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Abstract 

The Cordilleran orogen of western Canada is a type example of accretionary tectonism 

and thus an ideal location to study continental growth by oceanic and continental arc magmatism 

and terrane accretion. Cordilleran Intermontane terranes are interpreted as accreted oceanic arcs 

that contributed significant crustal material to the western North American margin during the 

Mesozoic; however, uncertainties regarding the pre-accretionary history and basement of these 

terranes hinder understanding the relative roles of new juvenile crust and reworked crust in the 

building of this major orogeny. An improved understanding of these issues also has broader 

implications for models of Phanerozoic juvenile crustal growth and accretionary tectonics. The 

Hogem batholith in north-central Quesnel terrane, British Columbia comprises Triassic to 

Cretaceous-aged intrusions. It provides a natural laboratory to better understand the magma 

sources, nature and antiquity of the batholith, the basement to the Quesnel terrane, and the 

tectonic history in this area through time. 

This study presents new combined zircon U-Pb/Hf, ŭ18O and trace element data for 13 

intrusive plutonic rocks from the Hogem batholith, supplemented by apatite and titanite U-

Pb+Sm-Nd and whole rock major oxide and trace element geochemical data. New zircon U-Pb 

dates coincide with previous geochronology results and expand the crystallization age range of 

four intrusive suites, from 206.8±0.9 to 127.1±1.6 Ma, revealing the batholithôs composite and 

protracted 80-million-year magmatic history. Notably, the age range of the Mesilinka intrusive 

suite, 135.4±0.9 to 127.1±1.6 Ma, corresponds with a period otherwise marked by magmatic 

quiescence across the Cordillera. The crystallization ages of the Thane Creek (207 to 194 Ma) 

and Duckling Creek (182 to 174 Ma) intrusive suites overlap with prolific periods of porphyry 

Cu±Au-Mo mineralization in the Canadian Cordillera. Zircon trace element geochemistry results 
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(Eu/EuN*  Ó0.4, Ce/CeC*  >100, ȹFMQ >0) suggest zircon crystallized in oxidized and hydrous 

magma conditions at near-solidus temperatures (750 to 650°C), which indicates potentially 

favourable magma conditions for porphyry mineralization in the Thane and Duckling Creek 

suites. Zircon Hf-O isotope results are consistent with a predominantly juvenile, mantle-derived 

source for the pre- to syn-accretionary Thane Creek and Duckling Creek suites. Xenocrystic 

zircons from the post-accretionary Osilinka suite (ca. 160 Ma) reveal an inherited juvenile Hf-O 

signature from the melt source, while zircon Hf-O results from the Mesilinka suite (135 to 127 

Ma) suggest a mix of juvenile mantle- and recycled supracrustal-derived magma sources. There 

is no indication that the magmas that formed the Hogem batholith experienced significant 

interaction with ancient North American continental basement.  

Overall, the generally juvenile Hf-O signatures of zircon from plutonic rocks studied here 

contrast with previous isotope studies of plutonic rocks in southern and northern Quesnellia and 

suggest disparate basement compositions and accretionary styles across the Quesnel terrane 

during the Mesozoic. These findings form the basis of a model for the production and 

preservation of juvenile crust in the Quesnellia arc, which supports the overall trend to juvenile 

Hf isotope compositions in Phanerozoic circum-Pacific accretionary belts. This model may be 

applied to better understanding juvenile crustal growth and orogen-craton interactions in other 

accreted terranes in the North American Cordillera as well as within global Phanerozoic 

accretionary orogens. 
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1 Introducti on 

1.1  Geologic Background and Thesis Objectives 

The Canadian Cordillera is a type example of major Phanerozoic accretionary orogenesis 

and provides an opportunity to study continental growth via terrane accretion and arc magmatism 

(Cawood et al., 2009). During the Mesozoic, western North America experienced extensive 

magmatic activity, which stitched together accreted terranes and formed the plutonic hosts to 

Cu±Au-Mo-Ag porphyry mineralization in British Columbia, Yukon, and Alaska. Characterizing 

the non-mineralized, background magmatic phases is key to better understanding the 

petrogenesis of these porphyry-hosting intrusions, as alteration haloes enveloping porphyry 

deposits may significantly affect whole rock and mineral chemistry interpretations.  

The Hogem batholith is located in north-central British Columbia, within the Quesnel 

terrane of the Canadian Cordillera (Figure 1.1.1). Mapping and geochemical studies of the 

Hogem batholith and the surrounding geology have improved knowledge of field 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 uncertainty about the nature, antiquity and longevity of magmatism, 

the tectonic evolution of the batholith, and the relationship of these parameters to potential 

mineralization. 
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Figure 1.1.1. Terrane map of the Canadian Cordillera, northwestern United States, and eastern Alaska, 

modified after Colpron and Nelson (2020). The black square indicates the location of this thesis study area. 
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This study aims to address the lack of modern isotopic and trace element data for the 

plutonic rocks of the Hogem batholith and to better understand the magmatic phases within four 

mappable intrusive suites identified in the northern Hogem batholith, through: 

¶ Characterization of the intrusive suites using whole rock major oxide and trace 

element geochemistry. 

¶ Interpretation of magmatic crystallization ages using igneous zircon and titanite 

laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS) U-Pb 

geochronology. 

¶ Estimation of the relative crust and mantle contributions to Hogem batholith 

magmas using combined zircon LA-ICP-MS Lu-Hf and secondary ion mass 

spectrometry (SIMS) oxygen-isotope (ŭ18O) data. 

¶ Comparison of zircon tracer isotope (Lu-Hf, ŭ18O) geochemistry results to Quesnel 

terrane basement, Yukon Tanana terrane, and Paleoproterozoic North America 

(Hottah terrane) detrital zircon geochemistry data to evaluate whether ancient crust 

was involved in Hogem batholith magmatism. 

¶ Determination of the temporal evolution and petrogenesis of the Hogem batholith, 

and possible implications for juvenile crust formation and Phanerozoic accretionary 

tectonic models. 

¶ Estimation of relative magma temperatures, oxygen fugacities, and fluid contents 

using zircon trace element concentrations, and the implication of these factors for 

the mineralization potential of the magmas.  

1.2   Regional Geology and Previous Work 

1.2.1 Canadian Cordillera Geology 

The Cordilleran orogen of western Canada has a protracted evolution that spans from the 

Paleoproterozoic to present. Many works have synthesized the tectonic history and structural 

framework of the Canadian Cordillera (e.g., Monger, 1977; Jones et al., 1977; Davis et al., 1978; 

Coney et al., 1980; Monger et al., 1982; Jones et al., 1983; Wheeler et al., 1991; Mihalynuk et 

al., 1994; Monger and Price, 2002; Evenchick et al., 2005; Nelson and Colpron, 2007; Colpron et 

al., 2007; Evenchick et al., 2007; Johnston, 2008; Nelson et al., 2013). These works are partially 
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summarized here in relation to the formation of the Intermontane superterrane, Quesnel terrane, 

and host rocks to the Hogem batholith. 

Rifting and break-up of ancestral North America (Laurentia) from Rodinia from ca. 750 

to 540 Ma led to the opening of the proto-Pacific Ocean (Panthalassa; Monger and Price, 2002). 

Beginning in the Middle Devonian, a convergent boundary formed in eastern Panthalassa, 

outboard of the western Laurentian margin. Chains of volcanic island arcs developed above an 

eastward-dipping subduction zone and were separated from Laurentia by the Slide Mountain 

Ocean (Figure 1.2.1.1; Monger and Price, 2002; Nelson et al. 2013). 

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 the western Laurentian 

margin, which formed discrete, fault-bounded terranes (Figures 1.2.1.2 and 1.2.1.3; 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 may extend as far 

west as the exposed Cache Creek terrane in the northern Canadian Cordillera and to the Fraser 

Fault in the southern Canadian Cordillera (Cook et al., 2004; Clowes et al., 2005; Evenchick et 

al., 2007; Nelson et al., 2013). 

  

Figure 1.2.1.1. Reconstruction of the accreted terranes during the Late Carboniferous to Early Permian, 

prior to closure of the Slide Mountain Ocean and accretion onto the western Laurentian continental margin. 

Modified after Nelson et al. (2013), based on Belasky and Stevens (2006), Bradley et al. (2003), Nokleberg 

et al. (2005), and Malkowski and Hampton (2014). AX=Alexander terrane, WR=Wrangellia, 

F/M=Farewell/Mystic terrane, ST=Stikine terrane, YT=Yukon-Tanana terrane, QN=Quesnel terrane, 

OK=Okanagan subterrane, EK=Eastern Klamaths, NS=Northern Sierras, OM=Omulevka Ridge. 
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Figure 1.2.1.2. Plate and Cordilleran 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. 

 

Figure 1.2.1.3. 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) 

margin was complete by this time. 
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1.2.2 Development of the Intermontane terranes 

The Intermontane superterrane is made up by the Stikine (Stikinia), Quesnel (Quesnellia), 

Cache Creek, and Yukon-Tanana terranes (Figure 1.2.2.1; Monger et al., 1982; Rusmore et al., 

1988). It has been proposed these terranes were volcanic island arcs originally built upon rifted 

craton or pericratonic fragments, which were separated from one another by an ocean or back-arc 

that formed the Cache Creek terrane (Colpron et al., 2006; Nelson et al., 2006; Colpron et al., 

2007; Zagorevski, 2015). Some suggest these Intermontane island arcs were amalgamated and 

evolved together, prior to accretion (Monger et al., 1982; Colpron et al., 2007), while others cite 

evidence that the individual arcs were accreted separately and simultaneously across the 

continental margin (Mortimer, 1986; Cordey et al., 1987; Rusmore et al., 1988). By the Middle 

Jurassic (ca. 174 Ma), accretion of the Intermontane superterrane onto the western North 

American continental margin was essentially complete, however, minor syn-accretion related 

magmatism continued until ~160 Ma (Nelson et al., 2013; Monger, 2014). Across the Cordillera, 

magmatism during the period 155 to 125 Ma was rare, representing a post-accretionary setting in 

the Intermontane terranes (Armstrong, 1988). 
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Figure 1.2.2.1. Terrane and superterrane configurations within the North American Cordillera at present, 

modified after Clennett et al. (2020). The white square represents this thesis study area within the 

Intermontane superterrane (purple). Other terranes and superterranes include: Angayucham (red), Insular 

(orange), Guerrero (yellow), Western Jurassic belt (dark orange), North America (dark blue), Farallon 

(green), and Kula (pink). 

1.2.3 Quesnel terrane background 

Quesnel terrane forms discontinuous exposures spanning from north-central Washington 

state to south-central Yukon (Figure 1.1.1). It is exposed between Cache Creek and Stikine 

terranes to the west, and Slide Mountain terrane and pericratonic sedimentary rocks to the east 

(Monger et al., 1991; Wheeler et al., 1991; Schiarizza, 2019). Two major stratigraphic divisions 

make up Quesnel terrane: upper Paleozoic volcanic and sedimentary strata and lower to middle 

Mesozoic volcanic and sedimentary strata with temporally associated plutonic rocks (Monger et 

al., 1991). 
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1.2.4 Quesnel terrane basement 

Upper Paleozoic strata comprise the basement to Quesnel terrane, including the 

Mississippian to Permian Lay Range assemblage in north-central Quesnel terrane, which is 

correlative to 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 

assemblage consists of two main stratigraphic units, a lower sedimentary and upper mafic tuff 

division. The lower sedimentary division comprises Middle Mississippian to Middle 

Pennsylvanian chert, tuff, carbonate, and clastic sedimentary rocks (Ferri et al., 1993; Ferri, 

1997). These sedimentary rocks are unconformably overlain by the Permian upper mafic tuff 

division, consisting of tuff, agglomerate, and mafic volcanic flows (Ferri et al., 1993; Ferri, 

1997). The Lay Range assemblage is exposed on the eastern edge of north-central Quesnel 

terrane, while correlative rocks of the Nina Creek Group, which are assigned to Slide Mountain 

terrane, extend further south. This strip of Lay Range assemblage and Nina Creek Group 

Paleozoic rocks extends over 200 km along strike of the Cordillera and separates Mesozoic 

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

1.2.5 Quesnel Terrane Mesozoic Rocks 

An angular unconformity divides Paleozoic basement rocks from overlying Mesozoic 

strata in Quesnellia (Read and Okulitch, 1977). The lower Mesozoic volcano-sedimentary strata 

mostly consist of the upper Triassic to lower Jurassic Nicola Group in the southern Quesnel 

terrane, which is temporally, lithologically, and geochemically correlated to the Takla Group in 

north-central Quesnel terrane (Monger et al., 1991). The Nicola and Takla Groups are 

predominantly expressed as clinopyroxene- and feldspar-phyric basalts with inter-bedded 

volcanogenic sandstones and argillites (Monger et al., 1991; Dostal et al., 2009).  

The Takla Group is also present in the more outboard Stikine terrane and is separated 

from the Quesnel Takla Group by dextral strike-slip faults or high-pressure accretionary complex 

rocks of the Cache Creek terrane (Lord, 1948; Dostal et al., 2009). The Nicola and Takla Group 

volcano-sedimentary 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). Dostal et al. (2009) inferred 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, stratigraphy, and Nd and Sr 

isotopic compositions (Dostal et al., 2009).  

Quesnellia and Stikinia volcanic and sedimentary strata were intruded by co-magmatic 

Late Triassic to Early Jurassic calc-alkaline and alkaline plutons (Monger et al., 1991; Logan and 

Mihalynuk, 2014). These plutons represent an important period of magmatism in the Canadian 

Cordillera, as they are major hosts to porphyry Cu±Au-Mo-Ag mineralization in British 

Columbia (Figure 1.2.5.1) and Yukon (e.g., Guichon, Iron Mask, Copper Mountain, Texas 

Creek, and Granite Mountain batholiths; Christopher and Carter, 1976; Armstrong, 1988). Most 

of the Quesnel-Stikine terrane porphyry mineralization occurred within a 15-million-year period, 

and approximately 90% of known mineralization occurred from approximately 208 to 202 Ma 

(Logan and Mihalynuk, 2014). 

 

Figure 1.2.5.1. Geographic distribution of the Quesnel terrane and major Triassic-Jurassic porphyry 

deposits in British Columbia. Pink triangles are select Quesnel terrane-hosted porphyry deposits. Grey 

triangles are select Stikine terrane-hosted porphyry deposits. The northern Hogem batholith is highlighted 

in pink and the study area is indicated by the red square. Geology from BC Geological Survey (2020).  
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1.2.6 Relationship of Quesnel terrane with Yukon-Tanana and Stikine terranes 

Several authors have proposed that Quesnellia and Stikinia share a genetic history 

because of the lithological, geochemical, and age similarities between the volcano-sedimentary 

rocks (Lord, 1948; Church, 1975; Monger, 1977; Monger and Church, 1977; Dostal et al., 2009). 

Additionally, the Asitka Group basement rocks underlying the Takla Group in Stikinia are 

similar in age, stratigraphy, and geochemistry to the upper Lay Range assemblage in Quesnellia 

and suggest the two terranes may share a basement (Dostal et al., 2009). A similar relationship 

exists between Quesnellia and the Yukon-Tanana terrane (YTT). Close correspondence in 

stratigraphy, age, and geochemistry between the Lay Range assemblage (and Harper Ranch 

Group) and the Late Mississippian to Early Permian Klinkit assemblage in the YTT support a 

shared pre-accretionary history between the two terranes (Simard et al., 2003; Colpron et al., 

2007). Late Triassic to Early Jurassic plutonic suites intruded and crosscut the boundaries of 

Quesnellia, Stikinia, and YTT, implying the Intermontane terranes were amalgamated by the 

time of this intrusive event (Nelson and Friedman, 2004; Colpron et al., 2007). 

Several tectonic models attempt to explain the affiliation of Quesnellia, Stikinia, and 

YTT. One model involves the development of a single arc that was later offset by strike-slip 

faulting (Wernicke and Klepacki, 1988; Beck, 1991, 1992; Irving et al., 1996). Another involves 

large-scale thrusting, imbrication, and synformal folding of the accreted terranes onto the 

continental margin (Samson et al., 1991; Gehrels et al., 1991; Dostal et al., 2009). Others have 

suggested a model of syn-collisional oroclinal bending of the YTT around Quesnellia, Stikinia, 

and Cache Creek terrane (Nelson and Mihalynuk, 1993; Mihalynuk et al., 1994; Nelson et al., 

2006). Johnston (2008) suggested that the Intermontane terranes, in part, constituted an exotic 

composite ribbon continent that experienced oroclinal bending in the Late Cretaceous during 

collision with autochthonous North America. 

1.3  Hogem Batholith Geology and Previous Work 

1.3.1 Geology 

The Hogem batholith is made up of Triassic to Cretaceous-aged intrusions within 

Quesnel terrane in north-central British Columbia (Figure 1.1.1). These intrusions consist of 

calc-alkalic to alkalic plutonic rocks that were emplaced into upper Triassic Takla Group 
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volcano-sedimentary strata, which are exposed to the north and east of the Hogem batholith 

(Figure 1.3.1.1; Garnett, 1972). To the west, the Hogem batholith is juxtaposed against Stikine 

and Cache Creek terranes along the Pinchi-Ingenika dextral strike-slip fault system (Figure 

1.3.1.1; Garnett, 1972). Lay Range assemblage basement is exposed to the northeast of Hogem 

batholith and Takla Group rocks (not shown on map).  

Four petrologically distinct intrusive suites sub-divide the Hogem batholith (Figure 

1.3.1.1). From oldest to youngest, these are the Thane Creek, Duckling Creek, 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 monzodiorite, which 

crosscut and co-mingled with minor hornblendite (Figure 1.3.1.2). Rocks of the Thane Creek 

suite vary from undeformed to strongly deformed and locally mylonitic (Ootes et al., 2019b). 

Mineralization is variably present as disseminated copper-sulphides and rare veinlets, with blue-

green copper staining in outcrop. Copper sulphide minerals occur in both the dioritic and 

hornblendite phases. 

The Duckling Creek suite is made up of syenites to monzonites, which intruded older 

biotite clinopyroxenite. Rhythmic magmatic layering visible in outcrop separates felsic syenites 

from mafic, biotite- and clinopyroxenite-rich syenites (Figure 1.3.1.3). In northern Hogem 

batholith, these rocks are weakly deformed (Ootes et al., 2019b, 2020a,b); however, in the south 

and more proximal to the Lorraine Cu-Au deposit (Figure 1.2.5.1), Duckling Creek rocks are 

moderately to strongly deformed (e.g., Devine et al., 2014). Mineralization of the Duckling 

Creek suite typically occurs as disseminated, porphyry-style copper-sulphides, with copper 

staining visible in outcrop. 

Leucocratic, medium-grained granites comprise the Osilinka suite (Figure 1.3.1.4), which 

are crosscut by feldspar porphyry dykes. Osilinka granites have low mafic mineral contents 

(<5%), which makes deformation in these rocks cryptic; however, cross-cutting mafic dykes 

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

Four intrusive phases are recognized in the Mesilinka suite. These include older tonalite 

and granodiorite phases, which were intruded by equigranular granite and K-feldspar porphyritic 

granite phases (Figure 1.3.1.5). All the Mesilinka suite phases have a foliation defined by biotite 
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(Ootes et al., 2019b, 2020a,b). Younger pegmatite dykes cross-cut the Mesilinka suite intrusions 

(Figure 1.3.1.5). 
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Figure 1.3.1.1. Bedrock geology 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 1.3.1.2. Outcrop photograph of crosscutting and co-mingling magmatic textures between the Thane 

Creek diorite and hornblendite. 

 

 

Figure 1.3.1.3. Rhythmic magmatic layering of the Duckling Creek felsic and mafic syenite in outcrop. 
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Figure 1.3.1.4. Outcrop photograph of the Osilinka suite leucocratic granite. Deformation in this lithology 

is cryptic due to the lack of mafic minerals. 

 

 

Figure 1.3.1.5. Outcrop photograph of the Mesilinka suite K-feldspar porphyritic granite that is cut sharply 

by a late granitic pegmatite dyke. Black biotite defines a tectonic foliation in the K-feldspar porphyritic 

granite. 
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1.3.2 Previous Work 

1948 to 1954 

The Hogem batholith area was originally mapped by Lord (1948), with the most recent 

map updates to northern Hogem batholith by Ootes et al. (2019a,b, 2020a,b). Lord (1948) 

identified the Hogem batholith as part of the Omineca intrusions and briefly described the field 

relationships and mineralogy of the main lithologies. Lord (1948) constrained the relative age of 

emplacement of the Omineca intrusions from late Lower Jurassic to upper Lower Cretaceous. 

Armstrong (1949) identified the largest known body of the Omineca intrusions as the Hogem 

batholith. It was inferred that Hogem batholith differentiated in place into a granodiorite-granite 

core bordered by more mafic phases (Armstrong, 1949). Armstrong (1949) sub-divided the 

Duckling Creek syenite, suggesting it 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. Roots (1954) divided the batholith into lesser older 

ómelanocraticô rocks and major younger óleucocraticô rocks.  

1968 to 1978 

The BSc thesis of Koo (1968) on the geology and mineralization of the Lorraine deposit, 

hosted by the Duckling Creek syenites of the Hogem batholith, proposed that the syenites formed 

by metasomatism of Hogem batholith diorites. A biotite K-Ar date of 170±8 Ma (confidence 

level not stated) was thought to represent the minimum age of syenite crystallization and the 

maximum age of mineralization (Koo, 1968). Irvine (1971) reported a biotite K-Ar date of 122±6 

(2ů) Ma 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 geochronology results from the Cassiar batholith.  

Garnett (1972) grouped the syenitic 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 mineralization in the Hogem area, with one found as 

stringers within volcanic rocks at the Hogem batholith-Takla Group contact zone, and the other 

as disseminated sulphide minerals within the Duckling Creek Syenite Complex (Garnett, 1972).  
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Woodsworth (1976) grouped the Hogem batholith into four tectonic units with distinct 

rock types and structural characteristics. The predominantly diorite to monzodiorite intrusive 

body in eastern Hogem batholith was named the óThane Creek plutonô (Woodsworth, 1976). In 

western Hogem batholith, foliated, quartz-rich, quartz monzodiorite to granodiorites were 

grouped as the óMesilinka plutonô. Woodsworth (1976) interpreted the Thane Creek and 

Mesilinka plutons as the oldest intrusive rocks in Hogem batholith. Woodsworth (1976) 

determined the timing of magmatism of the Thane Creek and Mesilinka plutons to between 

deposition of the Takla Group (Late Triassic) and emplacement of the Duckling Creek Syenite 

Complex (Early Jurassic). The PhD thesis of Meade (1977) described lithologies and interpreted 

geochemistry of the Takla Group volcanic rocks and intrusive rocks of the Germansen and 

Hogem batholiths. 

Garnett (1978) studied part of the southern Hogem batholith and determined three distinct 

phases of magmatism based on geochronology and geochemistry. Phase 1 includes the óHogem 

basic suiteô and óHogem granodioriteô and was constrained to 203Ñ9 to 175Ñ5 Ma using K-Ar 

biotite and hornblende geochronology (Garnett, 1978). Phase 2 represents the Duckling Creek 

syenite, with magmatism dated between 177±5 and 170±8 Ma (K-Ar biotite and hornblende; 

Garnett, 1978; Koo, 1968). Phase 3 includes leucocratic granites with a K-Ar biotite date of 

112±4 Ma (Garnett, 1978).  

1991 to 2005 

Woodsworth et al. (1991) compared the Hogem batholith to other Quesnel terrane 

intrusions and called the leucocratic granite intrusions in Hogem the óOsilinka stocksô. The 

Osilinka stocks were correlated to the Cretaceous Cassiar batholith to the north. Ferri et al. 

(1993) and Ferri (1997) mapped and described stratigraphy of the Takla Group volcanics and 

Lay Range assemblage surrounding the Hogem batholith area. Nixon and Peatfield (2003) 

described the geology and interpreted the magmatic setting of the Duckling Creek Syenite 

Complex around the Lorraine Cu-Au deposit. 

Nelson et al. (2003) referred to the leucocratic granite phase as the Osilinka pluton. 

Mortensen et al. (1995) determined a zircon TIMS U-Pb age of 204.0±0.4 Ma on the CAT 

monzonite of the Thane Creek pluton (Table 1.3.2.1). Schiarizza and Tan (2005a,b) mapped part 
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of northern Hogem batholith and determined preliminary Early Cretaceous U-Pb zircon and 

titanite ages from the Mesilinka pluton (ca. 135 Ma).   

2014 to Present 

Devine et al. (2014) and Bath et al. (2014) studied the Duckling Creek Syenite Complex-

hosted Lorraine Cu-Au deposit in the central Hogem batholith (Figure 1.2.5.1). Isotopic ages 

reported in these studies constrained crystallization and mineralization ages within the Duckling 

Creek Complex (Table 1.3.2.1). Ootes et al. (2019a,b, 2020a,b) updated and refined mapping in 

northern Hogem batholith. Ootes et al. (2019a,b) sub-divided the plutons into Thane Creek, 

Duckling Creek, Mesilinka, and Osilinka intrusive suites based on previous studies 

(Woodsworth, 1976; Woodsworth et al., 1991). Ootes et al. (2020b) determined preliminary U-

Pb zircon and Ar-Ar biotite, hornblende, and muscovite geochronology (Table 1.3.2.1). 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 zircon LA-ICP-MS U-Pb data reported in Ootes et al. 

(2020c) and Jones et al. (2021) were collected for this thesis study (section 3.2.1.1).  
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Table 1.3.2.1. Summary of previously published northern Hogem batholith mineral U-Pb and Ar-Ar geochronology, 

modified after Table 1 from Jones et al. (2021). Ages are quoted at 95% (2ů) uncertainty. Bt: biotite; ttn: titanite; zr: 

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) 111±3 Jones et al. (2021) 
Mesilinka Granodiorite Ar-Ar (bt) 123±2 Jones et al. (2021) 
Mesilinka Equigranular granite TIMS U-Pb (ttn) 133.9±0.3 Jones et al. (2021) 
Mesilinka Porphyritic granite TIMS U-Pb (ttn) 134.5±0.3 Jones et al. (2021) 
Mesilinka Porphyritic granite TIMS U-Pb (zr) 135.0±0.3 Jones et al. (2021) 

Duckling Creek 
Vein: biotite-albite-
apatite 

Ar-Ar (bt) 175.2±0.9 Devine et al. (2014) 

Duckling Creek Leucosyenite dyke TIMS U-Pb (zr) 176.8±0.2 Devine et al. (2014) 
Duckling Creek Syenite Ar-Ar (hbl) 177±5 Jones et al. (2021) 

Duckling Creek 
Vein: biotite-K-
feldspar-albite-
magnetite 

Ar-Ar (bt) 177.1±0.9 Devine et al. (2014) 

Duckling Creek Syenite TIMS U-Pb (zr) 177.3±0.4 Bath et al. (2014) 
Duckling Creek Pegmatite dyke TIMS U-Pb (zr) 177.6±0.2 Devine et al. (2014) 
Duckling Creek Syenite TIMS U-Pb (zr) 178.4±0.3 Bath et al. (2014) 

Duckling Creek 
Pseudoleucite 
bearing feldspathic 
pyroxenite 

TIMS U-Pb (zr) 178.4±0.3 Bath et al. (2014) 

Duckling Creek 
Rhythmically layered 
syenite 

TIMS U-Pb (zr) 178.6±0.2 Bath et al. (2014) 

Duckling Creek Syenite TIMS U-Pb (zr) 178.7±0.3 Bath et al. (2014) 

Duckling Creek 
K-feldspar 
megacrystic 
porphyry 

TIMS U-Pb (zr) 178.8±0.2 Devine et al. (2014) 

Duckling Creek 
Equigranular 
monzonite 

TIMS U-Pb (zr) 179.7±2.5 Devine et al. (2014) 

Duckling Creek 
Fine-grained, 
equigranular syenite 

TIMS U-Pb (zr) 180.2±0.3 Devine et al. (2014) 

Duckling Creek Biotite pyroxenite Ar-Ar (bt) 181.7±1.0 Devine et al. (2014) 
Thane Creek Diorite Ar-Ar (hbl) 124±2 Jones et al. (2021) 
Thane Creek Diorite Ar-Ar (bt) 124±1 Jones et al. (2021) 
Thane Creek Diorite Ar-Ar (bt) 126±2 Jones et al. (2021) 
Thane Creek Diorite CA-TIMS U-Pb (zr) 196.6±0.9 Ootes et al. (2020b) 
Thane Creek Hornblendite CA-TIMS U-Pb (zr) 197.6±0.1 Ootes et al. (2020b) 
Thane Creek Rhonda Gabbro TIMS U-Pb (zr) 200.9±0.2 Bath et al. (2014) 
Thane Creek Quartz monzodiorite Ar-Ar (hbl) 202±5  Jones et al. (2021) 

Thane Creek CAT monzonite TIMS U-Pb (zr) 204.0±0.4 
Mortensen et al. 
(1995) 
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1.4  Field Work and Sample Collection 

Plutonic rock samples were collected over the course of the 2018 and 2019 field seasons 

with the British Columbia Geological Survey. This thesis makes up a portion of the larger 

Hogem batholith study, which is a multi-year regional bedrock mapping program in the northern 

Hogem batholith and surrounding area (Ootes et al., 2019a,b, 2020a,b). The samples collected 

specifically for this thesis were obtained in the 2019 field season over 3 days via helicopter, after 

identifying the main lithologies and locations to be studied. These are supplemented by samples 

collected during bedrock mapping in 2018 (denoted by sample names with the prefix ó18ô; 

Figure 1.3.1.1). This thesis focuses on the geochronology and isotopic tracing of the batholith 

and hence geochronology samples taken here supplement 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 distribution across the mapping area to account for any geochemical 

heterogeneity (Appendix A1). Care was taken to ensure that the samples are as fresh as possible, 

not showing evidence of extensive alteration or veining. Samples were collected away from 

porphyry-related alteration, as this can significantly affect the geochemistry of samples.  

1.5  Sample Descriptions and Petrography 

Hand sample and petrographic descriptions of samples collected for whole rock and 

mineral geochemistry are summarized below. Sample locations are in Appendix A1. Complete 

modal abundances and petrographic details are in Appendix A2. 

Thane Creek suite 

Hornblendite: 18lo22-1a 

Hornblendite sample 18lo22-1a of the Thane Creek suite is from 18.6 km south-southeast 

of Mount Ferris (Figure 1.3.1.1). The rock is a coarse-grained to pegmatitic plagioclase-bearing 

hornblendite (Figure 1.5.1A-B). Pegmatitic white amphibole-plagioclase segregations (~7%) are 

interstitial to predominantly green amphibole (~72%). Amphibole is commonly overgrown by 

brown or green biotite, with biotite making up ~10% of the sample. The sample contains ~5% 

magnetite that is interstitial to amphibole and is concentrated with accessory titanite (1%) and 

apatite (trace). Coarse, subhedral accessory epidote (2%) occurs in pegmatitic plagioclase 
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segregations. Euhedral, ~100 to 200 µm long zircon (trace) grains occur within patches of 

intercumulus feldspar and epidote. Trace fine-grained chalcopyrite is disseminated through the 

sample.  

Quartz diorite: 18lo22-1d 

Quartz diorite sample 18lo22-1d of the Thane Creek suite is from 18.6 km south-

southeast of Mount Ferris, approximately 100 m east of hornblendite sample 18lo22-1a (Figure 

1.3.1.1). The rock is a ñsalt and pepperò, medium-grained equigranular quartz diorite (Figure 

1.5.1C-D). The rock is deformed and contains a moderate foliation defined by plagioclase, 

biotite, and amphibole. The sample is mostly clay-altered plagioclase (65%), biotite (12%), and 

amphibole (6%). Minor clay-altered alkali feldspar (7%) and quartz (1-2%) are present and 

interstitial to plagioclase. Accessory anhedral to subhedral, fine-grained epidote, apatite, 

magnetite, and zircon spatially occur with biotite. Trace fine-grained chalcopyrite is 

disseminated through the sample. 

Quartz diorite: 19GJ12-4 

Quartz diorite sample 19GJ12-4 of the Thane Creek suite is from 17.9 km east-northeast 

of Notch Peak (Figure 1.3.1.1). The rock is a white and black, medium-grained, equigranular 

quartz diorite, and is composed of mostly plagioclase (~62%), with about 25% equal parts green 

amphiboles with corroded clinopyroxene cores, and brown (metamorphic?) and green biotite 

(Figure 1.5.1E-F). The sample contains minor quartz (~6%) and alkali feldspar (~7%), with 

accessory magnetite, apatite, titanite, zircon, and epidote. Titanite occurs as rims on magnetite 

grains. Euhedral, fine-grained apatite (trace) are included in feldspar, magnetite, and amphibole. 

Epidote occurs as fine-grained patches that occur with altered feldspar. Anhedral to euhedral, 

fine-grained magnetite (1%) are disseminated throughout the sample and as an alteration product 

within amphibole. Zircon (trace) occurs as euhedral, ~50 to 100 µm long inclusions in amphibole 

and clinopyroxene. Trace fine-grained chalcopyrite is disseminated and occurs as inclusions in 

magnetite. 

Quartz monzodiorite: 19GJ13-3  

Quartz monzodiorite sample 19GJ13-3 of the Thane Creek suite is from 25.9 km 

southeast of Notch Peak (Figure 1.3.1.1). The rock is a ñsalt and pepperò, fine- to medium-
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grained, equigranular quartz monzodiorite, composed of ~40% euhedral plagioclase, ~30% 

poikilitic alkali feldspar, and ~15% anhedral, strained quartz (Figure 1.5.1G-H). Mafic minerals 

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

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

~1 mm poikilitic grains and as fine rims on magnetite.  
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Figure 1.5.1. Photomicrographs of Thane Creek suite intrusive rock samples: A) Sample 18lo22-1a (PPL): 

Intercumulus patch of plagioclase, epidote, and magnetite with chalcopyrite, surrounded by cumulate 

amphibole in a hornblendite. B) Cross-polarized image of sample 18lo22-1a. C) Sample 18lo22-1d (PPL): 

Intergrown altered plagioclase and amphibole, with lesser quartz and K-feldspar, and accessory apatite, 

biotite, magnetite, and epidote in a quartz diorite. D) Cross-polarized image of 18lo22-1d. E) Sample 

19GJ12-4 (PPL): Relict clinopyroxene core surrounded by later amphibole with inclusions of apatite and 

magnetite, and interstitial biotite, magnetite, and plagioclase in a quartz diorite. F) Cross-polarized image 

of sample 19GJ12-4. G) Sample 19GJ13-3 (PPL): intergrown plagioclase, K-feldspar, myrmekitic quartz, 

titanite, and amphibole, with apatite and magnetite inclusions in a quartz monzodiorite. H) Cross-polarized 

image of 19GJ13-3. Cpx: clinopyroxene, amph: amphibole, bt: biotite, mgt: magnetite, ap: apatite, plag: 

plagioclase, ep: epidote, cpy: chalcopyrite, kspar: K-feldspar, ttn: titanite, qtz: quartz. 

Duckling Creek suite 

Syenite: 18lo25-2a  

Syenite sample 18lo25-2a of the Duckling Creek suite is from 22.7 km southeast of 

Notch Peak (Figure 1.3.1.1). The rock is a pink-white, medium-grained, equigranular syenite 

(Figure 1.5.2A-B). The sample consists of ~90% two alkali feldspars (K- and Na-bearing), with 

lesser clinopyroxene (~5%). Magnetite (2%), titanite (1%), chlorite (1%), and zircon (<1%) are 

accessory minerals. Titanite occurs as ~1 mm wide euhedral, wedge-shaped grains with 

clinopyroxene. 

Biotite clinopyroxenite: 19GJ13-1 

Biotite clinopyroxenite sample 19GJ13-1 of the Duckling Creek suite is from 18.2 km 

southeast of Notch Peak (Figure 1.3.1.1). The rock is a black, medium-grained, equigranular 

clinopyroxenite (Figure 1.5.2C-D). The sample consists of ~82% cumulate clinopyroxenite, with 

lesser subpoikilitic biotite (~10%), disseminated magnetite (~5%), and trace anhedral amphibole. 

Apatite (~3%), titanite (<1%), and epidote (<1%) are accessory. Apatite is bimodal and occurs as 

~0.1 to 2 mm wide subhedral to anhedral, mostly interstitial to clinopyroxene and as inclusions 

in magnetite. The coarser grained apatite fraction is visible in hand sample. 

Syenite: 19GJ13-2 

Syenite sample 19GJ13-2 of the Duckling Creek suite is from 18.2 km southeast of Notch 

Peak (Figure 1.3.1.1). The rock is a pink-white and greenish-black, coarse-grained, K-feldspar 

phenocrystic syenite (Figure 1.5.2E-F). It is mostly made up of >2cm long alkali feldspar 

phenocrysts (~85%). Muscovite (10%), epidote (2%), magnetite (1%), biotite (1%), and quartz 

(trace) occur as fine-grained intergrown patches interstitial to K-feldspar phenocrysts. Subhedral 
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fine-grained titanite (trace) occurs with magnetite. Rare, disseminated, fine-grained chalcopyrite 

grains are spatially associated with biotite inclusions within K-feldspar. 

Syenite: 19GJ13-4 

Duckling Creek suite syenite sample 19GJ13-4 is from 28.9 km southeast of Notch Peak 

(Figure 1.3.1.1). The rock is a pink and greenish-black, medium-grained, foliated syenite (Figure 

1.5.2G-H). The sample consists of ~80% anhedral, clay-altered alkali feldspar with lesser 

anhedral clinopyroxene (~8%) and amphibole (~5%). Biotite (2%) occurs as fine grains along 

clinopyroxene grain boundaries, has magnetite inclusions within cleavage, and is spatially 

associated with chlorite (2%). Magnetite (1%), muscovite (1%), apatite (1%), epidote (trace), 

and titanite (trace) are accessory minerals. Subhedral magnetite is generally very fine-grained 

and disseminated throughout the sample and concentrated with other mafic minerals. Muscovite 

is very fine-grained and occurs with epidote, biotite, and chlorite. Fine-grained euhedral apatite 

and anhedral titanite are spatially associated and occur interstitially to K-feldspar. 

Syenite: 19GJ13-5a 

Syenite sample 19GJ13-5a of the Duckling Creek suite is from 31.1 km southwest of 

Notch Peak (Figure 1.3.1.1). The sample was collected next to the Slide Cu-Au porphyry 

prospect, and 7 m south of a grab sample with chalcopyrite that yielded 0.07 wt.% Cu (19GJ13-

5b; Ootes et al., 2020b). The rock is a pink-white and greenish-black, medium-grained, 

equigranular syenite (Figure 1.5.2I-J). It contains alkali feldspar (~70%), with lesser amphibole 

(9%), plagioclase (8%), and clinopyroxene (5%). Biotite, chlorite, and magnetite combine to 

make up ~5% of the sample, while fine-grained apatite, titanite, epidote, and zircon are trace 

(<1%) accessory minerals. Chalcopyrite occurs as rare fine, disseminated grains, and may be 

rimmed by titanite. 
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