P 047) shows a pattern similar to the other granites, but
without the Ba anomaly. The homblende-biotite granites show
a consistent decrease from Rb to Ba to Th, or a slight positive
Ba anomaly.

Positive Ce and Sm anomalies occur in the two-mica
granite at LUGDUSH (MINFILE 115P 009), but are absent
in the centre of the SUNSHINE CREEK (MINFILE 115P
031) stock. The latter is probably due to apatite crystallization
in the rim causing depletion of LREE in the residual magma.
Positive Ce and Sm are also associated with in
homblende-biotite granite at SCHEELITE DOME (MINFILE
[15P 004), TEE (MINFILE 115P 008a) and MAHTIN
(MINFILE 115P 007).

Some positive Zr anomalies are present in
homblende-biotite granites at RHOSGOBEL (MINFILE 115P
012), PUKELMAN (MINFILE 115P 013) and SCHEELITE
DOME (MINFILE 115P 004}, and in tourmaline orbicular
granite and dyke rock from ZETA (MINFILE 115P 047).
This can be explained by accumulation of zircon crystals at
more mafic compositions {Pearce et al. 1984),

Hornblende-biotite syenite and granite from ZETA
(MINFILE 115P 047), MAHTIN (MINFILE 115P 007),
PUKELMAN (MINFILE 115P 013) and RHOSGOBEL
(MINFILE 115P 012)(the northern belt), have a lesser Th:Ta
ratio, and are richer in Nb than other granites (both
hornblende-biotite and two-mica granites), indicating a less
crust-dominated origin.

A thyodacite dyke and the central two-mica granite plug
at JOUMBIRA (MINFILE 105M (31), and the dacite rim of
LUGDUSH (MINFILE 115P 009) each show a positive Ba
anomaly, very low Y and a slight Zr anomaly. The positive
Ba and low Y could be due to alteration, since the feldspar is
commonly sericitized.

The general similarities in these trace element patterns and
abundances suggest that melted sedimentary rocks formed the
entire McQuesten plutonic belt. Even rocks which show
evidence of alteration or metasomatism in thin section show
strikingly similar trace element palterns.
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Figure 11. Ocean Ridgenormalized diagrams for trace
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Pearce et al. (1984)) for felsic plutonic rocks
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from the McQuesten River region. (e) Syenite Range (Zeta);
and examples from Pearce et al. (1984): (f) Post-collision
granites, (g} Syn-collision granites, and (h) Volcanic arc
granites.
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Trace Element Variation Diagrams used in. Tectonic
Interpretation

Pearce et al. (1984) were able to discriminate further
between ocean ridge (ORG), volcanic arc (VAG), within plate
(WPG) and collision (COLG) granites by graphing Y, Yb, Rb,
Ta and Nb versus §i0,, and also Nb vs Y, Ta vs Yb, Rb vs
Y+Nb, and Rb vs Yb+Ta. McQuesten area samples plot
mostly in the field of collision granites, but some show
compositional similarity to within-plate granites. Calculated
ratios of Y, Yb, Rb and Ta versus Si0,, as well as the ratios
Ta vs Yb and Rb vs Yb+Ta plot mostly within the COLG and
VAG fields as expected (Fig. 12)*. However, Y vs §iQ,, and
Nb vs Y diagrams show that samples from SUNSHINE
CREEK (MINFILE 115P 031}, ZETA (MINFILE 115P 047)
and LUGDUSH (MINFILE 115P 009) have WPG affinities.
Niobium is somewhat high compared to COLG, and samples
plotted on an Nb vs SiO, graph almost all ke in the WPG and
ORG fields (Fig. 12b). Most samples on the Rb vs Y+Nb
diagram plot in the syn-COLG and VAG fields, but several
fall near or within the WPG field (Fig. 12¢).

Whalen et al. (1987) used Ga/Al ratios, various major
element ratios and Y, Ce, Nb and Zr as discriminants in
distinguishing A-type granites from M-, I- and S-type granites.
Similar plots were made using analyses of McQuesten area
plutonic rocks (Fig. 13). Two-mica granites mostly show
Ga/Al ratios typical of I- and S-type granites, but a few
plutons such as SUNSHINE CREEK (MINFILE 115P 031)
have higher ratios more typical of fractionated felsic granites
{Whalen et al., 1987). The biotite-hornblende granites gave
lower (K,O + Na,0)/Ca0 and FeO/MgO ratios (Fig. 13a, b),
Also K,0 + Na,0O, Zr, Ce and Zn values in some samples are
higher than for most regular I- and S-type granites, again
explainable by fractionation. Nb values are all higher than I-
and S-types (Fig. 13c). Diagrams using the sum of Zr, Nb,
Ce and Y on the abscissa were used similarly to Ga/Al plots,
Due to high Nb and Y content, the samples plotted out of the
field of OGT (unfractionated M-, I- and S-type granites),
slightly toward the A type average (Fig. 13d). Most major
element ratios, including FeO/MgO, (K,0 + Na,0)/Ca0, and
Rb/Ba, plotted outside the OGT field. These granites are not
believed to have an A-type origin, but it appears that
fractionation has played an important role in their formation.

COMPARISON WITH SELWYN AND TOMBSTONE
PLUTONIC SUITES

Intrusive phases similar to those in the McQuesten region
occur in the Selwyn and Tombstone Plutonic Suites (Anderson
1987, 1988; Pigage and Anderson 1985). Composite and
zoned syenites in the Selwyn Mountains are documented by
Smit et al. (1985) and similar rocks in the Tombstone
Mountains are documented by Anderson (1987).

Overall similarities

Points of overall geological similarity are listed in Table
4, and are summarized below: (1} The intrusions are post- to
syn-tectonic. (2) They intrude upper Proterozoic to Jurassic,
miogeoclinal metasedimentary host rocks. (3) They have a
subcircular form indicative of forceful emplacement. (4) They
have formed contact aureoles with andalusite and biotite
(typical of shallow emplacement}). (5) Some intrusions,
especially syenitic plutons at Emerald Lake and in the
Tombstone Range, show concentric zoning indicative of
fractional crystallization in situ. (6) Each suite has bimodal
characteristics, with the southernmost intrusions consisting
oftwo-mica granite, and the northernmost intrusions consisting
of less evolved biotite-hornblende granite. Bimodal
characteristics of the Selwyn Plutonic Suite were documented
by Anderson (1983). (7) Coeval volcanic rocks and dykes
accompany the intrusions, for example the South Fork
Volcanics in the Tay River area.

Petrographic similarities
Petrographic analysis shows the following similarities

between the three different plutonic suites. (1) Modal
compositions show that the two-mica granites are more quartz-
rich, and more restricted in K feldspar:plagioclase ratio than
the hornblende-biotite granites. McQuesten area granites are
similar to the Nahanni and Anvil area granites as shown in
Fig. 3, although batholiths in the Nahanni-Flat River area
show less variation between phases, and include a "transitional
phase” of two-mica granite with minor homblende (Anderson
1988). (2) Igneous texture varies from hypidiomorphic to
allotriomorphic granular in the two-mica granite, to
hypidiomorphic and idiomorphic granular in biotite-hornblende
granite, (3) Feldspar and quartz phenocrysts show similar
morphology.  Microperthitic orthoclase megacrysts are
characteristic.  (4) Biotite is ubiquitous as an accessory
mineral.  Other distinctive accessory minerals include
muscovite in the two-mica granites, hornblende and minor
clinopyroxene in the biotite-hornblende granites, and nepheline
in the syenites. (5) Biotite has chocolate brown pleochroism
in biotite-hornblende granites compared to reddish brown in
the two-mica granites. Hornblende is a darker green to brown
compared to pale green in the two-mica granites, and
clinopyroxene is dark brown, compared to beige in the two-
mica granites. (6) Other accessory minerals include apatite,
zircon, allanite, titanite, and tourmaline. Monazite occurs
mainly in the two-mica granites. Titanite, allanite and
magnetite are mostly assoctated with the hornblende-biotite
granites, Magnetite and titanite are confined to the syenite.
(7) Inclusions of zircon and allanite in biotite are more
abundant in the hornblende-biotite granite. (8) Myrmekitic (or
granophyric) texture is particularly common in the two-mica
granites.

Anderson (1988) described two-mica granites with minor
hornblende, confined mainly to large batholiths in the
southeastern part of the Selwyn Plutonic Suite, as
"transitional”. Their chemistry is intermediate between the
hornblende-biotite and two-mica granites, Uncommon but
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Figure 12. Trace element diagrams for indicating tectonic
origin of granites (fields as defined by Pearce et
al. (1984)): (a) Y vs Si0,, (b} Nb vs Si0,, (c) Rb
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vs Y+Nb, (d} Rb vs Yb + Ta; Terms: WPG=
within plate granites; ORG = ocean ridge granites; VAG =
volcanic arc granites; COLG = collision granites.
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Trace Element Variation Diagrams used in Tectonic

Interpretation

Pearce et al. (1984) were able to discriminate further
between ocean ridge (ORG), volcanic arc (VY AG), within plate
(WPG) and coilision (COLG) granites by graphing Y, Yb, Rb,
Ta and Nb versus $i0O,, and also Nb vs Y, Ta vs Yb, Rb vs
Y+Nb, and Rb vs Yb+Ta. McQuesten area samples plot
mostly in the field of collision granites, but some show
compositional similarity to within-plate granites. Calculated
ratios of Y, Yb, Rb and Ta versus 5i0,, as well as the ratios
Ta vs Yb and Rb vs Yb +Ta plot mostly within the COLG and
VAG fields as expected (Fig. 12)°. However, Y vs §i0,, and
Nb vs Y diagrams show that samples from SUNSHINE
CREEK (MINFILE 115P 031), ZETA (MINFILE 115P 047)
and LUGDUSH (MINFILE 115P 009) have WPG affinities.
Niobium is somewhat high compared to COLG, and samples
plotted on an Nb vs Si0, graph almost all lie in the WPG and
ORG fields (Fig. 12b). Most samples on the Rb vs Y +Nb
diagram plot in the syn-COLG and VAG fields, but several
fall near or within the WPG field (Fig. 12¢).

Whalen et al. (1987) used Ga/Al ratios, various major
element ratios and Y, Ce, Nb and Zr as discriminants in
distinguishing A-type granites from M-, I- and S-type granites,
Similar plots were made using analyses of McQuesten area
plutonic rocks (Fig. 13). Two-mica granites mostly show
Ga/Al ratios typical of I- and S-type granites, but a few
plutons such as SUNSHINE CREEK (MINFILE 115P 031)
have higher ratios more typical of fractionated felsic granites
(Whalen et al., 1987). The biotite-hornblende granites gave
lower (K;0 + Na,0)/CaO and FeO/MgO ratios (Fig. 13a, b).
Also K;O + Na,O, Zr, Ce and Zn values in some samples are
higher than for most regular I- and S-type granites, again
explainable by fractionation. Nb values are all higher than I-
and S-types (Fig. 13¢). Diagrams using the sum of Zr, Nb,
Ce and Y on the abscissa were used similarly to Ga/Al plots.
Due to high Nb and Y content, the samples plotted out of the
field of OGT (unfractionated M-, I- and S-type granites),
slightly toward the A type average (Fig. 13d). Most major
element ratios, including FeO/MgQ, (K,0 + Na,0)/CaQ, and
Rb/Ba, plotted outside the OGT field. These granites are not
believed to have an A-type origin, but it appears that
fractionation has played an important role in their formation,

COMPARISON WITH SELWYN AND TOMBSTONE
PLUTONIC SUITES

Intrusive phases similar to those in the McQuesten region
occur in the Selwyn and Tombstone Plutonic Suites {Anderson
1987, 1988; Pigage and Anderson 1983). Composite and
zoned syenites in the Selwyn Mountains are documented by
Smit et al. (1985) and similar rocks in the Tombstone
Mountains are documented by Anderson (1987).

Qverall similarities

Points of overall geological similarity are listed in Table
4, and are summarized below: (1) The intrusions are post- to
syn-tectonic. (2) They intrude upper Proterozoic to Jurassic,
miogeoclinal metasedimentary host rocks. (3) They have a
subcircular form indicative of forceful emplacement. (4) They
have formed contact aureoles with andalusite and biotite
(typical of shallow emplacement).  (3) Some intrusions,
especially syenitic plutons at Emerald Lake and in the
Tombstone Range, show concentric zoning indicative of
fractional crystallization in situ. (6) Each suite has bimodal
characteristics, with the southernmost intrusions consisting
oftwo-mica granite, and the northernmost intrusions consisting
of less evolved biotite-hornblende granite. Bimodal
characteristics of the Selwyn Plutonic Suite were documented
by Anderson (1983). (7} Coeval volcanic rocks and dykes
accompany the intrusions, for example the South Fork
Volcanics in the Tay River area.

Petrographic similarities

Petrographic analysis shows the following similarities
between the three different plutonic suites. (1) Modal
compositions show that the two-mica granites are more quartz-
rich, and more restricted in K feldspar:plagioclase ratio than
the hornblende-biotite granites. McQuesten area granites are
similar to the Nahanni and Anvil area granites as shown in
Fig. 3, although batholiths in the Nahanni-Flat River area
show less variation between phases, and include a "transitional
phase” of two-mica granite with minor hornblende (Anderson
1988). (2) Igneous texture varies from hypidiomorphic to
allotriomorphic  granular in the two-mica granite, to
hypidiomorphic and idiomorphic granular in biotite-hornblende
granite. (3) Feldspar and quartz phenocrysts show similar
morphology.  Microperthitic orthoclase megacrysts are
characteristic.  (4) Biotite is ubiquitous as an accessory
mineral.  Other distinctive accessory minerals include
muscovite in the two-mica granites, hornblende and minor
clinopyroxene in the biotite-horblende granites, and nepheline
in the syenites. (S) Biotite has chocolate brown pleochroism
in biotite-hornblende granites compared to reddish brown in
the two-mica granites. Hornblende is a darker green to brown
compared to pale green in the two-mica granites, and
clinopyroxene is dark brown, compared to beige in the two-
mica granites. (6) Other accessory minerals include apatite,
zircon, allanite, titanite, and tourmaline. Monazite occurs
mainly in the two-mica granites. Titanite, allanite and
magnetite are mostly associated with the hornblende-biotite
granites. Magnetite and titanite are confined to the syenite.
(7) Inclusions of zircon and allanite in biotite are more
abundant in the hornblende-biotite granite. (8) Myrmekitic (or
granophyric) texture is particularly common in the two-mica
granites.

Anderson (1988) described two-mica granites with minor
hornblende, confined mainly to large batholiths in the
southeastern part of the Selwyn Plutonic Suite, as
"transitional". Their chemistry is intermediate between the
hornblende-biotite and two-mica granites. Uncommon but

- 183 -




m: : DO:
1 WPG + ORG (a-c} ]
] | — =1 ' ;
CR I . E ] ! . *
3 4+ - . . ' v-g h [ ]
> “- € | WPG+ORG(D) o * .
| vag, core, "¢ VAG, COLG, ORG (a,c,d) -
ORG ( d) ] ’ ’ a,¢,
L T T T 1 © T ¥ T : T 1
85 80 (1] T0 75 [ ] 0 [ -] T0 78
810, (%) 810, (%)
McQuesten River Area
* TWO - MICA GRANITE
s BIOTITE - HORNBLENDE GRANITE
4 HORNBLENDE - BIOTITE SYENITE
TO GRANITE (ZETA)
Fig. 12a. Fig. 12b.
000 syn-COLG
; _ X 1°°°3 syn-COLG
100 - |
€ 7 R
& &
g | '; 1 VAG
b VAG T 1] ORG
5 ORG 3
4110 T ll'lI"‘ T T T !ll’l T T 1 Illlll 1|° Y_r'l" L] ] L) IIIIIT T ] L] llllll
2] 100 1000 1.0 10 100
Y + Nb (ppm) Yb + Ta {ppm)
Fig. 12¢. Fig. 12d.

Figure 12, Trace element diagrams for indicating tectonic
origin of granites (fields as defined by Pearce et
al. (1984)): (a) Y vs Si0,, (b) Nb vs 8i0,, (¢) Rb

vs Y+Nb, (d) Rb vs Yb + Ta; Terms: WPG=
within plate granites; ORG = ocean ridge granites; VAG =
volcanic arc granites; COLG = collision granites.
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Apparently similar rocks occur in the McQuesten region, for -

instance on the margin of the LUGDUSH (MINFILE 115P

- 009) stock. This is a medium grained biotite-quartz-feldspar
porphyry which contains sericite and chlorite pseudomorphs
after hornblende, and has a composition intermediate between
the two major granite types.

Petrographic characteristics of the McQuesten area rocks
which are not recognized in the Selwyn Plutonic Suite include
glomerophyric quartz and plagioclase, most notably in the
two-mica granite, tourmaline orbicules (such as at ZETA
(MINFILE 115P 047)), and microclinization and albitization
of feldspar. These characteristics may indicate that the
McQuesten granites are slightly more evolved.

Geochemical similarities

McQuesten area rocks show geochemical similarities to
the Selwyn and Anvil suites {Gordey and Anderson, in press;
Anderson 1988). (1) The two-mica granites contain normative
corundum, while the homblende-biotite granites contain
normative clinopyroxene and little or no normative corundum.
The syenites contain normative nepheline. (2) The two-mica
and hornblende-biotite granites form two subalkaline groups,
the former containing more than 70% silica and the latter, less
than 67 % silica (Fig. 14). The syenite and quartz monzonite
are alkaline, similar to the Tombstone syenite. (3) The rocks
are mainly subalkaline to calc-alkaline, and from
homblende-biotite to two-mica granite the composition shifts
toward higher alkalis and lower Fe and Mg (Fig. 7). (4) The
rocks have similar Na,0O to K,O ratios which plot in the field
of S-type granites. (5) They have similar Na,0O to K,0 to
CaQ ratios. Alkalis increase and calcium decreases from the
hornblende-biotite to the two-mica granites (Fig. 8). (6) They

have similar Rb-Ba-Sr relationships, except that some of the

Selwyn two-mica granites have higher Rb values.
Differences:

There are some notable differences between the
McQuesten granites and rocks of the Selwyn and Tombstone
Suites. (1) Biotite-hornblende granites of the McQuesten
region have a lower ratio of modal quartz to alkali feldspar
and plagioclase than those in the Selwyn and Anvil regions
(Fig. 3). (2) The McQuesten rocks are all peraluminous,
whereas in the Selwyn and Anvil plutenic suites only the
hornblende-biotite granite is metaluminous, and only the
two-mica granite is peraluminous. (3) The McQuesten
granites contain more iron compared to alkalis and magnesium
(Fig. 7). (4) Unlike rocks of the Tombstone Suite which
contain aegirine-augite, the McQuesten syenite and quartz
monzonite intrusions entirely lack A-type characteristics.

DISCUSSION

Plutonic rocks in the McQuesten River region are
generally bimodal, with two-mica granites in the south and
hornblende-biotite granitoids and syenitoids in the north.
There is a broad transition from hornblende-bearing nepheline
syenite, to poorly evolved hornblende-bearing,

clinopyroxene-normative biotite quartz monzonite, to granite,
to more evolved, peraluminous, corundum-normative
muscovite-bearing biotite granite (Fig. 3). The coexistance of
alt three of the above phases in the ZETA (MINFILE 115P
047) zoned intrusion suggests they form a comagmatic suite.
This is supported by Rb-Ba-Sr trends. A primary trend of Ba
enrichment is observed in the less evolved biotite-hornblende
granites, and a secondary trend of Rb enrichment is seen in
the more evolved two-mica granites. This is consistent with
differentiation trends for felsic magmatic suites (Bouseily and
Sokkary 1975). All phases of the McQuesten Plutonic Suite
show similar patterns of trace elements (normalized to ocean
ridge granite), providing further evidence of a comagmatic
origin. These trace element patterns are doubly useful in that
they have not been affected by alteration processes. The
patterns recognized include high Ba and Th with respect to Ta
and Nb, high Ce and Sm values with respect to adjacent
elements, and an increase in abundance of trace elements from
Yb to Rb. These trace element patterns are typical of collision
and volcanic arc granites with a "crust-dominated” source.
Other trace elements are consistent with this interpretation,
except for slightly elevated Nb and Y values which are more
typical of granite originating within a plate. The original
magmas were probably melts of, or melts contaminated by,
sialic lower crustal material. Rb/Sr ratios greater than 0.71
reported by Abercrombie (1990), and Kuran (1982) support
this conclusion.

Crustal trace element patterns such as a lower Th:Ta ratio
and higher Nb values are more characteristic of the two-mica
granites and the homblende-biotite granitoids of the southern
belt than of homblende-biotite granitoids of the northemn
McQuesten belt. The hornblende-biotite granitoids in the
south even have positive Ce and Sm anomalies, whereas those
in the north do not.

High Rb and negative Ba anomalies indicate the highly
evolved nature of the two-mica granites in the southern belt.
Lower Rb and less negative Ba anomalies are apparent in the
less evolved biotite-hornblende phase, especially in the north.

Two-mica granites from the McQuesten region have
typical S-type characteristics.  For instance, they are
peraluminous, have K,O greater than Na,0O (Fig. 15),
relatively low TiO,, and FeO greater than Fe,0, (Fig. 16).
However, the biotite-hornblende granitoids contain less SiQ,
and show petrographic features (e.g., darker, chocolate brown
biotite) more similar to ’I-type’ granites of the Selwyn
Plutonic Suite (Gordey and Anderson, in press). Any A-type
characteristics, i.e. a few high Ga/Al ratios and high
Zr+Nb+Ce+Y values (due to high Nb and Y), are likely due
to fractionation of S-, or [-type magmas.

Major metals are also partitioned between the two main
igneous phases in the McQuesten River region. Tin-(silver)
mineralization is associated with the two-mica granite at
OLIVER CREEK (MINFILE 115P 030), SUNSHINE CREEK
{MINFILE 115P 031), BOULDER CREEK (MINFILE 115P
048) and JOUMBIRA (MINFILE 105M 031} in the southern
belt, and ZETA (MINFILE 115P 047) in the northern belt,
while tungsten (-gold) mineralization is associated with
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Figure 14. Na,0+K,0 vs Si0, of McQuesten River plutonic
rocks. Outline of composition of granites from
the Selwyn Plutonic Suite (after Anderson 1988)
is also shown.

biotite-hornblende granite at PUKELM AN (MINFILE 115P
013) and RHOSGOBEL (MINFILE 115P 012) in the northern
belt and at SCHEELITE DOME (MINFILE 115P 004) and
LUGDUSH (MINFILE 115P 009) in the southern belt
(Emond, 1992). The LUGDUSH (MINFILE 115P 009)
pluton is mainly a two-mica granite, but it is rimmed with
sericitized homblende-biotite dacite which formed the
associated W skarn. At SCHEELITE DOME (MINFILE
115P 004), TEE (MINFILE 115P 008a) and SNARK
(MINFILE 115P 008b) the tungsten skarns associated with
biotite-hornblende granite also contain sulphide minerals and
tin.

Metallic minerals help to characterize the McQuesten
plutonic suite as a unique entity, distinct from the Selwyn and
Tombstone plutonic suites. Numerous tin showings occur in
the McQuesten belt, and its tungsten deposits are associated
with biotite-hornblende rocks, whereas the southeast part of
the Selwyn Plutonic Suite contains larger and more numerous
tungsten deposits which are associated with two-mica granites
(Anderson, 19838).

The Selwyn Plutonic Suite postdated the arc-continent
collision (Tempelman-Kluit 1981, 1979). The magmas which
formed these rocks are commonly believed to have formed by
relaxation of isotherms associated with post-collision crustal
thickening causing melting of the lower crust. However, it is
also possible that these magmas were formed by low angle
east-dipping subduction originating west of the ’Stikine arc’
{Tempelman-Kluit 1979) causing melting of the lower crust or
the "downgoing slab’. Formation by subduction could possibly
explain the bimodal distribution of the Selwyn intrusions and
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Figure 15. Plot of Na,0 vs K,O for I and S type granites.
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Figure 16. Fe,0,/FeO vs §i0, of McQuesten River plutonic
rocks showing oxidized and reduced granitoid
classification.

also some of their 'I' type characteristics.

The presence of syenite along the north edge of the
McQuesten region links rocks of the McQuesten region to the
syenites and *A’ type granites in the Tombstone Mountains to
the northwest. There, a different intrusive suite was emplaced
as a result of extensive Proterozoic crustal thinning and a
difference in the composition of the lower crust (Anderson
1987). Since the granitoid rocks in the northern McQuesten
region lack 'A’ type characteristics, they have been included
in the Selwyn Plutonic Suite, and may mark the southern
margin of thinned crust. Syenites in the McQuesten region
show a close relationship to the granites, particularly at the
ZETA property (MINFILE 115P 047) where the syenites and
granites appear to be differentiation products of a single
magma.
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SUMMARY

Plutonic rocks of the McQuesten River region are
comagmatic and consist mainly of hornblende syenite,
biotite-hornblende granite and two-mica granite. Small plutons
were forcefully emplaced at a high level in the crust and
fractionally crystallized in place. The plutonic rocks form two
east-trending belts: a northern belt with more mafic biotite-
homblende granitic and syenitic rocks, and a southern belt
with more felsic biotite-muscovite (two-mica) granites. The
two-mica granite, which crystallized from the most evolved
and therefore volatile-rich (i.e., boron-rich) melt, is associated
with tin-silver veins - and skarns.  The less evolved
biotite-hornblende granite is associated with tungsten-gold
skams and veins.

The McQuesten Plutonic Belt is broadly similar to the
Selwyn Plutonic Suite in its geometry and bimodal character.
Differences in chemistry and metallization, however, indicate
that the McQuesten intrusions are more highly evolved.
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Appendix 1. Abbreviations (used in tables).

ALL AL allanite NOS nosean

AP apatite op opaque minerals
AN anatase OR orthoclase

BI biotite PL plagioclase
COR corundum PX pyroxene

CAN cancrinite QZ quartz

CPX clinopyroxene RU rutile

DI diopside SPH sphene

FL fluorite TO tourmaline

GT garnet ZR zircon

HE hornblende DAC dacite

KSP K feldspar GRAN granite

MEL melanite GRANODI granodiorite
MON monazite QZMZ quartz monzonite
MT magnetite RHYODAC rhyodacite

MU muscovite SY syenite

NE nepheline

1. In this report, the mineral property name is also used when referring to the associated pluton.

2. Due to space constraints, some of these diagrams have been omitted.
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Table 1. Petrology of Plutonic Rocks of the McQuesten River Area'

MAIN
MINERALS

ESSENTIAL
MINERALS

BIOTITE

HORNBLENDE

ACCESSORY
MINERALS

TEXTURES

ALTERATION

TWO-MICA
GRANITE

QZ, PL(Ol-
An), KSP

BI>MU

reddish- to

* orange-brown

to It yellow
brown

none

AP, ZR, MON,
TO (OP, SPH)

allotrio- to
hypidiomorphic
granular,
myrmekite,
ragged edges
{mica), strained
embayed quartz,
quartz glomophyrs,
megacrystic KSP,
equigranular to
seriate to
porphyritic

ser. of PL

chl. of Bl
perth. of KSP
microcl. of KSP
epidote

' Abbreviations: see Appendix 1.

HORNBLENDE-
BIOTITE
GRANITE

QZ, PL(An),
KSP

BI>HB

chocolate
brown to 1t
yellow-brown
-minor rusty
brown

1t brownish
green to
yellow-clear
to grass green
- also pinkish
clear, It
bluish green)

ALL, AP, ZR,
SPH (OP-MT)

hypidio- to
idiomorphic
granular,
smooth edges
(mica), strained
quartz, quartz
glomophyrs, KSP
megacrysts and
clots
poikilolitic &
zoned HB,
porphyritic

ser. of PL

chl. of BI & HB
microcl, of PL
biot. of HE
epidot. of HB
carbonate
albitization

ural. of PX
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HORNBLENDE-
(BIOTITE)
SYENITE

KSP, PL(OI-
An), HB

HB> >BI

chocolate
brown to dk
red brown to
It yellow

dk green-
brown to red-
brown to
yellow-green

ALL, RU, AP,
ZR, SPH, NE

idio- to
hypidiomorphic
granular
myrmekite,
porphyritic to
equigranular

biot. of HB
ural. of PX
perth. of HB
carbonate




16'€ {AVD 10

w1 o 10
s TO
50 0 0 wo 120 @@sd
180 Lo &0 61l %0 aana
8t oo P60 07T 161 TTOM
86°E Wy L€ BLE $e'1 00y 'l €T /34 el A% 'l e 6E°E 662 sd
e 9L wt e %0z s %0 oLl T 660 'l oo v 9T 61 N3
e se 510 210 8o #1'0 510 wo o' e 910 61’0 e 810 e wo vi
¥e'0 €1 g0 %0 vt 160 w0t %0 090 960 00 680 9%°0 w §5°0 260 I
It 651 661 18] sT1 o0 o'l wo 590 §11 sv'o L0 80 f141 ol £5°0 IN
'L sETl e we we (3] v6T 06°€ 818 e bLE % &6 $8'S 60'p AH
6T 180 81 Wy e } . 19
61'T aN
w5t 06T €611 STTI £0°E1 588 19°11 Lol 8L B9El 'y LS Y 1851 §e°11 114 NV
90°97 0w 16'0E 2y SPPT v6'EL 96761 fove 1981 007z A wu sz 881 90'97 owe av
60°vE £EVE R 01 6LTE 90or 9TTE S0 W 98T TR wer o' 9T 06T 36l i 19)
Lre s 144 65T 650 T 95T %1 590 160 931 o
oot ves el KL 69t 6l %1€ £0'3€ 91z ¥I'ZE e LE'PE a4 A 96T o
. SWHON MAID
'

: XAANT L01a Q

$T'T 601 i I S A g0l 201 €1 o w7l €l £ 51 € ®'y AND/V ot —

1
1766 s5oot 1586 1L'L6 617001 66'66 9686 £6°86 91°86 10°%6 966 s 2966 9% 19°001 166 oL
06'0 080 060 'l 050 ot w0 or'l 060 oo 001 or'1 oo oo ol 0o 101
60°0 1o zre 60'0 0 50'0 600 we €00 00 0o €00 o %00 200 900 QU
7o 70 wo x4} 70 1o ®'o e A oT'0 1o 570 910 €20 910 0 o
60 0 o 5o 550 0 50 610 o 150 wo 10 ¥ @50 §¥'0 0 oIL
we 8¢ WL SES $5°5 89 e wr sy o8'F te¢ 86p oLt 15 6L¥ ° 54 o
0E % 1% 08T 62T €8T 9T 8T oL w7 98z 9T g we %0°¢ e o™N
9T vL'E 97 5T e WL €5 51T o'l 16T 1z’ 61 60 e vz o't 0%
Tl S5 860 o1t w 1€ e 1E0 e s w0 50 50 T3 660 ®'o . oW
w3z o SIE (34 ®E o1 $TE 510 551 5LT or't 08 i LA T w0z 0%
51 wi ol %60 80 680 e 590 By (] 60 £9°0 w0 'l %0 w0 ‘o4
st 851 Le'61 sevl ¥esl vZ'§1 501 $E°S1 gl ST 9T¥l ' oET 86'pl w5l ol o4V
1se L1 ] = 95°59 we 9’59 90 £z o9 WL 6E°0L B6'EL ST’ wse oL o8

(% W)RpxO 2fep

[62:131] Ll o

T EEH 1941 (19 gH ‘19-9H 19-8H 19-8H 1444 gH-1e AWIE gH-1 [t NW-g nw-g qH-19 NW-1g 1| Kxoswaxny
NYHD ZWZD AS ZWZD ZWZ0 NY¥D NVID aord NVED NYHED aoid 1o NY4D rek: o] ova NVdD AL oy
wn ©n 60 o1} © 9 @ (3] (3} 3] (-4} (x4} 7' 1} an [t4}) 50
85T 9z ¥z 98T [ox4 17T hed Wi 61z 807 $iT 6L falt:d [21°4 LET T -oN ajdureg

a0y uErepy ufaep ahg g BT Joid M4ia HNg [LAiLe] g wy WD) ANRBLIMAG

FNOT NIFHO HATAD NATHD eIy

v1dZ v142Z VIAZ NVWIDINd TOSOHN  NIIHVW  NIIHVH  VHIZWNO! VEIgWNO! Z1ITI3H)S ANTHSNNS ANIHSNNS NIHSNOS q9L HSNQONT HSNANT PHWITY

O NURIS BaRnDOR AN W) #ejdanes Jo uepwodmes [wpow PUT (SIAUTM danTuLIon ‘uaweR-tofely T AIGEL




I xjpuaddy 398 suoyjelaIqqy

{3y 30) uopdiosqy HWOIY PUE ([ 40) IPWIPIGINT, B Jo] BWSELS D (] fU] PUE € ‘A “45 so) sousasssony desry e”._._ PUR) HUJIA[DY UANNRN - fUIWL]S
aonn) {7 Huo)[U] Uo §80'T JOJ HIPWWABIT PR SO 40] DUl | 0518) BWFE] “)7(] - HUILHR Joupn pur Jofew (f ‘spoyewr Fulmojjo] sy Sjupew Jupn wanooues N “p1g Lundwor) p 33a0)-mpucg Lq pauteliad alam sesdpouy

0501 0sT1 o8 058 ol 099 000% 4 [ 006 oy 00g1 411 006 133 3 K|
66 o1l 6 A L9 i <'g %4 [ I's Lo UL fara| [ ¥y 9L 4
69 o1l g€ L $'6 £8 0l [ &€ ol v'E oL &' [ s s ag

e > 00z > o0z > 00T > 00z > 00 > oR > [vx4 018 o > 01z oo > [ o0 > e > o0z > vz

011 oct 05> 26 oL 0%t 051 4] 101 i 98 o4 4l ol 4] 051 n

2 9 z1 61 4 €1 ki 50 60 £ 1€l 1> > 91 I s W
8l 91 LT 9’0 Lo 81 ot 50 60 90 1z o =T’ 80 ¥o €0 a8

[ 34 $> i g ¢ L s> [ L L =4 [ ¢> §> 5> iy

g §> ] 9 4 8 6 L g 6 81 ! 91 ® o 4l (qdd) ny

R RYIO
£TS 86'€ S we »T £ 19°¢ W we [ 4 or £E 17 6T ot %] nul,
7> > > > >, > > > > > 7> > #T > > > oW

> 3 > £z > > > > > 11 > > 9 > > > M

005 > 005 > [ = 008 > osL 005> 005 > 005 > 005 > 089 005 > o > 005> 005 > 005> 005>, rz

59 [ £h1 oz [xd ST (4 $1 74 1 o 5t St SE 4 ®© 1

1 ol o1 4 ot o> 0i> 65 14 1> 81 v 51 61 ® 1 Lo

£€ 8¢ 13 81 8l [vd sz s> 5> 81 6 4] 94 L 6 A

¥ 6 v 4 L [ 4 91 61 sz T 66 g€ (x4 [14 % a

€ T z z z I 1> > 1> 1 T [3 t > I z RE

L 9 L 4 £ 9 14 £ H ¥ ¥ 9 4 £ [ 9 H ,
ool oEl 9's '8 £L 0's L b (33 I's %8 o'zl el 6 L' gt n
€15 818 08 L o6l 06T 09T 0zl 071 002 0'5E oo oIg oLT o'l oy 1% %

soles) B3ues YZH —
.
£ 14 £ £ £ £ £ > z £ £ |3 £ z 4 £ Aq

1> > 4 1> 1> 1> 1 1> 1> £ 1> P > 1 > 1= qL
8 63 v'8 6'¢ 9'9 '8 'L ¥ €f 99 (X3 ¥'é (4] gL P 091 wg

o &€ 1] £ 13 L 43 I w6l 6l .14 [+ - 33 4 9 PN

%1 141 144 6L 6L o1 ot [ [¥:3 o'L6 [73 01 501 1134 -/ 11 D

9 1 ® 6€ 32 9 4 Fird x4 o 11 oL w e vE 001 Ly |

AUMLB(T yTR 20Ty
9 19°0 14 w0 €70 %50 90 %0 0] o piL [rard [T EA 060 1594

s6¥ 74 . 559 43 [354 s1s oy 13 SOE sy sel $'T91 134 olg SIE g

[H113 143 43 0T o7 00 74 [4] [*3 062 0lg 05E 09 [i]}4 ol 08T Lt

(4 € 9l 21 st 3 91 t al 1t 01 9i [ 91 1 #1 L

0091 0091 0oLl ()41 o009l 000T 00L1 00TE 1.4 005T 066 [\ oS oLz 00LT LA g

: suone) By
(wdd) Ausweg Joujgy
(8H) STesaulpy

49 18-aH ag &d -~ 18-89H 19-9H 19-4H 19-9H qH14 N1 gH19 e | nw-a nwW-Id qH-14 nw-1e ] Loy

NYED ZWZD AS ZWZD TWZD NYHO NYH9 aoAd NVYD NVED aoiy ey i3] NYHO j[o}:0a ovad NVED AL w0y

@y on ©n wn ()] ® W €n ®) (€} [(14] D) Z'€Q) (0 an N {man)

8T 95T 97 96T 334 [trd [544 e 617 207 §Lz 6LT it 4 114 LET W ‘oN ddumg

L] uiany ndrepy 4q 2y niiq g a4 Fng [snua) g wy #300) WUWLINIOQ

ANOA NAAAD AARYD NATLD [Baufly
vi3z YIAZ Y13z 1aNNd TISOIM  NLLHVIW  NLLHYW  VHISWNOL YEIFWNOL FIITIIHOS ANIHSNAS ANIHSNGS 3NIESNAS FAL HENEON'T HSNADA pTROtTY

{panunues) 'z eqeL




Table 3. Awverage composition of Granltold Rocks In (he McQuesten River Area

Two-Mlch Granite Horabiende-Blotite Hornblende-
Quartz: Monzonite, - ' Blollte
Granite Syenite
n=4! n=§ n=1

MAJOR OXIDE ANALYSES (WT %)

810, : 71.80 (70.35-73.99) 65,50 (64,82-66.72) 58.04
ALO, 13.98 (13.60-14.42) §5.01 {14.05-15.54) 19.37
Fe,0, 0.56 (0.42-0.67} 0.97 0.78-1.20 1.30
FeQ 1.64 (1.22-2.00) . 2.78 (1.40-3.20) 15
MzO 0.55 (0.324.71) ) 1.62 (1.16-2.21) 0.98
Ca0 138 (0.94-1.49) 3.23 (2.97-3.53) 2.67
Na, O 2.75 {2.20-3.12) 2.6l (2.12-2.39) 4.14
K0 4,73 {4.18-4,9%9) 5.41 (4.51-6.73) 7.52
TIO, ©.38 {0.24-0,52) 0.52 (0.48-0.33) - 0.43
PO, 0,25 {0.14-0.28) 0.21 0.13-0.24) 0.20
MnO 0.04 {0.03-0.06) 0.08 (0.05-0.10) 0.12
molar A/CNK 1.28 (1.20-1.40) 1.15 (1.03-1.28) L1
DIFF INDEX

CIPW NORMS

Q 33,42 (29.16-38.03) 19.46 (16.49-23.28)

C 2.24 (1.86-2.59 0.256 (0-0.89) 0.04
OR 27.92 (24.70-29.48) 31.96 (26.65-40.06) 44.43
AB 23.29 (18.61-26.40) 22.14 (18.78-24.45) 30.97
AN 5.0 {4.32-7.81) 12.54 (8.85-15.8]}) 11.93
NE ’ 2.19
DI 1.75 (0-4.03)

HY 3,56 (2.52-4.09) 6.66 (3.42-9.3)

MT 0.69 (0.51-0.83) 117 (0.70-1.40) 1.39
1. 0.73 (0.46-0.98) 0.98 (0.91-1.04) 0.81
FA Q.16 (0.11-0.22} 0.16 {0.12-0.18) Q.15
EN 1.37 (0.B0-1.76} 3.57 (2.06-4.65)

Fs 219 (1.72-2.59) 3.59 (L35-4.TD

WOLL 0.88 (0-2.06)

EN{PP) 0.46 (-L.19)

Fs{D¥F) 0.40 (0-0.87

OL 5.62
OL(FCR) 1.70
OL(FAY) 391
MINOR ELEMENTS (PPM):

Large Callons

Ba 1550 (500-2300) 1950 (1200-27003 170
Cs 18 (14-30) 4 (11-16) 16
Rb 280 (150-360) Bs (190-300) 0
Sr 261 {162.5-31%) 490 (420-555) 653
Rb/8r 1.2 {£0.49-2.21) 48 0.40-0.62) 0.49

Rare Earih Elements

la 49 (23-100) 43 {39-64) 62
Ce 128 {48-200) ) (79-120) 120
Nd 39 (19-67) 33 (19-42) 45
Sm 1 (331000 70 598.2) . 84
Th . <1 (<1-1) <i {<1-1) 2
Dy 3 2-4) 3 [eXc}] 3
High Valence Catlons

Th 3.0 {12-41) : 230 (1729 28.0
U 9.2 {4.8-14.8) 1.7 (3.09.2) 5.6
Hr 5 {4-6) 4 (3-6) 7
Ta 3 (<1-4y | {< -2} 2
Nb 37 {19-52} 26 (21-37) 42
Y 25 (< 3-44) 20 (15-28) 7
Ga 17 {L1-24) <10 (< 10-20) 10
B kL3 (15-75) 23 {15-35) 145
Zr < 500 < 500 {« 500-750) < 500
w 2 (<2-6) L] (<2-29) <2
Mo <2 (<22 <2 <2
ThJ 4,03 (2.1-8.5) 3.20 (2.07-5.80) 5
Other Metals

Au (ppb) 1n (<5-16) 13 (628 6
Ag <5 <5 (<5 Ty <5
Sh d 0209 09 0618 2.1
As 27 {< 1-101) 12 {<3-22} 12
Cr 140 {120-170} 133 (98-160) < 50
Zn 280 (< 2-810% <200 <200
Sc¢ 52 (39710 100 (7.1-13.) kR
Be 7.8 (39122 62 {3074 92
F 900 (550-1300) 940 {660-13003 840

"When > 1, the first value s the mean; this is followed by the range, in parentheses.
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Table 4. Comparison of plutonic rocks of the McQuesten area with the Selwyn and Tombstone Plutonic Sulles

GEOLOGICAL
SETTING -

INTRUSION
CHARACTER-
ISTICS

PHASES

ACCESSORY
MINERALCGY

TEXTLRES

ALTERATION
MINERALS

ASSOCIATED
MINERAL
DEPOSITS

GECGCHEMISTRY

Abbrevialions: see Appendix 1

MCQUESTEN

Late Proterozoic to Miss.
melased, %

Zoned, nearby cocval vaks,
contact aurcolea, roof
pendams, subcircular,
hererogeneous, alocks,
plugs, dykes

1) QZ-rich felic
{bi-mu granite}

2) felsic (hb-bi quanz
monz, granodi, granite)

3) QZ-poor felsic (hb-bi
(hb-bi ayenile, quanz
monzanile to granite)

i) MU, B, AP, ZR, TO, MON

2) BL, HB, AL, 5PH, AP,
ZR, CPX, MT

3) HB, BI, AL, SPH
AP, ZR, RU, NE, CT, TD

allotriom, to hypid.
gran, seriale, parph.,
megacryalic,
glomerophyric,
myrmekiie,
micreperthitc

chior., ser.,
micracliniz. ep.,
cale., albil.,
uralit,

Sn-Ag veins,
skarns assoe. with
Iwo-mica granile
W-Au skam &
veins asaoce. with
hb-bi granite;
Ag-Pb-Zn veins
distal 1o plulons

1} Corundum narm
> 0% §i0, (70-75}
K,0 > N, O

2) CPX norm.
< 0% 5i0, (64-66)

3) NE 10 COR noon. (from syen-
ite to granite) < 60 % Si0, (58)

Peraluminous (hb-bearing -
lower Shand Ind.

Subalkalire (minor alkaline)

Cale-alkaline (2-mica granite-
higher alkalis, lower Fe, Mg)

SELWYN

Late Proterozoic 10 Miss.
metased. & metavol. rocks

Zomed, compogile, overlain
by coeval voles, subcircular,
heterogencous, batholiths,
plugs, atocks, dykes

1) Q¥~rich felsic (hb-froe
bi-mu granite to granodi,

la) Transitional varicly
betwern 1) and 2: a two-mica
granitc with minor hb.

2) felsic (bb-bi granite,
granodi, quartz syenite)

3) QZ-poor felsic (h-bi
(hb-bi alkali feldspar
syenile to syenile 1o gtz
syenite to qiz monzonile 10
granite)

1) MU, BI, GT, TO, AP, AL,
ZR, AN, MON, HB, CPX

2) Bi, HB, MT, SPH,
AP, AL,TO,ZR,CPX

3) HB, Bl, SPH, MT,
AP, ZR, AL

hypid. gran., equigran,
seriale, megaeryslic,
myrmekite
microperthite

chlor., ser,, ep.,
cale., sphere,
saussur.

large W-Cu
skarnd assce. with
two-mica granite
Cu-Mo-Fe-As-Zn
(AU-W) skam &
vein showings
assoc. with hb-bi
granie

1) Carundumn nor
silicic, high K,
low Ca & Mg,

21 CPX norm, lower

nomn. corundum &

silica, higher cafernic,
Ti0y,Mn0,5r,Ba,La, ¥, K/Rb,
Ba/Rb,lower salic axides,
D.1,Rb,Rb/Sr . K/Ba

Per- to metalum. (bb-bearing -
lower Shand Index)

Subalkaline (minor alkaline)

Cale-alkaline (2-mica granite-
higher alkalis, lower Fe, Mg)

TOMBSTONE

M. Proterozoic to furassic
metased. . Zonc of suspect
Late Proterozoic extension,

subcircular Lo
circular,
past-teclonic,
cogenelic dykes
& volcanics

) no two-mica granite

2 siliceous felsic
(hb-bi manzogranilc)

3) Q&-poor felsic (hb + bi
alkali to feldspar syenite)

4) Mafic 10 iermed.
(Subordinate)(hb-clino-
pytoxenile, hi-diorite,
tinguaite, bi-momzonite)

2) HB, BI

3) HB, BI, SPH, FL,
AEGIRINE-AUGITE,
MT, MEL, AP, CAN,
NOS, NE

equigranular, megacrysiic,
porph., granophyric,
graphic granite, mynnekite,
microperihie

F. U, Th, 5b, W,

Sn, Mo, Az, Au, base
metal; sulphides
dissern. & veins,

3} QZ or NE norm.

Alkaline 1o subalkaline




