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Abstract

The Cordilleran orogn of westernCanadas a type example of accretionary tectonism
andthusan ideal location to study continental growth by oceanic and continental arc magmatism
andterrane accretion. Cordilleran Intermontane terranes are interpreted as accreted arseanic ar
that contributed significant crustal materiatie western North Amecan margin during the
Mesozoic;however, uncertainties regarding fre-accretionary history anshsement of these
terranesiinder understandiniperelative rolesof new juvenilecrustandreworked crusin the
building of this major orogeny. An impred understanding of these issues also has broader
implications for models of Phanerozoic juvenile crustal growth and accretionary tecldracs.
Hogem batholith in nortieentral Quesal terrane, British Columbia comprises Triassic to
Cretaceousmged intrumns It provides anatural laboratoryo better understand the magma
sourcesnature and antiquity of the batholith, the basement to the Quesnel terrane, and the

tectonic history irthis area through time.

This study presents new combined zircoPHf, (*80 and trace element data for 13
intrusiveplutonicrocks from the Hogem batholith, supplemented by apatite and titarite U
Pb+SmNd and whole rock major oxide and trace element geotcal data. New zircon-Bb
dates coincide with previous geochronology results and expand the crystallization age range of
four intrusive suites, fror206.8+0.%0 1271+1.6 Ma,revealingt h e b a tompobkite antd 6 s
protracted 8@million-year magmatidistory. Notably, the age range of the Mesilinka intrusive
suite, 135.40.9 to 1271+1.6 Ma, corresponds with a period otherwise marked by magmatic
quiescence across the Cordillera. The crystallization aigée ThaneCreek(207 to 194 Ma)
and Duckling Ceek(182 to 174 Ma)ntrusive suites overlap with prolific periods of porphyry

CuxAu-Mo mineralization in the Canadian CordilleZarcon trace element geochemistry results



(EUEw* O0 . 4Cec* €& 0 0, Q =PFstgest zircon crystallized in oxidized d&ydrous
magma conditions at neaolidus temperature3%0 to 650°F, which indicates potentially
favourable magma conditions for porphyry mineralization in the Thane and Duckling Creek
suites. Zircon HO isotope results are consistent with a predomigguatienile, mantlederived
source for the prdo synraccretionary Thane Creek and Duckling Creek suites. Xenocrystic
zircons from the postccretionary Osilinka suit@Ea. 160 Mayeveal an inherited juvéde Hf-O
signature from the melt source, whilecon HfO results from the Mesilinka sui(@35 to 127
Ma) suggest a mix of juvenile mantlendrecycledsupracrustaterived magma sources. There
is no indication that the magmas that formed the Hogenolithtlexperienced significant

interactionwith andent North American continental basement.

Overall, the generalljuvenile HFO signatures of zircon from plutonic rockaided here
contrast with previous isotope studies of plutonic rocks in southern and northern Quesnellia and
suggest disparate baserheampositions and accretionary styles across the Quesnel terrane
during the Mesozoic. These findings form tresisof a model forhe production and
preservation of juvenile crust in the Quesnellia arc, which supports the overall trend to juvenile
Hf isotope compositions in Phanerozoic circacific accretionary belts. This model may be
appliedto better understanding juvenile crugfeowthand orogercraton interactions other
accreted terranes in the North American Cordilesavell asvithin globd Phanerozoic

accretionary orogens.
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1 Introducti on

1.1 Geologic Background and Thesis Objectives

The Canadian Cordillera is a type examplenajor Phanerozoic accretionary orogenesis
and provides an opportunity to study continental growth via terrane accretion and arc magmatism
(Cawood et al., 2009). Dung the Mesozoic, westehorth Americaexperienced extensive
magmatic activity, which stitchedgether accreted terranes and formed the plutaststo
CutAu-Mo-Ag porphyry mineralizatiomn British Columbia, Yukon, and Alask&haracterizing
the noamineralized background magmatic phassskey to better understanding the
petrogenesis of theseqphyry-hosting intrusions, adteration haloegnvelopingoorphyry

deposits may significalyt affect whole rock and mineral chemistngerpretations

TheHogem batholith is located in nortientral British Columbia, withithe Quesnel
terraneof the Caadian CordilleraKigurel.11). Mapping and geochemical studies of the
Hogem batholith and the surrounding geologyenanproved knowledge dield relationships,
petrography, geochronology, and mineralization in the area (e.g., Lord, 1948; Woodsworth,
1976; Garnett, 1978; Devine et al., 2014). Despite a long history of studies focused on the
Hogem batholith, there is gartainty about the natgrantiquityand longevityof magmatism,
the tectonic evolution of the batholith, and the relationship of {b&seneterso potential

mineralization.
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Figure 1.11. Terrane map othe Canadian Cordillermorthwestern United States, and eastern Alaska,
modified after Colpron and Nelson (2020). The black square indicates the location of this thesis study area.



This study aimso address the lack of modern isotopic and trace eledagafor the
plutonic rocks othe Hogem batholith an® better understand the magmatic phases within four

mappablentrusive suites identified ithenorthern Hogem batholith, through:

1 Characterization of the intrusive suites using whole rock majoieceand trace
element geochemistry.

1 Interpretation of magmatic crystallization ages using igneous zircon and titanite
laser ablatiorinductively coupled plasmmass spectrometry (LACP-MS) U-Pb
geochronology.

1 Estimation of the relative crust and mantletcimitions to Hogem batholith
magmas using combined zircon UH8P-MS Lu-Hf andsecondary ion mass
spectrometry (SIMS)xygenisotope(littO) data.

f Comparison of zircon tracer isotope ¢Hi, 0*80) geochemistry results to Quesnel
terrane basement, Yukon Taueterrane, anBaleoproterozoic North America
(Hottah terrangdetrital zircon geochemistry data to evaluatetherancient crust
was involved in Hogem batholithagmatism.

1 Determinatiorof the temporal evolution and petrogenesis of the Hogem batholith,
and possible implications for juvenile crust formation and Phanerozoic accretionary
tectonic models.

1 Estimation of relative magma temperatures, oxygen fugacities, and fluid contents
using 2rcon trace element concentrations, and the implication of thegegéor

the mineralization potential of the magmas.

1.2 Regional Geology and Previous Work

1.2.1 Canadian Cordillera Geology

The Cordilleran orogeaf western Canadaas a protracteevolution hatspars from the
Pale@roterozoic to presentlany works have sythesized the tectonic history and structural
framework of the Canadian Cordillera (eMgnger, 1977; Jones et al., 1977; Davis et al., 1978;
Coney et al., 1980; Monger et al., 1982; Jogtea., 1983; Wheeler et al., 1991; Mihalynuk et
al., 1994; Mongeand Price, 200Zvenchick et al., 2009 elson and Colpron, 2007; Colpron et
al., 2007;Evenchick et al., 2007; Johnston, 208i@json et al., 2003 These works are partially



summarizedere in relation to the formation of the Intermontane supertergaresnel terrane,

and host rocks to the Hogem batholith.

Rifting and brealup ofancestral North America (Laurentia) frdRodinia fromca. 750
to 540 Ma led to the opening of the pr&acific Ocean(Panthalassa/longer and Price, 2002).
Beginning in the Ntdle Devonian, a convergent boundary formed in eastern Panthalassa,
outboard of the western Laurentian mar@hains of volcanic islandes developed above an
eastwaredipping subduction zone angkre separated from Laurentia by the Slide Mountain
Ocean(Figurel.2.11; Monger and Price, 2002; Nelsonagt2013).

At the end of the Triassic, the Slide Mountain Ocean closed after a reversal in subduction
polarity, eventually leading to the accretion of the island arcs onto therwésurentian
margin, which formed discrete, fatdbunded terraneiguresl.2.12 and1.2.13; Monger and
Price, 2002; Nelson et al., 2013). The extent of North American basement beneath these accreted
terranes remains a point of contention; however, it is thought the basement malyaesxtar
west as the exposed Cache Creek terrane in the northern Canadian Cordillera and to the Fraser
Fault in the southern Canadian Comlidl Cook et al., 2004; Cloveeet al., 2005; Evenchick et
al., 200’; Nelson et al., 2013).

Late Carboniferous to
Early Permian
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Figure 1.2.11. Reconstruction of the accreted terranes during the Late Carboniferous to Early Permian,
prior to closure of th&lide MountainOceanand accretion onto the western Laurentian continental margin.
Modified after Nelson et al. (2013), based on Belasky@tegens (2006), Bradley et al. (2003), Nokleberg
et al. (2005), and Malkowski and Hampton (2014). AX=Alexander terrane, WR=Wiiangel
F/M=Farewell/Mystic terrane, ST=Stikine terrane, YT=Yukbanana terrane, QN=Quesnel terrane,
OK=0Okanagan subterrane, EK=Eastern Klamaths, NS=Northern Sierras, OM=Omulevka Ridge.
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Reconstruction at 170 Ma

Terrane groups

- Angayucham arcs

I Intermontane superterrane
Insular superterrane

I Western Jurassic belt
Guerrero superterrane

I North American terranes

I Farallon terranes

Mezcalera

Phoenix

Figure 1.2.12. Plateand Mrdilleran terrane reconstruction model at 170 Ma, modified after Clennett et al.
(2020). Ongoing accretion of the Intermontane superterrane (purple) to the western North American
(Laurentian) margin began at ca. 185 Ma.

Reconstruction at 140 Ma

Terrane groups

B Angayucham arcs

I intermontane superterrane
Insular superterrane

I Western Jurassic belt
Guerrero superterrane
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Figure 1.21.3. Plate and Cordilleran terrane reconstruction model at 140 Ma, modified after Clennett et al.
(2020). Accretion of the Intermontane superterrane (purple) to the western North American (Laurentian)
magin was complete byhts time.



1.2.2 Development of the Intermontane terranes

The Intermontane superterrane is made up by the Stikine (Stikinia), Quesnel (Quesnellia),
Cache Creek, and Yukermanana terranegigurel.2.21; Monger et al., 1982; Rusmore et al
1988). It has been proposedgheerranes were volcanic island arcs originally built upon rifted
craton or pericratonic fragments, which were separated éne another by an ocean or back
that formed the Cache Creek terrane (Colpron et al., 20616pn et al., 2006; Colpron et al.,
2007; Zagorevski, 2015). Some suggest these Intermontane island arcs were amalgamated and
evolved together, prior to a@tion (Monger et al., 1982; Colpron et al., 2007), while others cite
evidencehatthe individualarcs were accreted separately and simultaneously across the
continental margin (Mortimer, 198€ordey et al., 1987; Rusmore et al., 1988). By the Middle
Jurassic (ca. 174 Ma), accretion of the Intermontane superterrane onto the western North
American conihental margin was essentially complete, however, minciasgretion related
magmatism continued until ~160 Ma (Nelson et al., 2013; Monger, 2014). Anso€otdillera,
magmatism during the period 155 to 125 Was rarerepresenting a paesiccretionarysetting in

the Intermontane terranes (Armstrong, 1988).
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Figure 1.2.21. Terrane and superterrane configioas within the North American Cordillera at present,
modified after Clennett et al. (2020). Théite square represents this thesis study area within the
Intermontane superterrane (purple). Other terranes and sugeeeinclude: Angayucham (red), Ifesu
(orange), Guerrero (yellow), Western Jurassic belt (dark orange), North America (dark blak)nFa
(green), and Kula (pink).

1.2.3 Quesnel terrane background

Quesneterrane forms discontinuous exposures spanning from-nerttral Washington
state tosouthcentral Yukon Figurel.11). It is exposed between Cache Creek ankirgti
terranes to the west, and Slide Mountain terrane and pericratonic sedimentary toekesaist
(Monger et al., 1991; Wheeler et al., 1991; Schiarizza, 2019). Two major stratigraphic divisions
make upQuesnel terrane: upper Paleozoic volcanic andveatdary strata and lowes middle
Mesozoic volcanic and sedimentary strata with tempogadpciated plutonic rocks (Monger et
al., 1991).



1.2.4 Quesnel terrane basement

Upper Paleozoic strata comprise the basement to Quesnel terrane, including the
Mississippan to Permian Lay Range assemblage in noetitral Quesnel terrane, which is
correlative © the Harper Ranch subterrane in the south (Monger et al., 1991; Nelson and
Bellefontaine, 1996; Ferri, 1997; Colpron et al., 2007). The upper Paleozoic Lay Range
asemblage consists of two main stratigraphic uniteyeetsedimentary andppermafic tuff
division. The lower sedimentary division comprises Middle Mississippian to Middle
Pennsylvanian chert, tuff, carbonate, and clastic sedimentary rocks (Ferri@93aj.Ferri,
1997). These sedimentary rocks are mhmanably overlain by the Permian uppeafic tuff
division, consisting of tuff, agglomerate, and mafic volcanic flows (Ferri et al., 1993; Ferri,
1997).ThelLay Range assemblage is exposed on the eastigie of nortitentral Quesnel
terrane, while correlative rocks of the Nina Creek Groupclware assigned to Slide Mountain
terrane, extend further south. This strip of Lay Range assemblage and Nina Creek Group
Paleozoic rocks extends over 200 km alefrike of the Cordillera and separates Mesozoic

Quesnel terrane rocks from pericratonickoto the east (Ferri, 1997).

1.2.5 Quesnel Terrane Mesozoit&Rkocks

An angular unconformity divides Paleozoic basement rocks from overlying Mesozoic
strata in Quesnellia @ad and Okulitch, 1977). The lower Mesozoic voleaadimentary strata
mostly consist of th upper Triassic to lower Jurassic Nicola Group in the southern Quesnel
terrane, which is temporally, lithologically, and geochemically correlated to the Takla @roup
north-central Quesnel terrane (Monger et al., 1991).Nigela and Takla Groups are
predominantlyexpresseasclinopyroxene and feldspaphyric basalts witlinter-bedded

volcanogenic sandstones and argillites (Monger et al., 1991; Dostal et )., 200

The Takla Group is also present in the more outboard Stikine terrane and is separated
from the Quesnel Takla Group by dextral stréigp faultsor high-pressure accretionary complex
rocks of the Cache Creek terraherd, 1948;Dostal et al., 2009)he Nicola and Takla Group
volcanesedimentary rocks are thought to represent a volcanic island arc; however, it is uncertain
whether these groups represent a single arc or separate arcs (Monger et al., 1991; Dostal et al.,
2009). Dosal et al. (2009) infered that upper Triassic volcanic strata across Quesnellia and
Stikinia may be correlated, including the Nicola and Takla Groups, and the Stuhini Group of
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Stikine terrane. All three of these groups share similar lithologies, stptigrand Nd and Sr

isotopic compositiongDostal et al., 2009).

Quesnellia and Stikinia volcanic and sedimentary strata were intrudedrbggroatic
Late Triassic to Early Jurassic callkaline and alkaline plutons (Monger et al., 1:99dgan and
Mihalynuk, 2014. These plutos represent an important period of magmatism in the Canadian
Cordillera, as they are major hosts to porphyry CudatAg mineralization in British
Columbia Figurel.2.51) and Yukon (e.g., Guichon, Iron Mask, Copper Mountain agex
Creek, and Granite Mountain batholiths; Christopher and Carter, 1976; Armstrong, 1988). Most
of the Quesnestikine terrane porphyry mineralization occurred within ariion-year period,
and approximately 90% of known mineralization occurred fromapmately 208 to 202 Ma
(Logan and Mihalynuk, 2014).

Bl Quesnel terrane
Northern Hogem
batholith

Figure 1.2.51. Geographic distribution of the Quesnel terrane aagbnilriassieJurassic porphyry
deposits in British Columbia. Pink triangles areeseQuesnel terraAsosted porphyry deposits. Grey
triangles are select Stikine terranested porphyry deposits. &morthern Hogem batholith is highlighted
in pink and tke study area is indicated by the red square. Geology from BC Geological Survey (2020



1.2.6 Relationship of Quesnel terrane with YukonTanana and Stikine terranes

Several authors have propogkdtQuesnellia and Stikinia share a genetic history
because dthelithological, geochemical, and age similaritestweerthe volcanesedimentary
rocks (Lord, 1948;Church 1975; Monger, 1977; Monger and Church, 1977; Dostal et al., 2009)
Additionally, the Asitka Groupbasement rocksnderlyingthe Takla Group in Stikiniare
similar in age, stratigraphy, and geochemistry to the upper Lay Rasgelage in Quesnellia
and suggest the two terranes may shdr@sement (Dostal et al., 2008)similar relationship
exists between Quesnellia atte Yukon-Tanana terran@/TT). Close correspondence in
stratigraply, age, and geochestry betweerthe Lay Rarge assemblag€and Harper Ranch
Group andthe Late Mississppian to Early Permian Klinkiasssemblage ithe YTT supporta
shared preccretionary history between the two terraf&mard et al., 2003; Colpron et al.,
2007).Late Triassido Early Jurassiplutonic suitsintruded and crossutthe boundaries of
Quesndla, Stikinia, andYTT, implying thelntermontane terrasavereamalgamated by éh

time of this intrusive evenfNelson and Friedman, 200&olpron et al., 2007).

Several tectonic modetgtenpt toexplain the affiliation of Quesn@, Stikinia, and
YTT. One model involves the developmentddingle arc that was later offset by strétip
faulting (Wernicke and Klepacki, 1988; Beck, 1991, 1992; Irving et al., 1996). Another involves
large-sale thrusting, imbrication, and synformal folding of the accreted terranes onto the
continental margi (Samson et al., 1991; Gehrels et al., 1991; Dostal et al., 2009). Others have
suggeste@ model ofsyncollisionaloroclinal bending of th& TT around Qesnellia, Stikinia,
and Cache Creek terrane (Nelson and Mihalynuk, 1993; Mihalynuk et al., 199dn ek,
2006). Johnston (2008) suggested that the Intermontane terranes, comstttedan exotic
composite ribbon continent that experienced limatbending in the Late Cretaceous during
collision with autochthonous North America.

1.3 Hogem Bathoith Geology and Previous Work

1.3.1 Geology

The Hogem batholith is made up of Triassic to Cretacagesl intrusions within
Quesnel terrane in nortentral Britsh Columbia Figurel.11). These intrusions consist of

calcalkalic to alkalic plutonic rocks that were emplaced into upper Triassic Takla Group
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volcanesedimentary strata, which are exposed to the north and ehstldbgem bdiolith
(Figurel.3.11; Garnett, 1972). To the west, the Hogem batholith is juxtaposed against Stikine
and Cache Creek terrar@sngthe Pinchilngenika desral strikeslip fault systemKigure

1.3.11; Ganett, 1972). Lay Range assemblage basement is exposedtwitieast of Hogem
batholith and Takla Group rocksot siown on map)

Four petrologically distinct intrusive suites sdivide theHogem batholit{Figure
1.3.11). From oldest to youngest, these are the Thane Creek, DgdRteek, Osilinka, and
Mesilinka suites (Woodsworth, 1976; Woodsworth et al., 1991; Ootes et al., 2019a,b, 2020a,b).
The intrusive Thane Creek suite predominantly consists of diorite to quartz naitepgvhich
crosscut and emingled with minor hornbledite Figure1.3.12). Rocks of the Thane Creek
suite vary from undeformed to strongly deformed and locally mylonitic (Ootes et al., 2019b).
Mineralization is variably preséas disseminated coppsulphides and rare veinlets, with blue
green copper staining in outcrop. Ceppulphide minerals occur in both the dioritic and

hornblendite phases.

The Duckling Creek suite is made up of syenites to monzonites, which intrueéed old
biotite clinopyroxenite. Rhythmic magmatic layering visible in outcrop separates felsic syenites
from mafic, biotite and clinopyroxeniteich syenitesKgigurel1.3.13). In northern Hogem
batholith, these rocks are weakly defexdn(Ootes et al., 2019b, 2020a,b); hogrein the south
and more proximal to the Lorraine @w deposit Figurel.2.51), Duckling Creek rocks are
moderately to strongly deformed (e.g., Devenal., 2014). Minel&ation of the Duckling
Creek suite typically occurs as disseminated, porphiyie coppessulphides, with copper

staining visible in outcrop.

Leucocratic, mediurgrained granites comprise the Osilinka suftiggrel.3.14), which
are crosscut by feldspar porphytykes. Osilinka granites have low mafic mineral contents
(<5%), which makes deformation in these rocks cryptic; however,-cud8ag mafic dykes

locally contain shear fabrics (Ootes et al., 2019b).

Four intrusive phses are recognized in tMesilinka suite. These include older tonalite
and granodiorite phases, which were intruded by equigranular granitef@hdspgarmporphyritic
granite phased-(gurel.3.15). All the Mesilinka suite phasdmve a foliation defined by biotite
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(Ootes et al., 2019b, 2020a,b). Younger pegmdsikes aosscut the Mesilinka suite intrusions
(Figurel.3.15).
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Figure 1.3.11. Bedrock geolgy map of northern Hogem batholith, modified after Ootes et al. (2020a)
with sample locations after Jones et al. (2021). Black triangles represent geochronology and geochemistry

intrusive rock samples taken for this thesis study.
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Figure 1.3.12. Outcrop photograph of crosscutting andneimgling magmatic textures between the Thane
Creek diorite and hornblendite.

Figure 1.3.13. Rhythmic magmati layering ofthe Duckling Creek felsic and mafic syenite in outcrop.
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Figure 1.3.14. Outcrop photograph of the Osilinka suite leucocratic granite. Deformation in this lithology
is cryptic due to the lackfanafic minerds.

Figure 1.3.15. Outcrop photograph of the Mesilinka suiteféldspar porphyritic granite that is cut sharply
by a late granitic pegmatittyke. Black biotite defines a tectonic foliation in thef&dspar porphyritic
granite.
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1.3.2 Previous Work
1948 to 1954

The Hogem batholith are@as originallymappedoy Lord (1948), with the most recent
map updates to northern Hogem batholith by Ootes et al. (2019a,b, 20R0ejl{}L948)
identified the Hogem batholithspart ofthe Omineca intrusions arudiefly described the field
relationships and mineralogy of the main lithologies. Lord (1@48¥trained the relative age of
emplacement ahe Omineca intrusionfom late LowerJurassic tapper lLower Cretaceous
Armstrong (P49)identified the largest known body of the Omineca intrusions as the Hogem
batholith. It was inferred that Hogem batholith differentiated in place into a granodjaitge
core bordered by more mafic phases (Armstrong, 1949). Armstrodg)(3a@bdivided the
Duckling Creeksyenite suggestingt may be younger than the Hogem batholith. Roots (1954)
described the Hogem batholith as a composite intrusive body composed of many plutons, which
represent a prolonged period of magmatism. RooA(kividedthe batholith intdesser older

dmelanocratiérocks andna j or  ylemaocraji@acks.0
1968 to 1978

The BSc thesis dfoo (1968) on the geology and mineralization of the Lorraine deposit,
hosted by the Duckling Creek syenites of the Hogatholith proposed thathe syenites formed
by metasomatism of Hogem batholith diorites. A biotitdiKdate of 170+8Via (confidence
level not statedyvas thought to represent the minimum age of syenite crystallization and the
maximum age of mineralizatn (Koo, 1%8). Irvine (1971) reported a biotite Kr date of 122+6
( 2 B3 for a Hogem batholith granite sample. Irvine (1971) stated this was the first
geochronological date reported for the Hogem batholith and suggested the age was correlative

with geochronologyesults from the Cassiar batholith.

Garnett (1972) growgd the syenit phases into the Duckling Creek Syenite Complex and
described copper mineralization within this complex in southern Hogem batholith. Garnett
(1972) described two types of copper mingedlon in the Hogem area, with one found as
stringers vithin volcanic rocks at the Hogem batholiflakla Group contact zone, and the other

as disseminated sulphide minerals within the Duckling Creek Syenite Complex (Garnett, 1972).
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Woodsworth (1976) grqaed the Hogem batholith into four tectonic units witstidict
rock types and structural characteristics. The predominantly diorite to monzodiorite intrusive
body in eastern Hogem batholith was named the
westernHogem batholith, foliated, quartich, quartz monzodidte to granodiorites were
grouped as the O6Mesilinka plutond. Woodsworth
Mesilinka plutons as the oldest intrusive rocks in Hogem batholith. Woodsworth (1976)
determined the timing of magmatism of the Thane Creek aesilMka plutons to between
deposition of the Takla Group (Late Triassic) and emplacement of the Duckling Creek Syenite
Complex (Early JurassicThe PhD thesis dfleace (1977 describedithologiesand interpreted
geochemistry of th&@akla Group volcanicocks and intrusive rocks of the Germansen and

Hogem batholiths.

Garnett (1978) studied part thfe southern Hogem batholith and determined three distinct
phases of magmatism based onggédor onol ogy and geochemistry. P h
basicamdiidledgem granodioritebd and wasArconstrai
biotite and hornblende geochronology (Garnett, 1978). Phase 2 represents the Duckling Creek
syenite, with magpatism dated between 17745 and 170+8 M&(tbiotite and hornblende;
Garnett, 1978; Koo, 1968). Phase 3 includes leucocratic granites withr dikitite date of
112+4 Ma (Garnett, 1978).

1991 to 2005

Woodsworth et al. (1991) compared the Hogem bathtitither Quesnel terrane
intrusionsandcalled the leucocratic graniintrusions in Hogemth@ Os i | i nka st ocksd.
Osilinka stocks were correlated to the Cretaceous Cassiar batholith to thé-aottat al.

(21993) and Ferri (1997) mapped and destibtratigraphy of the Takla Group volcanics and
Lay Range assemblagarrounding the Hogem batholith ardaxon and Peatfield (2003)
described the geology and interpretedrttagmaticsetting of the Duckling Creek Syenite

Complexaroundthe Lorraine CvAu deposit.

Nelson et al. (2003) referred tcetleucocratic granitetpase as the Osilinka pluton.
Mortensen et al. (1995) determined a zircon TIMPlJage of 204.0£0.4 Ma on the CAT
monzonite of the Thane Creek plutdrablel1.3.21). Schiarizza and Tan (2005a,b) mapped part
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of northern Hogem battith and determined preliminary Early CretaceouPkJzircon and
titanite ages from the Mesilinka plut¢ca. 135 Ma)

2014 to Present

Devine et al. (2014) and Bath et al. (2014) studiedilnekling Creek Syenite Complex
hostedLorraine CuAu deposit inthe central Hogem batholitifrigure1.2.51). Isotopicages
reported in these studiesnstrained crystallization and mineralization ages within the Duckling
Creek ComplexTablel.3.21). Ootes et al. (2Pa,b, 2020a,b) updated and refined mapping in
northern Hogem batholith. Ootes et al. (2019a,b)divigled the plutons into Thane Creek,
Duckling Creek, Mesilinka, and Osilinka intrusive suites based on previous studies
(Woodsworth, 1976; Woodsworth et,a1991). Ootes et al. (2020b) determined preliminary U
Pb zircon and AWAr biotite, hornblende, and muscovite geochronoldiggb{e1.3.21). Ootes et
al. (2020c) and Jones et al. (2021) summarized new and previously unpublished
geochronological data from northern Hogem batholith and constrained the crystallization ages of
the four intrusive suites. A portion of the zircond8P-MS U-Pb data reported in Qzx et al.
(2020c) and Jones et al. (2021) were collected for this thedis (&ection 2.1.1).
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Table 1.3.21. Summary of previously published northern Hogem batholith minef@bland ArAr geochronology

modified after Table 1 from Jones et al. (2021). Ages are quoted at$6% (2uncer t ai nty. Bt :

zircon; hbl: hornblende.

Intrusive Suite Lithology Method Age (Ma) Source

Mesilinka Tonalite Ar-Ar (bt) 108+2 Jones et al(2021)

Mesilinka Tonalite Ar-Ar (bt) 11143 Jones et al. (2021)

Mesilinka Granodiorte Ar-Ar (bt) 123+2 Jones et al. (2021)

Mesilinka Equigranular granite TIMS UPb (ttn) 133.9+0.3 Jones et al. (2021)

Mesilinka Porphyritic granite  TIMS WPb (ttn)  134.5+0.3 Jones et al. (2021)

Mesilinka Porphyritic granite ~ TIMS UPb (zr) 135.0+0.3 Jones et al. (2021)

Duckling Creek ;/s;r:i.ténotltealblte- Ar-Ar (bt) 175.2+0.9 Devine et al. (2014)

Duckling Creek Leucosyenitelyke  TIMS WUPb (zr) 176.8+0.2 Devine et al. (2014)

Duckling Creek Syenite Ar-Ar (hbl) 17745 Jones et al. (2021)
Vein: biotite K-

Duckling @ek feldsparalbite- Ar-Ar (bt) 177.1£0.9 Devine et al. (2014)
magnetite

Duckling Creek Syenite TIMS WPb (zr) 177.3£0.4 Bath et al(2014)

Duckling Creek Pegmatitedyke TIMS WPb (zr) 177.6£0.2 Devine et al. (2014)

Duckling Creek Syenie TIMS WPb (zr) 178.4+0.3 Bath et al. (2014)
Pseudoleucite

Duckling Creek bearing feldspathic TIMS WUPb (zr) 178.4+0.3 Bath et al(2014)
pyroxenite

Duckling Creek S;eyrt]?t;"'ca"y l8YereC 1\\1s WPb (zr)  178.6£0.2 Bath et al. (2014)

Duckling Creek Syenite TIMS WPDb (zr) 178.7+0.3 Bath et al. (2014)
K-feldspar

Duckling Creek megacrystic TIMS WPDb (zr) 178.8+0.2 Devine et al(2014)
porphyry

Duckling Creek Eauigranular TIMS WPb (zr)  179.7¢2.5 Devine et al. (2014)
monzonite

Duckling Creek ~Nedraned, —1yc i ph zr)  180.240.3 Devine et al. (2014)
equigranular syenite

Duckling Creek Biotite pyroxenite  Ar-Ar (bt) 181.7+1.0 Devine et al. (2014)

Thane Creek Diorite Ar-Ar (hbl) 12442 Jones et al. (2021)

Thane Creek Diorite Ar-Ar (bt) 124+1 Jones et b (2021)

Thane Creek Diorite Ar-Ar (bt) 12612 Jones et al. (2021)

Thane Creek Diorite CATIMS WPb (zr) 196.6+0.9 Ootes etal. (2020b)

Thane Creek Hornblendite CATIMS WPb (zr) 197.6+0.1 Ootes et al. (2020b)

Thane Creek Rhonda Gabbro TIMS WPb (zr) 200.9+0.2 Bath et al. (2014)

Thane Creek  Quartz monzodiorite Ar-Ar (hbl) 20245 Jones et al. (2021)

Thane Creek  CATmonzonite TIMS WPb @) 204.0:0.4 'orensenetal.

(1995)
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1.4 Field Work and Sample Collection

Plutonic rock amples were collected overetlsourse of the 2018 and 2019 field seasons
with the British Columbia Geological Survey. This thesis makespgoteon of the larger
Hogem batholith study, which is a mutear regional bedrock mapping program in the northern
Hogem batholith and surrouimg) area (Ootes et al., 204,8,2020a,b). The samples collected
specifically for this thesis were obtained lret2019 field season over 3 days via helicopter, after
identifying the main lithologies and locations to be studied. These are supplemendetpbgss
collected during bedrock mappingin20lB€ not ed by sampl e names with
Figurel.3.11). This thesis focuses on the geochronology and isotopic tracing of the batholith
and hence geochronology samples takege Bepplement a much larger whole rock dataset
constructed in the 2018 and 2019 field seasons. The outcrop locations for geochronology
samples were chosen to represent the main intrusive suites within the Hogem batholith,
providing a representative distution across the mapping area to account forgmmchemical
heterogeneityAppendix AJ). Care was taken to ensure that the samples are as fresh as possible,
not showing evidence of extensive alteration or veirSamples were collected away from
porphyryrelated alteration, as this can significantly affect the geochemistry of samples.

1.5 Sanple Descriptions and Petrography

Hand sample and petrographic descriptiohsamples collected for whole rock and
mineral geobemistry are summarized beloBample locationare inAppendix A1 Complete

modal abundances and petrograptetails are ilAppendix A2

Thane Creeksuite
Hornblendite: 18lo221a

Hornblendite sample 18lo2Pa of theThane Creeluite is froml8.6 km soutksoutheast
of Mount Ferris Figure1.3.11). Therockis a coarsgraned to pegmatitic plagioclaggearing
hornblenditg Figure1.5.1A-B). Pegmatitic whitemphiboleplagioclase segregatios7%)are
interstitial topredominantly greemmphibole (~72%)Amphiboleis commonly overgrown by
brown or green biotite, with biotite making up ~10% of the sample. The sample cors#ins ~
magnetite that is interstitial to amphibole and is concentrated with accessory (it&)issnd

apatite(tracg. Coarse, subhedral accessory epid@%) occurs in pegmatitic plagioclase
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segregationgzuhedral, ~10@ 200um long zircon (trace) graingccur within patches of
intercumulus feldspar and epidoleace finegrained chalcopyrite is disseminated through the

sample.
Quartz diorite: 18l022-1d

Quartz diorite sample 18lo2d of theThane Creekuite is froml8.6 km south
southeast of Mount Fes, approximatelyd00 m east of hornblendite sample 18ld2dFigure
1.3.11). Therocki s a fAsal t a nglainpdegugranulayartzchaite Figune
1.51C-D). The rock is deformed and coims a moderate foliation defined by plagioclase,
biotite, and amphibole. The sample is mostly @égred plagioclase (65%), biotite (12%), and
amphibole (6%). Minoclay-altered alkali feldpar (7%) and quartz {2%) are preserand
interstitial to plagbclase. Accessory anhedral to subhedral;@ireened epidote, apatite,
magnetite, and zircaspatiallyoccur with biotite. Trace fingrained chalcopyrite is
disseminated through the sample.

Quartz diorite: 19GJ12-4

Quartz diorite sample 19GJ¥of theThane Creeluite is froml7.9 km eashortheast
of Notch PeakKigurel1.3.11). Therockis a white and black, mediugrained, equigranular
guartz diorite, and is composed of mostly plagioclase (~62%), with about 25% equal gxamts gr
amphiboles with corroded clinopyreme cores, and brown (metamorphic?) and green biotite
(Figure1l.51E-F). The sample contains minor quartz (~6%) and alkali feldspar (~7%), with
accessory magnetite, dje, titanite, zirconand epidote. Titanite occurs as rims on magnetite
grains. Euhedral, fingrained apatite (trace) are indedin feldspar, magnetite, and amphibole.
Epidote occurs as fingrained patches that occur with altered feldspar. Anhealalhedral,
fine-grainedmagnetite (1%garedisseminated throughout the sample asdalteration product
within amphibole. Zircon (trace) occurs as euhedral, ~50 tqui®@ng inclusions in amphibole
and clinopyroxene. Trace firgrained chalcopyritesidisseminated and ocsuas inclusions in

magnetite.
Quartz monzodiorite: 19GJ133

Quartz monzodiorite sample 19GJ3®f theThane Creekuite is from25.9 km

southeast of Notch Peakigure1.3.11). Therocki s a fdAsal t -aomediupmepper 0,
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grained, equigranular quartz monzodiorite, composed of ~40% euhedral plagioclase, ~30%
poikilitic alkali feldspar, and ~15% anhedral, straimpiartz(Figurel1.5.1G-H). Mafic minerals

make up ~10% of the sample, mainly subhedral alogbd (8%) with lesser biotite (2%).

Anhedral magnetite and titanite, and edtal apatite and zircon are accessory. Titanite occurs as

~1 mmpoikilitic grains and as fine rims on magnetite.
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Figure 1.5.1. Photomicrographs of Thane Creek suite intrusive rock samfg)éSample 18lo22a (PPL):
Intercumulus patch of plagioclase, epidote, and magnetite with chalcopyrite, surrounded by cumulate
amphibole in a hornblenditB) Crosspolarized image of sampl8lo22-1a.C) Sample 18lo22.d (PPL):
Intergrown altered plagioclase and amphibole, Vatiser quartz and-keldspar, and accessory apatite,
biotite, magnetite, and epidote in a quartz diofifeCrosspolarized image of 18l022d.E) Sample
19GJ124 (PR.): Relict clinopyroxene core surrounded by later amphibole with inclusions of apatite and
magnetite, and interstitial biotite, magnetite, and plagioclase in a quartz didi@eosspolarized image

of sample 19GJ}4. G) Sample 19GJ13 (PPL): intergrow plagioclase, Kfeldspar, myrmekitic quartz,
titanite, and amphibole, with apatite and magnetite inclusions in a quartz monzotipGwasspolarized
image of 19GJ13. Cpx: clinopyroxene, amph: amphibole, bt: biotite, mgt: magnetite, ap: apatite, plag
plagioclase, ep: epidote, cpy: chalcopyrite, kspafeldspar, ttn: titanite, gtz: quartz.

Duckling Creek suite
Syenite: 18l0252a

Syenite sample 18lo28a of theDuckling Creeksuite is from22.7 km southeast of
Notch PeakKFigure1.3.11). Therockis a pinkwhite, mediuragrained, equigranular syenite
(Figure1.52A-B). The sample consists of ~90% two alkali feldsparsgid Nabearing), with
lesser clinopyroxene (~5%). Magnet&o), titanite (1%), chlorite(1%), and zircon<1%)are
accessory mineral3itanite occurs as ~1 mm wide euhedral, weslgaped grains with

clinopyroxene.
Biotite clinopyroxenite: 19GJ131

Biotite clinopyroxenite sample 19GJ13of theDuckling Creeksuite isfrom 18.2km
soutleast ofNotch Peak Figurel.3.11). Therockis ablack mediumgrained, equigranular
clinopyroxenite Figure1.5.2C-D). The sample consists 082% cumulate clinopyroxenitevith
lessersubpoikilitic biotite (~10%), disseminated magnetite (~5%),teaxck anhedraimphibole
Apatite (~3%), titanite (<1%), and epidote (<1%) are accesfpatiteis bimodal anaccurs as
~0.1 to 2mm widesubhedral to anhedrahostly interstitial to cliopyroxene and as inclusions

in magnetite. The coarser grained apatite fraction is visible in hand sample.
Syenite: 19GJ132

Syenite sample 19GJ4Bof theDuckling Creeksuite is froml8.2km soutteast of Notch
Peak Figurel.3.11). Therockis a pinkwhite and greenisblack, coarserained, kfeldspar
phenocrystic syenitd=({gurel.5.2E-F). It is mostlymade up of >2cm longlkali feldspar
phenocryst$~85%). Muscovite (10%), epidote (2% )agnetite (1%), biotite (1%), and quartz
(trace) occur as fingrained intergrown patches interstitial teféddspar phenocrysts. Subhedral
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fine-grained titanite (trace) occurs with magnetite. Rare, disseminatedyréimed chalcopyrite

grains are spatlly associated with biotite inclusions withinf&ldspar.
Syenite: 19GJ134

Duckling Creeksuite syenite sample 19GJ343s from28.9 km southeast of Notch Peak
(Figurel.3.11). Therockis a pinkand greenisiblack mediumgrained,foliated syenite(Figure
1.52G-H). The sample consists 0f80% anhedral, clayaltered alkali feldspawith lesser
anhedratlinopyroxene (8%) and amphibole (~5%piotite (2%) occurs as fine grains along
clinopyroxene gren boundaries, has magnetite inclusions within cleavage, and is spatially
associated with chlorite (2%dYlagnetite(1%), muscovite (1%)apatite (1%,)epidote (trace),
and titanite (tracedre accessory mineralBubhedral magnetite is geneyalery finegrained
and disseminated throughout the sample and concentrated with other mafic minerals. Muscovite
is very finegrained and occurs with epidote, biotite, and chlorite.-Gnaéned euhedral apatite
and anhedral titanite are spatially ass@daind occuinterstitially to K-feldspar.

Syenite: 19GJ135a

Syenite sample 19GJ%& of theDuckling Creeksuite is from31.1 km southwest of
Notch PeakFigurel.3.11). The sample was collected next to the SlideXOwyporphyry
prospect, and 7 m south of a grab sample with chalcopyrite that yielded 0.07 wt.% Cu ¢(19GJ13
5b; Ootes et al., 2020b). Theckis apink-white and greenisblack, mediurgrained,
equigranular syenit@-igure1.5.21-J). It contains l&ali feldspar (~70%), with lesser amphibole
(9%), dagioclase (8%), and clinopyroxene (5%). Biotite, chlorite, and magnetite combine to
make up ~5% of the sample, Nefine-grained apatite, titanite, epidote, and zirconteaee
(<1%) accessory mineral€halcopyrite occurs as rare fine, disseminatethgrand may be
rimmed by titanite
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