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Abstract 

The Late Cretaceous Nanaimo Group is a siliciclastic succession that was deposited into the 

Georgia Basin, that is exposed in western BC, Canada. The Nanaimo Group records the 

initiation and evolution of a forearc basin and is separated into two dominant outcrop regions the 

Comox and Nanaimo sub-basins. The traditional lithostratigraphic framework describing the 

Nanaimo Group employs a single-basin layer-cake model that does not consider the effects of 

paleotopography on the basal nonconformity. As a result, lithoformations comprise strata that 

are neither temporally nor genetically related.  

This outcrop-based study assesses the depositional architecture, facies relationships, and 

temporal/stratigraphic equivalency of lower Nanaimo Group strata between the Comox and 

Nanaimo sub-basins, and establishes a new framework for the lower Nanaimo Group. Two 

spatially and chronologically distinct coal-bearing fields, separated by a regional transgression 

are identified and a pair of long-lived submarine canyon systems are proposed to have routed 

sediment into the Paleo-Pacific. 

Keywords:  Stratigraphy; Forearc basin; Late Cretaceous; Nanaimo Group; Georgia Basin; 

Convergent Margin Basin 
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Chapter 1. Introduction 

The Nanaimo Group comprises a predominantly Late Cretaceous siliciclastic succession 

preserved in the northwest-southeast trending Georgia Basin; a paleo-topographic depression 

that extends from Washington State, USA to northern Vancouver Island, Canada. The majority 

of the Nanaimo Group was deposited during the convergent-margin phase of Georgia Basin 

evolution,  from the Turonian through to the Paleogene. Older phases of deposition have been 

reported from the southeast (Haggart et al., 2005; Huang et al., 2019; Walters, 2020) and 

northwest ends of the basin (Huang et al., 2019; Kent et al., 2020). Sedimentation and 

subsidence continued to occur from the Neogene to present (England, 1989a; b). Research on 

the Nanaimo Group was initiated after the discovery of economic coal measures during the 

1850s near the town of Nanaimo, BC (Richardson, 1872; Mustard, 1994; Mahoney et al., 1999). 

Since then, the Nanaimo Group has been the focus of numerous geological studies 

investigating the depositional evolution of the basin, its economic potential, and its importance in 

resolving large-scale North American Cordilleran tectonic evolution (e.g., the Baja-BC 

hypothesis; Enkin et al., 2001; Wyld et al., 2006).  

The regional stratigraphic architecture of the Nanaimo Group is poorly constrained as a 

result of structural deformation, glacial erosion, and because outcrops of these strata are 

widespread but discontinuous. Nanaimo Group strata occur in two major outcrop regions (herein 

termed sub-basins (SBs)): the northern Comox SB and the central Nanaimo SB (Fig. 1.1). The 

Comox and Nanaimo SBs are separated by a northeast-southwest trending basement uplift or 

paleotopographic high known as the Nanoose Uplift (or Nanoose Arch; Fig. 1.1). Other, smaller 

outcrop regions  are located in the northern Suquash SB, the Cowichan Valley SB, on the Gulf 

islands, and poorly defined outcrop belts near Port Alberni, Lang Creek, Texada Island and the 

Capilano River (shown as “outlier outcrops“ in Fig. 1.1). 
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Figure 1.1. Regional map of Vancouver Island, BC, Canada with Nanaimo Group outcrops 
highlighted in yellow. Outcrop and core locations used in this study are outlined in blue lines or 
points.  The inset maps show the position of Vancouver Island in British Columbia, Canada; 
Vancouver Island is outlined by the dashed red box. Map incorporates data from England & 
Bustin, 1998; MacIntyre et al., 2005; Kent et al., 2020; and Google Earth imagery includes Data 
from Google (2020) SIO, NOAA, U.S. Navy, NGA, GEBCO, LDEO-Columbia, NSF, Image 
Landsat / Copernicus. 

This thesis focuses on the Nanaimo Group in the Comox and Nanaimo SBs. The 

primary objective of the study is to assess the stratigraphic relationship between lower Nanaimo 

Group strata (Fig. 1.1) in the Comox SB and tectonically deformed strata in the Nanaimo SB. 

The results of this work are used to answer three questions: 

1. What is the temporal equivalency and stratigraphic relation of lower Nanaimo Group strata 
between the Comox and Nanaimo SBs?  

2. Was the Nanoose Uplift a post-depositional structural uplift or a paleotopographic highland 
area during deposition of the lower Nanaimo Group? Was it tectonically active during 
deposition? 

3. What do the data suggest was a reasonable paleogeographic architecture for the Georgia 
Basin during deposition of the lower Nanaimo Group?  
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1.1.  Convergent-Margin Basin Stratigraphic Analysis  

Convergent-margin basins (CMBs) are extremely variable in their stratigraphic 

architectures and evolution, as a result of their unique tectonic settings,  coeval or post-

depositional deformation, and/or erosion. CMBs typically display elevated sediment 

accumulation rates and also tend to experience rapid changes in uplift and/or subsidence, have 

short river drainages, and are in close proximity to active arcs (Dickinson & Seely, 1979; 

DeGraaff-Surpless et al., 2002; Cawood et al., 2012; Gong et al., 2016); these characteristics 

typically result in complicated stratigraphic architectures. The complex stratigraphy of 

sedimentary successions observed in CMBs has necessitated the use of simple 

lithostratigraphic and/or biostratigraphic frameworks and nomenclature (Takashima et al., 2004; 

Aksoy et al., 2005; Huang et al., 2019). While lithostratigraphic frameworks enable regional-

scale geologic mapping of disconnected and structurally deformed strata, they are not intended 

to resolve basin evolution, reconstruct depositional environments, or establish temporal 

correlations. The use of lithostratigraphic frameworks typically result in the correlation of 

diachronous, genetically unrelated strata, which can lead to highly inaccurate reconstructions of 

basin evolution. 

Recent studies demonstrate the utility of detrital zircon (DZ) geochronology in CMBs in 

resolving geologic problems, due to the abundance of contemporaneous DZ sourced from the 

active arc (Cawood et al., 2012). Where available, in situ coeval DZ populations  provide means 

to assess tectonic translations (Cowan et al., 1997), reconstruct provenance, characterize strata 

or source rocks, and calculate maximum depositional ages (MDAs; Gehrels, 2014). MDAs can 

be used to approximate true depositional age (TDA) of strata in CMBs with coeval magmatic 

arcs (Dickinson & Gehrels, 2009; Cawood et al., 2012; Daniels et al., 2018; Englert et al., 2018; 

Coutts et al., 2019; Huang et al., 2019). This enables long-distance stratigraphic correlations 

between widespread,  discontinuous, and structurally deformed CMB outcrop belts (Bernhardt 

et al., 2012; Huang et al., 2019; Malkowski et al., 2019; Kent et al., 2020) albeit at a lower 

resolution and with less confidence compared to correlations in laterally continuous and 

undeformed passive margin basins. As a result, MDAs can be used to support facies-based 

correlations in structurally complex CMBs where typical correlation techniques like seismic or 

sequence stratigraphy are not viable. This study attempts to resolve the general stratigraphic 

architecture of the Georgia Basin by blending  modern techniques like DZ analysis and genetic 

stratigraphy with historical data from traditional stratigraphic frameworks such as biostratigraphy 
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and lithostratigraphy. From this, it should be possible to “look past” the stratigraphic 

complexities imparted on the present-day basin architecture by the underlying paleotopography, 

syn-depositional tectonism, post-depositional structural deformation, and/or uplift and erosion. 

1.2.  Geological Setting 

As a result of uplift and erosion, the present-day extent of the Georgia Basin covers an 

area greater than 200 km by 90 km wide (~18,000 km2), although the original basin was likely 

larger (Johnstone et al., 2006). The proto-Georgia Basin probably developed during the 

Devonian (Alberts et al., 2021a), and deposition of the Nanaimo Group began in the Jura-

Cretaceous in the arc-trench gap located between the dominantly plutonic Coast Belt and a 

trench or transform fault situated outboard of Wrangellia Terrane (Fig. 1.2; Muller & Jeletzky, 

1970; Muller, 1977; Mustard, 1994; England & Bustin, 1998; Johnstone, 2006; Matthews et al., 

2017). 

Wrangellia comprises Middle Paleozoic- to Jurassic aged igneous and metamorphic 

rocks with minor limestone and pelite (WR in Fig. 1.2; Monger & Price, 2002), which underlie  

the Nanaimo Group basal unconformity (a nonconformity in the study area). Wrangellia was 

also the dominant sediment source of basal Nanaimo Group strata (Pacht, 1984; Huang et al., 

2019). The accretion of Wrangellia Terrane to the western margin of North America in the 

Middle to Late Jurassic is interpreted to have resulted from the movement of the North 

American Plate towards the Pacific Ocean basin (McClelland et al., 1992; Monger & Gibson, 

2019). The Coast Belt forms the basement of the Nanaimo Group in the eastern Georgia Basin 

(on the BC mainland) and  is dominantly characterized by a regionally extensive belt of granitic 

rocks known as the Coast Plutonic Complex (CPC; Fig. 1.2). The CPC formed as a result of 

subduction of the Farallon/Kula Plates below the western margin of Wrangellia during the 

Jurassic to Early Cenozoic (Gehrels et al., 2009). Since then the CPC has been uplifted and 

eroded, providing significant detritus and detrital zircon that are broadly coeval with deposition 

(Pacht, 1984; Mustard, 1994; England & Bustin, 1998; Matthews et al., 2017; Englert et al., 

2018; Huang et al., 2019; Coutts et al., 2020; Kent et al., 2020). The North Cascades Thrust 

System (NCTS)  is composed of multiple fault-bounded terranes (Coutts et al., 2020) and 

occurs on the San Juan Islands of Washington State, USA (Fig 1.2) where it is in fault contact 

with the southernmost Nanaimo Group. Based on sedimentary petrology (Pacht, 1980, 1984; 

Brown, 2012) and detrital zircon studies (Coutts et al., 2020), the NCTS is  interpreted to have 

been a minor and spatially restricted sediment source for the Nanaimo Group in the southern 
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Georgia Basin (Brown & Gehrels, 2007; Coutts et al., 2020). While the exact age, mode of 

emplacement and influence of the NCTS on Georgia Basin evolution are currently debated 

(Brandon et al., 1988; Brown, 2012), the timing of thrusting appears to either predate or was 

coeval with deposition  of the Nanaimo Group (Coutts et al., 2020).  

Figure 1.2. Simplified geologic map of the western margin of North America showing 
the range of approximate latitudes for the Georgia Basin during the late Cretaceous (red 
rectangle) and two major suggested positions of the basin suggested by the Baja BC 
hypothesis. Position A (blue), northern position, is constrained by displacements on 
known faults. Position B (green), southern position near Baja-California, is supported by 
paleomagnetic, biostratigraphic and paleobotanical data. The inset map shows the five 
major geologic belts of the Canadian Cordillera. Stars indicate major sedimentary 
basins. AX—Alexander terrane; CSZ—Coast shear zone; WR—Wrangellia terrane; 
CPC—Coast Plutonic Complex; BP—Belt-Purcell basin; IB—Idaho Batholith; KM—
Klamath Mountains; BR—Black Rock terrane; SNB— Sierra Nevada Batholith; SAF—
San Andreas Fault; MSR—Mojave Sonora Region; PRB—Peninsular Ranges Batholith. 
Modified from Matthews et al. (2017) after Monger et al. (1982). 
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Major regional subsidence within the Georgia Basin and deposition of the Nanaimo 

Group ceased by the Late Maastrichtian to Early Paleocene, and was replaced by uplift and 

erosion (England, 1989b; England & Bustin, 1998). Renewed subsidence in the southeastern 

Georgia Basin (on the BC mainland and in northwestern Washington State, USA) resulted in the 

deposition of terrestrial strata during two phases: 1) Late Paleocene to Late Eocene and 2) 

Neogene (England, 1989b; England & Hiscott, 1992; England & Bustin, 1998). These Cenozoic 

strata are separated from the underlying Nanaimo Group by a disconformity to angular 

unconformity based on the degree of deformation. 

The southern Georgia Basin is deformed by the Cowichan fold and thrust system 

(CFTS), including Wrangellia Terrane, Nanaimo Group, and Late Paleocene to Early Eocene 

strata (England, 1989b; England & Calon, 1991; England et al., 1997; England & Bustin, 1998). 

The CFTS records large-scale crustal contraction that involved an estimated 20-30% shortening 

(England & Calon, 1991) and occurred during the Eocene (~ 50-40 Ma; England et al., 1997). 

The development of the CFTS post-dates deposition of the Nanaimo Group and younger 

Georgia Basin strata, and is related to westward accretion of the exotic Pacific Rim and 

Crescent Terranes during the Middle Eocene (England & Calon, 1991; England et al., 1997). 

While the location of the Georgia Basin outboard of the CPC during deposition of the Nanaimo 

Group is accepted by most, there is disagreement on the nature of the basin, with 

interpretations of its tectonic setting including strike-slip, foreland  basin, and forearc basin 

models (Fig. 1.3; Muller & Jeletzky, 1970; Pacht, 1984a; England, 1989a; Mustard, 1994; 

Matthews et al., 2017; Kent et al., 2020). Pacht (1984) suggested that the Georgia Basin during 

deposition of the Nanaimo Group was a strike-slip basin created by extension and transcurrent 

faulting (Fig. 1.3A); however, the faults identified by Pacht postdate formation of the Nanaimo 

Group casting doubt on this interpretation (England & Calon, 1991).  

The foreland basin model was proposed, based on both the similarity between Nanaimo 

Group stratigraphy and that of foreland basins, and the presence of the coeval NCTS southeast 

of the basin (Fig 1.2; Brandon et al., 1988; Mustard, 1994; Hamblin, 2012). In the foreland 

model, the southeastern thrusts would have produced early loading and westward migration of 

the forebulge, with rapid subsidence and basin deepening along a northwest-southeast axis 

(Mustard, 1994). The forearc basin model (Fig. 1.3B) was proposed on the basis of the position 

of the Georgia Basin in the arc-trench gap, the presence of an associated magmatic arc (CPC) 

and subduction complex, and recognition of coeval forearc basins on the western margin of 

North America (Dickinson & Seely, 1979; England & Bustin, 1998; DeGraaff-Surpless et al., 
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2002; Matthews et al., 2017; Kent et al., 2020). This study adheres to the forearc basin model 

herein for the reasons stated above. 

Figure 1.3. Schematic illustrations of the three suggested basin architectures of the 
Georgia Basin during the Late Cretaceous. (A: Strike-slip basin; B: Broad ridge forearc 
basin; C: Foreland basin (Adapted from Mustard, 1994 and Pacht, 1980). 
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The most commonly cited stratigraphic model for forearc basins (e.g., Great Valley 

Sequence, California, USA) comprises a shoaling-up character from deep marine and turbidite 

deposition to shallow-marine/paralic and terrestrial strata (Dickinson & Seely, 1979; DeGraaff-

Surpless et al., 2002). In contrast, the Cretaceous fill of the Georgia Basin preserves a transition 

from basal non-marine to marginal-marine strata into finer-grained deposits dominated by deep- 

marine and turbidite complexes (England, 1989b; England & Hiscott, 1992; Mustard, 1994; 

Hamblin, 2012; Huang et al., 2019; Kent et al., 2020). Recent investigations into the evolution of 

forearc basins suggests that thick successions of shallow-marine or terrestrial strata may indeed 

be characteristic of  ridged forearcs, based on similar successions being preserved globally 

(Takano et al., 2013; Takano & Tsuji, 2017). 

The latitudinal location of the Georgia Basin and nearby terranes 

(Wrangellia/CPC/NCTS) during deposition of the Nanaimo Group is widely debated. One 

hypothesis, the “Baja BC” hypothesis, suggests that crustal fragments including the Georgia 

Basin translated north to their current position from a paleolatitude equivalent to that of southern 

California/northern Mexico (position B, Fig. 1.2; Mahoney, 1999; Enkin et al., 2001; Matthews & 

Guest, 2017). This “Baja BC” displacement model is supported by paleomagnetic, 

biostratigraphic, and palaeobotanical datasets, which indicate a position near present-day Baja, 

California (position B in Fig 1.2 ;Irving, et al., 1996; Ward et al., 1997; Housen & Beck, 1999; 

Stamatakos et al., 2001; Kim & Kodama, 2004; Enkin et al.,  2006; Krijgsman & Tauxe, 2006; 

Miller et al., 2006; Rusmore et al., 2013; Matthews et al., 2017). Conversely, a paucity of large 

scale strike-slip fault systems required in the Baja BC hypotheses raises serious questions 

about how such northward translation occurred (Matthews et al., 2017). Restoration of 

displacements of major Late Cretaceous to Cenozoic deformation belts and dextral strike slip 

faults suggests that displacement ranged only from 450–900 km, indicating a more northern 

position for the basin during deposition of the Nanaimo Group (position A, Fig. 1.2; Wyld et al., 

2006).  

Recent detrital zircon studies on the Nanaimo Group are consistent with their derivation 

from source rocks exposed in the region of  southern California and Mexico, supporting the 

“Baja BC” hypothesis and a more southern depositional position (position B, Fig. 1.2; Matthews 

et al., 2017). However, more research is required to rule out a more northern location, since 

biostratigraphic and palaeobotanical datasets remain inconclusive and DZ datasets have been 

used to argue for both the northern and southern positions (Housen & Beck, 1999; Mahoney et 

al., 1999; Miller et al., 2006; Garver & Davidson, 2015; Matthews et al., 2017). 
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1.3. Nanaimo Group Lithostratigraphy  

Richardson (1872) and Clapp (1912, 1914) suggested that deposition of the Nanaimo 

Group occurred in three discrete basins situated in the Nanaimo, Comox and Cowichan areas 

(Fig. 1.1). Usher (1952) revisited their interpretation, and established two lithostratigraphic 

frameworks for the Nanaimo and Comox sub-basins, suggesting the presence of two major 

coeval basins (Fig. 1.4). Since then, workers have proposed a number of different 

lithostratigraphic frameworks for the Nanaimo Group, resulting in a rather confusing assemblage 

of nomenclature that varies between sub-basins (Fig. 1.4; England, 1989a; Jones, 2016; Huang, 

2018). The various lithostratigraphic frameworks assign formation names based on macrofaunal 

content and on the position of lithologically distinct packages relative to the basal nonconformity 

and to each other. In the most widely used 11 formation nomenclature of Mustard (1994), the 

lower Nanaimo Group comprises the Comox, Haslam, Extension, Pender, and Protection 

formations, while the upper Nanaimo Group includes the Cedar District, De Courcy, 

Northumberland, Geoffrey, Spray and Gabriola formations (Figs. 1.4 and 1.5). The Nanaimo 

Group is interpreted to represent a range of depositional environments, with the lower Nanaimo 

Group dominated by coastal, paralic and non-marine deposition, and the upper Nanaimo Group 

dominated by deep-marine and submarine fan complexes (Fig. 1.5; Mustard, 1994; Katnick & 

Mustard, 2003; Johnstone et al., 2006; Hamblin, 2012). Prior to the 1980’s the Nanaimo Group 

was dominantly considered to represent fluvio-deltaic deposition, however this was 

reconsidered after the explosion of literature on turbidite and deep marine systems and 

recognition of paleontological, ichonological and paleobathymetric evidence within its fine- 

grained strata particularly those on the Gulf Islands, BC Canada. Instead, workers such as 

Ward and Stanley (1982), Pacht (1984), England and Hiscott (1992), Pacht (1980), England 

(1990) and Mustard 1994 established a deep marine, sediment gravel flow origin for much of 

the strata deposited above the basal Comox Fm and outside the immediate area around the city 

of Nanaimo, Canada. While many of the above authors disagreed on the number of basins and 

tectonic setting, establishing conflicting lithostratigraphic frameworks, they all concluded that the 

younger deep marine strata should be differentiated from the older shallow marine and 

terrestrial deposits. The upper Nanaimo Group is informally considered to represent Campanian 

aged deep-water deposits that overlie the last appearance of non-marine to marginal marine 

strata (typically including the Cedar District and younger lithoformations, Fig. 1.4). The final Fm 

of the lower Nanaimo Group is assigned to the marginal marine deposits of the Protection Fm 
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(or Trent River Fm in two basin schemes) which is interpreted to have a gradational contact with 

the overlying fine grained strata of the Cedar District Fm (Mustard, 1994; Hamblin, 2012).  

Figure 1.4. Various lithostratigraphic frameworks  and nomenclatures proposed for 
the Nanaimo Group, separated into pre-1970 and post-1970 schemes. Post-1970 
nomenclatures are differentiated based single vs two basin interpretations and the 
most commonly used scheme is that of Ward (1978) and later Mustard (1994).  
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Figure 1.5. Biostratigraphy and lithostratigraphy of the Late Cretaceous Nanaimo 
Group. The lithostratigraphic framework  is derived from Haggart et al. (2011) and which 
is modified from Mustard (1994). The mollusc biozones are based on Haggart and 
Graham (2018) and foraminiferal biozones are derived from McGugan (1964), Muller 
and Jeletzky (1970), and Sliter (1973).The lithology column shows increasing grain size 
to the right. Acronyms: U = Upper, M = Middle, L = Lower. Figure incoperates data from 
Mustard, (1994); Bain & Hubbard (2016); Kent et al. (2020); and Huang et al. (in press). 
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Nanaimo Group deposition is interpreted to extend from the Early Turonian (94 Ma) to 

Late Maastrichtian (66 Ma), and possibly into the Paleocene (Englert et al., 2020). Ages are 

based mainly on microfossil and macrofossil biostratigraphic zonation (Fig. 1.5), due to a 

paucity of dateable interstratified igneous rocks (Ward, 1978a; Mustard, 1994). However, DZ 

MDAs have been used to refine ages where strata are unfossiliferous (Bain & Hubbard, 2016; 

Huang et al., 2019; Kent et al., 2020). The only in situ radiometric age for the Nanaimo Group 

was collected from a tonstein (volcanic ash deposited into a coal-bearing sequence) exposed 

along the Iron River in the northernmost Comox Sub-Basin, and yielded an age of 82.5 +/- 1 Ma 

(U-Pb) (Kenyon & Bickford, 1992). While the geographical location of the sampled ash layer is 

known, its specific stratigraphic position  is uncertain, although it is interpreted to occur in the 

Dunsmuir Member of the Comox Fm  (Fig. 1.6; Cathyl-Bickford & Hoffman, 1990). 

 

 

Figure 1.6. Schematic reconstruction of the Nanaimo Group lithostratigraphy. The 
blue box shows the strata of the northern Comox SB upon which the T–R framework of 
Kent et al. (2020) is based. The green box shows the strata investigated in this study. 
The coloured polygons indicate the dominant lithology of each stratigraphic unit: 
mudstone (grey), sandstone (yellow), conglomerate (orange), and terrestrial mudstone, 
siltstone and coal (greenish-brown). Age boundaries are based on the International 
Commission on Stratigraphy time scale (Cohen et al.; 2021). Modified from Kent et al. 
(2020) after Bickford & Kenyon, 1988. 
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The 11 formation lithostratigraphic framework (Fig 1.4 and 1.5) assumes that deposition 

occurred in a “layer cake” fashion with a single continuous depocentre that was subsequently 

deformed and eroded into geographically separated outcrop belts. The single basin hypothesis 

is supported by lateral continuity of some lithoformations (e.g., Extension Formation) across the 

Nanoose Uplift (NU; position shown in Fig. 1.6), which suggests that the topography of the NU 

had little or no influence on sedimentation (Cathyl-bickford & Hoffman, 1990; Mustard, 1994). 

Another hypothesis, supported herein, is that Nanaimo Group deposition initially occurred in at 

least two discrete depocentres (the Comox and Nanaimo sub-basins) before paleotopographic 

relief was infilled by regional transgression during the Santonian and Early Campanian (Muller & 

and Atchison, 1971; England, 1989b; McGugan, 1990; England & Hiscott, 1992).  

This study was completed under the assumption that there were 3 depocentres herein 

termed sub-basins, during deposition of the lower Nanaimo Group (Cowichan Valley SB, 

Nanaimo SB, and Comox SB). These sub-basins were separated by significant 

paleotopography on the nonconformity, and in some cases, exhibit distinct DZ signatures 

(Huang et al., 2019; Kent et al., 2020; Walters, 2020). Subsequently, deposition of the upper 

Nanaimo Group occurred in a single basin, as demonstrated by the lateral continuity of the deep 

marine and submarine fan-dominated strata across the Georgia Basin (Katnick & Mustard, 

2003; Bain & Hubbard, 2016; Englert et al., 2018; Kent et al., 2020). This study employs the 11 

formation lithostratigraphic framework nomenclature of Mustard (1994) to facilitate comparisons 

to previous work. 

1.3.1.  Lower Nanaimo Group (Lithostratigraphic Nomenclature) 

This study extends the correlations of Kent et al. (2020) from the northern Comox SB 

over the Nanoose Uplift and into the northern Nanaimo SB (Figs. 1.1 and 1.6), and temporally 

up-section from the Comox-Haslam formations into the overlying Extension, Pender and 

Protection formations (Figs. 1.5 and 1.6).  

The basal lithostratigraphic formation of the Nanaimo Group is the Comox Formation 

(Fm), and this name is assigned to coarse-grained strata (conglomerate or sandstone) directly 

overlying the nonconformity (England, 1989b; England & Hiscott, 1992; Mustard, 1994). The 

Comox Fm is typically the coarsest-grained formation in the Nanaimo Group, and comprises 

non-marine to shallow-marine and paralic conglomerate, sandstone and rare mudstone with 

various coal measures (Muller & Jeletzky, 1970; Mustard, 1994; Hamblin, 2012; Jones, 2016). 
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Economic coal measures in the Comox Fm are located exclusively in the Comox SB and do not 

have southern equivalents (Hamblin, 2012). The Comox Fm’s thickness is extremely variable 

(Hamblin, 2012), and is largely absent towards the Nanoose Uplift, with mudstone of the 

Haslam or Trent River Fms overlying the nonconformity. Biostratigraphic investigations of 

molluscs contained within the Comox Fm in the southern Nanaimo SB demonstrate that the 

formation and its members (Barnes and Sidney Island Mbrs, Fig. 1.5) are diachronous, 

potentially ranging over ~22 Ma in age from the Turonian to Campanian (Haggart et al., 2005). 

Detrital zircon from the same area of the Comox SB suggests potentially even greater 

diachroneity with MDAs ranging across 80 Ma. Detrital zircon MDAs derived from the lowermost 

Nanaimo Group strata along the Oyster River in the Comox SB suggest that the initial phase of 

terrestrial deposition was disconformable with the overlying strata. These deposits indicate that 

deposition of at least part of the “Comox Fm” in that area occurred during the Albian, more than 

20 Ma earlier than previously thought (Huang et al., 2019; Kent et al., 2020). 

The Haslam Fm overlies the Comox Fm and the contact between the two varies from 

gradational/conformable (Hamblin 2012) to erosional (England, 1989b). The Haslam Fm 

comprises shale, mudstone, siltstone and rare thin-bedded sandstone with locally abundant 

sandstone injectites (Muller and Jeletzky, 1970; Mustard, 1994). Locally, such as on the 

Qualicum River, the Haslam Fm directly overlies the basal nonconformity. This suggests that 

during deposition of the Comox Fm, coarse-grained shallow-marine/terrestrial deposition did not 

extend across the entire basin. Extensive turbidite successions are reported by Ward (1978) in 

the Haslam Fm in the Cowichan SB (Fig. 1.1), and occurrence of turbidites in the Haslam Fm 

have been corroborated by field observations in the Comox and Nanaimo SBs in this study. 

In the southeastern Comox SB and northern Nanaimo SB, the Extension Fm comprises 

dominantly unfossiliferous thick-bedded conglomerate, and medium- to coarse-grained 

sandstone with minor muddy sandstone and siltstone interbeds. The coarse-grained units of the 

Extension Fm sharply and conformably overlie or intertongue with the finer-grained Haslam Fm 

(Mustard, 1994; Hamblin, 2012). Near the town of Nanaimo, coal seams and coal lenses occur 

in muddy sandstone and siltstone facies of the Extension Fm (Bickford & Kenyon, 1988; 

Mustard, 1994; Hamblin, 2012).  

The Early Campanian Pender Fm is composed of siltstone and mudstone with 

interbedded fine-grained sandstone, and displays conformable and gradational contacts with the 

underlying Extension and overlying Protection formations (Hamblin, 2012). The Pender Fm 
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contains economic coal seams contained within mudstone near the town of Nanaimo (Ward, 

1978a; Mustard, 1994; Hamblin, 2012). The general depositional environment of the Pender Fm 

is interpreted as marine shelf to slope, but includes paralic to coastal and fluvial environments in 

the northern Nanaimo SB (Hamblin, 2012). This extreme juxtaposition of facies associations 

suggests that the Pender Fm consists of genetically unrelated and diachronous strata.  

The Protection Formation is characterized by fine- to medium-grained, massive, white to 

grey coloured arkosic sandstone with minor bioturbated carbonaceous mudstone interbeds, rare 

coal and conglomeratic lags (Ward, 1978; Hamblin, 2012). Like the Comox and Pender Fms, 

the Protection Fm is interpreted to comprise a wide range of depositional environments, 

including those that are paralic and terrestrial, shallow-marine, deep-marine, and submarine fan 

(Ward, 1978a; England & Hiscott, 1992; Hamblin, 2012). Similar to the Pender Fm, the 

juxtaposition of such a wide range of environments implies that the Protection Fm comprises 

genetically unrelated and diachronous strata.  

In the two-basin model, the Trent River Formation is the temporal equivalent of the 

Haslam to Protection formations in the Comox SB (Fig. 1.4, 1.5; England, 1989b; Cathyl-

bickford & Hoffman, 1990; England & Hiscott, 1992; Cathyl-Bickford, 2001). The Trent River Fm 

is significantly finer-grained than its Nanaimo SB equivalents, which comprises thin bedded, 

laminated or massive mudstone with rarer fine-grained sandstone and conglomerate (England 

1990; Cathyl-Bickford 2001). The depositional environments of the Trent River Fm have been 

interpreted to include those that are paralic and shallow marine in the coarser-grained members 

(Browns and Tsable River members), to a moderately deep marine shelf setting in the finer 

grained members (Puntledge and Royston members) (England, 1989b; Cathyl-Bickford, 2001a). 

Some of the Trent River Fm strata observed by the author in the central to southeastern Comox 

SB (Little Qualicum, Englishman rivers) are interpreted in this study to be equivalent to the 

Cowichan Member of the Haslam Fm based on the occurrence of turbidite deposits within the 

mudstones that overlie the Comox Fm. The Trent River Formation appears to reflect a net 

transgression and drowning of the northwestern sediment source in the Comox SB (Kent et al., 

2020), passing into the overlying marine and submarine channel systems of the Trent River Fm 

and overlying upper Nanaimo Group (Katnick & Mustard, 2003; Bain & Hubbard, 2016). 
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1.4. Transgressive-Regressive Framework for the Comox Sub-
Basin  

Previous investigations (Kent, 2018; Kent et al., 2020) of the Nanaimo Group in the 

northern Comox SB around the Comox-Campbell River areas of Vancouver Island, BC, Canada 

resulted in stratigraphic interpretation of that area based on transgressive-regressive (T–R) 

sequences. Lower Nanaimo Group strata were correlated between outcrops along strike (~NW-

SE) of the Georgia Basin axis from the Quinsam Coal Mine to the Trent River, and included 

cores from Quinsam Coal Mine and Dove Creek D2A borehole, and outcrop sections from along 

the Oyster, Trent and Browns rivers (Figs. 1.1 and 1.6). This eight phase T–R framework 

included strata considered equivalent to the two lowermost formations in the single-basin 

lithostratigraphic nomenclature (Comox and Haslam Fms, Fig. 1.5) or the Comox and lower 

Trent River Fm in the two-basin stratigraphy (Fig. 1.4).  

Kent et al. (2020) employed a composite datum, comprising locally overlapping but 

regionally offset coal seams. They also used DZ geochronology to estimate MDAs of strata, 

refine stratigraphic correlations, and constrain stratal packages. Unlike the lithostratigraphic 

frameworks proposed for the Nanaimo Group, the T–R framework established by Kent et al. 

(2020) considered genetic relationships between depositional systems in space and time by 

identifying important allogenic surfaces. In multiple instances, especially within the Comox Fm, 

strata that were identified and correlated as the same lithoformation are demonstrated to be 

highly diachronous and comprise different depositional settings (e.g., Comox and Haslam Fm). 

Overall, the depositional phases observed by Kent et al. (2020) reflect a net transgression in the 

northern Comox SB from conglomerate intervals interpreted as braided-fluvial to mudstone with 

pulses of sandstone that record periods of shoreline progradation. 

1.5. Nanoose Uplift and Paleotopography of the Nonconformity 

The Nanoose Uplift (NU) or, alternatively, Nanoose Arch comprises Paleozoic-aged 

Wrangellian rocks exposed around Nanoose Bay, Vancouver Island (Fig. 1.1). The NU is 

characterized by metamorphic basement rocks of the Nanoose Complex with conglomerate and 

coarse-grained sandstone deposited on the margins of the uplift, such as at Cottam Point 

beach. Based on macrofossil and foraminifera distributions, the NU has been interpreted as a 

natural pre-Cretaceous paleotopographic highland featuring coarse-clastic deposition on the 

highland that separated contemporaneous marine sedimentation in the Nanaimo and Comox 
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SBs (McGugan, 1964; England & Bustin, 1998). Sedimentation patterns and facies relationships 

of the lowermost Nanaimo Group appear to have been profoundly influenced by 

paleotopography on the nonconformity (including the NU) and lower Nanaimo Group strata 

appear to onlap these paleohighlands (Muller & Jeletzky, 1970; Kent et al., 2020). However, 

some of the paleotopography on the nonconformity is interpreted to have resulted from 

contractional faulting, creating post-depositional uplift of older basement metamorphic and 

igneous rocks, such as at Nanoose (Yorath et al., 1985; England & Bustin, 1998). 

1.6. Study Area and Methods 

This study attempts to extend the correlations of Kent et al. (2020) from the northern 

Comox SB across the Nanoose Uplift and into the Nanaimo SB. This is done by investigating 

near-continuous sections of lower Nanaimo Group strata at approximately equally spaced 

distances along depositional strike of the Georgia Basin (Figs. 1.1 and 1.7). Six sections were 

logged in 2019, including the Little Qualicum, Englishman and Nanaimo rivers as well as Wilfred 

“Coal” Creek. Additionally, data from Wall Beach (near Parksville, BC) and Little Mountain (Fig. 

1.7) are included in this analysis.  

Augmenting the studied outcrops listed above and shown in Figure 1.7, are data from 

Huang et al., (2019) Kent et al. (2020), Jones (2016), and Huang et al. (in press), used both in 

developing a regional stratigraphic picture for the lower Nanaimo Group and in reconstructing 

the paleoarchitecture of the basin.  

Unlike the gently dipping homocline structure of the northern Comox SB (England, 

1989b; Katnick & Mustard, 2003; Kent et al., 2020), structural deformation including faulting and 

folding increases dramatically toward the southeast. Structural deformation is particularly 

intense on strata exposed around the Nanoose Uplift (observed along both the Englishman and 

Nanaimo rivers) and strata further south. Resolving the lower Nanaimo Group stratigraphy in the 

structurally deformed southeastern Comox SB and Nanaimo SB requires using all available 

data, including field observations, biostratigraphic fossils and detrital zircon analyses (maximum 

depositional ages or MDAs).  
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Figure 1.7. Overview map of study area, with Nanaimo Group outcrops displayed in yellow 
polygons (geospatial data sourced from British Columbia Geological Survey, Open File 2017-
08). Outcrop sections investigated in this study are labelled and outlined in blue, and major 
towns are shown with a  red dot. The Nanoose Uplift and Comox/Nanaimo SBs are indicated as 
well. 

Stratigraphic sections of major outcrops  (5+ meters stratigraphic thickness of 

continuous strata) were systematically logged by first establishing dip/dip direction (XX°/XXX°) 

of strata using a compass (Suunto® MC-2). Dip/dip directions were re-measured approximately 

every 100 m of vertical stratigraphic thickness or where a major change in dip direction or dip 

was encountered. Stratal thicknesses were measured using one of: 1) a 1.5 m long Jacob’s staff 

equipped with a digital inclinometer, tactical monocular and green laser pointer; 2) a tape 

measure; 3) a TruPulse® 200 laser range finder; or 4) in rare cases sections were logged using 

GPS points (recorded using a Garmin® 64st handheld GPS), and using GPS points to project 

stratal thicknesses.  

Digital lithologs of each field section (GPS locations available in digital appendices) were 

created using AppleCORE® software (donated by M. Ranger), and combined into composite 
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logs using CorelDRAW X8 (see Chapter 2 for more details). Detailed individual stratigraphic 

logs (available at 1:500 scale in Appendix D) record lithology, grain sizes, sedimentary fabrics, 

sedimentary structures, bed  thicknesses, type(s) of trace fossils, trace fossil diversity, and 

overall bioturbation intensity using the Bioturbation Index (Taylor & Goldring, 1993). Photo/video 

documentation of outcrops, their important details, and facies/facies associations were collected 

using a DJI® Mavic Pro drone and Olympus® TG-5 camera.  

In the northern (study area of Kent et al. 2020) and central (Wilfred “Coal” Creek and 

Little Qualicum River) Comox SB, some faults were identified in outcrop (thrust, normal and 

oblique dip-slip types). Importantly, most of these faults display little displacement and using 

careful and accurate measurements of surface (bedding and fault) attitudes, bed thicknesses 

and sedimentologic details, repeat sections were readily identified and beds were matched 

across faults to record continuous sections.   

In the southern Comox SB (Englishman River) and northern Nanaimo SB (Nanaimo 

River) near the Nanoose Uplift, the lower Nanaimo Group is more significantly deformed. 

Structural deformation includes repeated en echelon faulting and broad-scale folding that 

resulted in multiple outcrop sections being discontinuous and incomplete. As a result, composite 

logs for these sections yield significantly lower confidence than those in the central to northern 

Comox SB. The rationale for how each log was constructed is provided in Chapter 2. Many of 

the logged sections are interpreted to represent either structurally repeated sections or 

equivalent strata, and as a result, composite logs of the ER and NR show multiple stratigraphic 

columns, where interpreted equivalent sections are shown at the same stratigraphic elevation. 

Rose plots of master bedding plane strike and dips were plotted using Stereonet 11 program 

(Allmendinger, 2020) in order to identify dominant bedding orientations for each individual 

section on the Englishman and Nanaimo rivers. These individual sections were segregated into 

“structural” domains (geographical areas where outcrops show similar master bedding 

orientations), based on bounding faults and geological structures identified in geological maps 

created for each composite section. Continuous sections in each domain were then linked 

together with covered sections projected between, and these combined sections are then used 

in reconstructing the stratigraphy of the Georgia Basin (see Chapter 3). 

In addition to the thirteen detrital zircon (DZ) samples collected by Kent (2018), Huang 

(2018), and Jones (2016), one sample (DZ12, sample: CO2) from Matthews et al. (2017), one 

sample (DZ20, sample: GabEx) from Coutts et al. (2020), and seven new samples collected by 
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the author are used in this study. These seven new samples were collected in the summer 2019 

from outcrops along Wilfred Creek (WF), Little Qualicum River (LQ), Englishman River (ER), 

and Nanaimo River (NR). Samples of three to six kg of sandstone were collected. In the lab, 

these samples were washed, scrubbed with a wire brush, and treated with 30-50% hydrogen 

peroxide to remove organic material. Samples were then mechanically crushed and disk milled, 

and the resulting powder was gravitationally separated using a Wilfley table and heavy liquids 

(methylene iodide). Finally magnetic grains were removed from the heavy mineral concentrate 

using a rare earth magnet and LB1 Frantz® Magnetic Barrier Laboratory Separator. 

The resulting heavy mineral concentrates were sent to the Calgary Geo- and 

Thermochronology Lab, University of Calgary, Calgary, Alberta, Canada for epoxy mounting 

and LA-ICP-MS U-Th-Pb dating. Detailed information on the methodology for zircon analysis 

and MDA calculations is available in Huang (2018), Huang et al. (2019), and Huang et al. (in 

press). DZ analyses of the resulting data were performed by Chuqiao Huang following the 

protocols outlined in Matthews et al. (2017); ensuring the new data is analyzed consistently with 

previously collected datasets. 

DZ maximum depositional ages (MDAs) are used to provide reasonable constraints on 

stratigraphic correlations in the Comox and Nanaimo SBs, although they are given subordinate 

weighting compared to facies or biostratigraphic-based correlations. MDAs have inherent 

uncertainty as a result of: 1) laboratory/calibration errors; 2) contamination; and 3) being 

influenced by the source rocks and drainage variability. Consequently, the resulting MDA may 

be a poor reflection of the true depositional age.  

Eleven previously reported biostratigraphic samples (Ward, 1978a; Haggart & Graham, 

2018), and six new biostratigraphic samples collected in this study are used to constrain 

correlations within marine strata of the Haslam/Trent River Fm. It should be noted that these 

correlations of marine strata remain of lower confidence due to both the lack of suitable regional 

datums to test the biostratigraphic relations, and because of extensive tectonic deformation. 

Deformed shallow-marine to terrestrial strata along on the Nanaimo and Englishman rivers are 

correlated using apparent regional stratigraphic surfaces, stacking patterns of facies and facies 

associations, in addition to historical interpretations and field observations (Atchison, 1968; 

Muller & Jeletzky, 1970; Bickford & Kenyon, 1988; England, 1989b; Cathyl-bickford & Hoffman, 

1990). Surfaces of probable regional allogenic origin were differentiated from those of likely 
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autogenic origin to produce a genetic stratigraphic framework for the lower Nanaimo Group in 

the Comox SB and northwestern Nanaimo SB. 

1.7. Thesis Layout 

This thesis is divided into four chapters. Chapter one introduces the study, its research 

objectives, study area/methodology, and summarizes previous research on the lower Nanaimo 

Group. Chapter two focuses on the facies (F), facies associations (FAs), and depositional 

systems (DS) observed in lower Nanaimo Group. Chapter 2 also presents DZ and 

biostratigraphic data as well as composite stratigraphic sections (used as key sections in 

Chapter 3) and their respective geological maps, and explains how the composite logs were 

constructed. Chapter 3 contains a partial resolution of the stratigraphic evolution of the lower 

Nanaimo Group and its paleogeography (herein “paleogeography” is used to refer to the 

paleoarchitecture and paleolandscape of the basin rather than its geographical position; e.g., 

latitude/longitude) throughout time, illustrated as a stratigraphic cross-section from the Comox 

SB into the Nanaimo SB. Also included in Chapter 3 are a series of paleogeographic maps that 

incorporate data from the cross section and from elsewhere in the Georgia Basin. Chapter 4 

lays out the conclusions of the study and places the outcomes into context with the research 

questions, and establishes a framework for future investigations in the Nanaimo Group. 

Appendices are available after Chapter 4, with .pdf files or folders of the various figures 

including geological maps (Appendix A), outcrop location maps (Appendix B)  composite 

sections (Appendix C), individual stratigraphic sections at 1:500 scale (Appendix D), Nanaimo-

Comox SB cross-section (Appendix E), in their original full-sized scale. 
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Chapter 2. Methods and Data 

2.1. Introduction 

Chapter 2 includes descriptions of facies, facies associations, and depositional 

systems/environments in lower Nanaimo Group strata (Comox, Haslam, Extension, Pender and 

Protection formations) in the Comox and Nanaimo SBs. Facies are defined primarily on 

sedimentological characteristics (lithology, grain sizes, primary sedimentary structures and 

lithologic accessories) and are refined using ichnological content (bioturbation intensities, trace 

fossil assemblages). Eleven facies associations (FAs) comprising one or more facies are 

defined and these FAs are grouped into 5 depositional systems (DS). Depositional systems are 

correlated across the basin. The facies, FAs and DSs defined in this study are modified and 

expanded upon from those defined in Jones (2016) and Kent et al. (2020).  

Chapter 2 also provides details on how stratigraphic composite sections (CS) were 

constructed for the four key outcrop locations investigated in this study: Wilfred “Coal” Creek 

(WF), Little Qualicum River (LQ), Englishman River (ER), and Nanaimo River (NR). A geological 

map is also constructed for each of the 4 outcrop sections. Large-scale and detailed versions of 

the geological maps, outcrop location maps, composite sections, and the individual outcrop 

sections used to build the composite sections are available in appendices A, B, C and D, 

respectively. Herein, figures and text referring to composite sections will employ similar 

terminology. For example, WFCS is used for the Wilfred Creek CS while individual outcrop 

sections along Wilfred Creek are labelled WF1, etc. for Wilfred Creek Section 1. 

In addition to the four outcrop locations (WF,LQ, ER, NR), two composite sections for 

the Wall Beach–Wall Beach Resort (WB) and Little Mountain (LM) sections are presented at the 

end of the chapter. The Wall Beach–Wall Beach Resort section was logged by Jones et al. 

(2018), and the Little Mountain section is described in Yorath et al. (1985) and England (1989). 

2.2. Facies 

Facies identified in this study are from the lower Nanaimo Group and their defining 

characteristics are presented in Table 2.1 with representative photos displayed in Figures 2.1–

2.5. Of the 20 facies recognized, 5 are subdivided into subfacies based on their 

lithological/ichnological characteristics, fossil content(s) or sedimentary accessories. The 
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description of Figures 2.1–2.5 also give elevation (m) of each facies photograph relative to 

either the composite section base (e.g., 20 m, WFCS) or the individual section base for  repeat 

sections (e.g., 10 m, WF2). 
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Lithology 

Fa
cie

s Facies 
Description Sedimentology Trace 

Fossils 
BI  
(0–6) 

Depositional 
Environment / 
Architectural 
Element 

Contacts          
(L: Lower,         
U: Upper) 

Co
ng

lom
er

ate
 

F1 
Fossiliferous clast-
supported, pebble-
boulder conglomerate 

Clast-supported, sub-rounded to well-rounded, pebble - to 
boulder-sized clasts (dominated by underlying basement 
lithology), very poorly sorted, massive or crude stratification with 
minor trough cross-stratification. Mdst matrix with dispersed 
pebbles, shell hash, & disarticulated to articulated fossils. 

none 0 
Basal Lag 
(marine flooding 
of basal CGL) 

L: sharp, 
covered       
(nonconformity) 
U: sharp 

F2 Clast-supported, pebble-
cobble breccia 

Clast-supported, sub-angular to angular, pebble - to cobble-sized 
clasts, very poorly sorted, crudely stratified breccia with minor 
trough cross-stratification & scours. Minor intercalated Mdst 
lenses with minor dispersed pebbles, carbonaceous material & 
fossil wood. 

none 0 
Alluvial channel 
fill, fan or rock 
fall 

L: scoured, 
sharp 

U: sharp 

F3 
Clast- to matrix-
supported, pebble-
boulder conglomerate 

Clast- to matrix-supported, sub-rounded to well-rounded, pebble - 
to boulder-sized clasts, very poor to poorly sorted, crudely 
stratified with planar tabular cross-stratification, trough cross-
stratification & scours. Carbonaceous material, coalified 
fragments & wood fossils. Minor intercalated fine- to medium-
grained Sdst lenses with minor pebbles. 

none 0 Braided-fluvial 
channel fill 

L: scoured, 
sharp 

U: sharp 

Co
ng

lom
er

ate
 an

d S
an

ds
ton

e 

F4 

F4A 

Interbedded 
clast- to matrix- 
supported 
conglomerate 
and pebbly 
sandstone 

Clast- to matrix supported, sub-angular to well-rounded, pebble - 
to boulder-sized clasts, very poor to poorly sorted, crudely 
stratified to massive CGL with rare trough cross-stratification & 
normal grading interbedded with coarse- to fine-grained pebbly 
Sdst & discontinuous, massive to crudely stratified Sdst lenses 
with dispersed clasts. Accessories include carbonaceous 
material, coalified fragments & fossil wood (dominantly in Sdst).  

none 0 

Braided-fluvial 
channel fill and 
turbidite channel 
fill 

L: scoured, 
sharp, inclined 

U:  sharp 

F4B 

Interbedded 
matrix- 
supported 
conglomerate, 
sandstone, and 
silty mudstone 

Matrix supported, sub-angular to sub-rounded, pebble - to 
boulder-sized clasts, very poorly to poorly sorted, crudely 
stratified to massive CGL with subordinate trough cross-
stratification & scours. Interbedded with fine- to medium-grained 
pebbly Sdst beds & discontinuous lenses with dispersed clasts. 
Sdst beds are massive with lesser crude low angle stratification 
to planar-parallel lamination and rare normal grading. 
Accessories include dispersed pebbles/granules, carbonaceous 
material, coals stringers, leaf and fossil wood (dominantly in 
Sdst).   

none 0 

L: scoured, 
sharp, inclined 

U: gradational, 
sharp 



25 
 

Coal F5 Coal  
Black, weakly to well-laminated coal, non-cleated to cleated, rarer 
interbedding with silty organic-rich mudstone. Bituminous to 
subbituminous with lenses of silty Mdst with fossilized log/wood 
fragments. 

none 0 
Raised mire, 
back barrier 
swamp 

L: sharp 

U: sharp 
 

Sa
nd

sto
ne

 
 

F6 Trough cross-stratified 
sandstone 

Coarse- to medium-grained Sdst with trough cross-stratification, 
planar-parallel lamination, minor dispersed clasts, pebble 
lags/lenses, mudstone rip ups, wood fossils & carbonaceous 
material. 

none 0 (Undifferentiated) 
fluvial channel fill 

L: scoured 

U: sharp 

F7 
Trough cross-stratified 
sandstone with 
moderate bioturbation 

Coarse- to medium-grained Sdst with trough cross-stratification, 
low-angle to planar-parallel lamination, wavy lamination, Mdst rip-
up clasts, wood fossils, & carbonaceous material. 

Op, Th, Pl 1–2 Estuarine 
channel fill 

L: scoured 

U: sharp 

F8 Intensely bioturbated 
sandstone 

Medium- to fine-grained Sdst with minor trough cross-
stratification, planar-parallel lamination to wavy laminated, current 
ripples, organic-lined lamina, fossil wood, & carbonaceous 
material. Most structures obliterated by intense bioturbation. 

Op 
(dominant), 
Pa, Pl, Sk, 
Th, Cy, Ar, 
Sch  

3–5 Intertidal 
Sandflat 

L: gradational 

U: gradational 

F9 

Tough cross-stratified 
sandstone with 
Macaronichnus 
segregatis 

Medium- to fine-grained Sdst with trough cross-stratification, low 
angle inclined to wavy lamination, dispersed pebbles, shell hash, 
wood fossils, & carbonaceous material. 

Op, Ma, Pl 0–4 Upper shoreface 
to beach 

L: gradational 

U: sharp 

F10 Swaley cross-stratified 
sandstone 

Medium- to fine-grained Sdst with swaley cross-stratification, 
minor hummocky cross-stratification, planar-parallel lamination to 
wavy lamination, internal scours, Mdst rip-up clasts, fossil wood, 
carbonaceous material, & shell fragments. Minor Mdst interbeds 
with shell hash & carbonaceous material. 

Op, Co, 
Ro, Pl, Pa, 
Ma 

1–4 

Middle  
shoreface / 
wave-dominated 
proximal delta 
front 

L: scour 

U: sharp 

F11 Low-angle to parallel 
laminated sandstone 

Medium- to very fine-grained Sdst with low-angle inclined to 
planar-parallel lamination, subordinate hummocky cross-
stratification, organic-rich muddy lamination, carbonaceous 
material, shell hash, & fossil wood. Rare intercalated pebble 
lenses. 

 Pa, Op, 
Ro, Cy,  
Sch 

0–4 
Lower shoreface 
/ Storm-
dominated shelf 

L: sharp 

U: sharp 

F12 Glauconitic Sandstone Fine- to very fine-grained, greyish-green glauconitic Sdst, 
massive, poorly consolidated/friable. none 0 Protected Shelf / 

Deepwater 
L: sharp 
U: gradational 

Sa
nd

sto
ne

 an
d 

Mu
ds

ton
e 

F13 Thick bedded inclined 
heterolithic stratification 

Fine- to very fine-grained Sdst interbedded with cm–scale, dark 
grey Mdst beds, planar-parallel lamination, current ripples, Mdst 
drapes, fossilized leaf & wood, & carbonaceous material. 

Pl, Pa, Th, 
Ar, Cy 0–2 

Tidally 
influenced point 
bar 

L: scoured 

U: gradational 
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F14 
 
 
 
 
 
 
 
 
 

F14A 

Medium to-
thick bedded 
sandstone with 
mudstone 
interbeds 

Coarse- to very fine-grained Sdst with interbedded Mdst. Sdst 
displays soft-sediment deformation, current ripples, normal 
grading, planar- parallel lamination and wavy parallel lamination 
with accessory carbonaceous material, Mdst laminae, Mdst rip-up 
clasts, & shell hash. Mdst is massive or displays crudely planar-
parallel lamination  to wavy parallel lamination (rare fissility). Rare 
subrounded pebble CGL lenses. 

Op, Pl, Th 0–3 

 
 
 
Turbidite channel 
abandonment, 
Turbidite system 
levees  
 
 
 
 
 
 

L: scoured, 
sharp, inclined 

U: gradational, 
sharp 

Sa
nd

sto
ne

 an
d M

ud
sto

ne
 F14B 

Thin-bedded 
heterolithic 
strata 

Fine- to very fine-grained Sdst  interbedded with Slst / Mdst. Sdst 
display soft-sediment deformation, flame structures, current 
ripples, normal grading, horizontal parallel lamination and wavy 
parallel lamination with accessory carbonaceous material, Mdst 
laminae, Mdst rip-up clasts, & shell hash. Mdst are massive or 
display crude wavy lamination to planar-parallel lamination (rare 
fissility). Slst are light blue-gray, display rare current ripples & 
wavy lamination to planar-parallel lamination. Rare Sdst 
injectites. 

Op, Pa, Pl, 
Ch, Th, 
He?, Ph? 
Cos?, Zo? 

0–2, 
Rare 
3 in 
Sdst 
/ Slst 

L: scoured, 
sharp,  

U: gradational, 
sharp 

F14C 

Thin-bedded 
heterolithic 
strata 
intercalated 
with thick 
bedded 
sandstone 

Medium to very fine-grained Sdst interbedded with Slst /Mdst. 
Sdst displays soft-sediment deformation, current ripples, normal 
grading, massive low-angle to horizontal parallel lamination and 
wavy parallel lamination with accessory carbonaceous material, 
Mdst laminae, Mdst rip-up clasts, & shell hash. Thicker bedded 
Sdst tend to be coarser grained & commonly scoured into 
underlying strata. Mdst are massive or crudely stratified with 
wavy lamination to planar-parallel lamination (rare fissility) with 
rare disarticulated/articulated fossils. Slst are light blue-gray, and 
are either massive or display wavy lamination to planar-parallel 
laminaton. Very rare Sdst injectites. 

Op, Pa, Pl, 
Th, He, 
Ph? Cos?,   

0–2, 
Rare 
3 in 
Sdst 
/ Slst 

L: scoured, 
sharp,  

U: gradational, 
sharp 

Mu
ds

ton
e 

F15 

F15A 
 Fossiliferous 
mudstone with 
moderate 
bioturbation 

Dark grey Mdst interbedded/interlaminated with very fine-grained 
Sdst that displays wavy lamination to planar-parallel lamination, 
fossil wood, disarticulated to articulated fossils, & shell hash. 
Rare Sdst lenses and injectites. 

Op, Ph, Pl, 
Sch, Tei, 
Th 

2–5 

Protected Shelf / 
Deepwater 

L: sharp 

U: sharp 

F15B 
 Planar parallel 
laminated 
mudstone 

Dark grey Mdst with planar-parallel lamination, very fine-grained 
Sdst nodules, disarticulated to articulated fossils, shell hash, 
carbonaceous material & fossil wood. Minor interlaminated very 
fine-grained Sdst and blue-grey Slst (bioturbation observed in 
coarser beds). Rare Sdst lenses and injectites. 

Pl, Sch 0–2 

L: sharp 

U: sharp 
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Mu
ds

ton
e 

F1
6 Nodular mudstone with 

siltstone beds and 
laminae 

Dark grey, nodular Mdst, with rare blue-gray Slst beds and 
laminae. Slst display current ripples, planar-parallel lamination, 
crude wavy lamination and rare normal grading. Bioturbation 
typically observed in Slst beds. Moderate to abundant Sdst 
injectites throughout. 

Ch,  Pl, 
Sch 0-1 

 Deepwater, 
Turbidite channel 
abandonment  

L: sharp 

U: gradational, 
sharp 

F17 Sandy mudstone with 
minor bioturbation 

Light grey mudstone with interbedded fine- to very fine-grained 
sandstone, massive to planar parallel lamination, with current 
ripples, carbonaceous material, and wood fossils. Very rare 
sandstone injectites. 

 Pl, Tei 0–1 Distal delta front 
L: gradational 

U: sharp 

F18 Mudstone with minor 
siltstone laminae 

Grey-black mudstone with interbedded/interlamination blue-grey 
siltstone, massive to planar-parallel lamination, and 
carbonaceous material. 

Pl 0–2 Prodelta  
L: sharp 
U: gradational, 
sharp 

F19 

F19A 
Planar parallel 
laminated, 
organic-rich 
mudstone  

Dark grey-black Mdst with planar-parallel lamination, abundant 
carbonaceous material, leaf/wood fossils, coalified plant material 
& coal stringers. 

Pl, Pa, Th 0–1 Coastal-plain 
swamp 

L: sharp 

U: scoured 

F19B 

 Organic-rich, 
laminated 
sandy 
mudstone and 
siltstone 

Dark grey-black Mdst interlaminated with very fine-grained Sdst, 
rare rootlets, abundant carbonaceous material, & leaf/wood 
fossils. 

none 0 Overbank / 
floodplain 

L: sharp 

U: sharp, 
scoured 

F20  Pebbly mudstone Reddish-brown colored, rubbly to friable Mdst, with pebble-cobble 
clasts and minor rootlets. none 0 Incipient-

paleosol 
L: gradational 
U: sharp 

Table 2.1. Table of Facies defined in lower Nanaimo Group strata in the Comox and Nanaimo sub-basins. Lithology 
abbbreviations: conglomerate (CGL), sandstone (Sst), siltstone (Slst), mudstone (Mdst). Trace Fossil abbreviations: Arenicolites (Ar), 
Asterosoma (As), Chondrites (Ch), Conichnus (Co), Cosmorhaphe (Cos), Cylindrichnus (Cy), Diplocraterion (Di), fugichnia (fu), 
Gyrolithes (Gy), Helminthopsis (He), Macaronichnus (Ma), Ophiomorpha (Op), Palaeophycus (Pa), Phycosiphon (Ph), Planolites (Pl), 
Rosselia (Ro), Schaubcylindrichnus (Sch), Scolicia (Sc), Skolithos (S), Teichichnus (Tei), Thalassinoides (Th), Zoophycos (Z).  
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Figure 2.1. Photographs of Facies 1–4. Scale bar subdivisions are in cm unless otherwise 
noted. The rock hammer is 33 cm long (~1 ft). White circles with labels or symbols are used to 
denote fossils, accessories, and sedimentary structures, and include: fossils or shell hash (Fo), 
dispersed pebbles (Peb), crude stratification (CS), trough cross-stratification (TCS), planar-
parallel lamination (PPL), wavy parallel bedding/lamination (WB) and normal grading (NG). (A) 
Facies 1: fossiliferous clast-supported, pebble-cobble conglomerate with mudstone matrix 
(LQCS1 2–3 m). (B) Facies 2: clast-supported, pebble-cobble breccia with mudstone interbeds 
outlined in red (NRCS1: 3–8 m). (C) Facies 3: clast- to matrix-supported, polymictic pebble-
cobble conglomerate (WFCS: 25–26 m). (D) Facies 4A: thick interbedded conglomerate and 
pebbly sandstone interbeds (ER15: 3–5 m). (E) Facies 4B: thin bedded conglomerate (orange 
polygons), sandstones and silty mudstone interbeds (ER16: 6–7 m). 
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Figure 2.2. Photographs of Facies 5–9. Scale bar provided has cm subdivisions 
unless otherwise noted, rock hammer is 33 cm long (~1 ft). White circles with labels or 
symbols are used to denote fossils, accessories, and sedimentary structures. 
Accessories include: carbonaceous material (Carb) and mud rip-up clasts (RipUp). 
Sedimentary structures include: planar-tabular cross-stratification (PTS), trough cross-
stratification (TCS), planar-parallel lamination (PPL), wavy parallel bedding/ lamination 
(WB). Black circles with labels are used to denote trace fossils, including:  Chondrites 
(Ch), Cylindrichnus (Cy), Macaronichnus (Ma), Ophiomorpha (Op), Planolites (Pl), 
Teichichnus (Tei), Thalassinoides (Th). (A) Facies 5: weakly- to well-laminated coal. 
Coal is overlain/underlain by Facies 18 mudstone (WF2, 12–15 m). (B) Facies 6: trough 
cross-stratified sandstone (WFCS, 154–155 m). (C) Facies 7: trough cross-stratified 
sandstones with low-moderate bioturbation (WFCS, 107–108 m). (D) Facies 9: trough 
cross-stratified sandstone with Macaronichnus (WFCS, 117 -118 m). (E) Facies 8: 
intensely bioturbated sandstone (WF2 1–2 m). 
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Figure 2.3. Photographs of Facies 10–13. Scale bar provided has cm subdivisions unless 
otherwise noted, rock hammer is 33 cm long (~1 ft). White circles with labels or symbols are 
used to denote fossils, accessories, and sedimentary structures, including:  planar-tabular 
cross-stratification (PTS), trough cross-stratification (TCS), current ripples (CR), planar-parallel 
lamination (PPL), wavy parallel bedding/lamination (WB), swaley cross-stratification (SCS), 
hummocky cross-stratification (HCS).  Black circles with labels are used to denote trace fossils, 
including: Ophiomorpha (Op), Planolites (Pl). (A) Facies 10: Swaley cross-stratified sandstone 
(NRCS2, 677–679 m).  (B) Facies 11: Low angle to parallel laminated sandstone (WFCS, 72–73 
m). (C) Facies 12: Glauconitic sandstone (ER3, 14–15 m). (D) Facies 13: Thick bedded 
sandstone and mudstone with depositional dip. Note the mud-draped current ripples (WFCS, 
69–70 m). 



31 
 

 

 

Figure 2.4. Photographs of Facies 14 and 15. Scale bar provided has cm subdivisions 
unless otherwise noted, rock hammer is 33 cm long (~1 ft). White circles with labels or symbols 
are used to denote fossils, accessories, and sedimentary structures, including: fossils or shell 
hash (Fo), mud rip-up clasts  (), current ripples (CR), aggradational current ripples (ACR), 
planar-parallel lamination (PPL), wavy parallel bedding/lamination (WB), sandstone injectites 
(Inj), normal grading (NG), scours (Sco). Black circles with labels are used to denote trace 
fossils, including: Planolites (Pl), Thalassinoides (Th). (A) Facies 14A: Medium to thick bedded 
sandstone with mudstone interbeds (ERCS1, 233–243 m). (B) Facies 14B: Thin-bedded 
sandstone, siltstone and mudstone (ER12, 8–9 m). (C) Facies 14C: Thin-bedded sandstone, 
siltstone, and mudstone intercalated with thick bedded sandstone (LQCS1, 337–338 m). (D) 
Facies 15A: Fossiliferous mudstone with moderate bioturbation (LQCS1, 125 m). (E) Facies 
15B: Planar parallel laminated mudstone with minor interlaminated sandstone and siltstone 
(LQCS1, 340 m). 
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Figure 2.5. Photographs of Facies 16, 17, 18, 19 and 20. Scale bar provided has cm 
subdivisions unless otherwise noted, rock hammer is 33 cm long (~1 ft). White circles with 
labels or symbols are used to denote fossils, accessories, and sedimentary structures, including 
concretions (Con), mud rip-up clasts (RipUp), plant fossils (PFo), inclined planar-tabular cross-
stratification (PTS), planar-parallel lamination (PPL), wavy parallel bedding/ lamination (WB), 
crude stratification (CS). Black circles with labels are used to denote trace fossils, including: 
Chondrites (Ch), Planolites (Pl). (A) Facies 16: Nodular mudstone with siltstone beds and 
laminae (ER12, 8–9 m). (B) Facies 17: Sandy mudstone and siltstone (WFCS, 250–250.5 m). 
(C) Facies 18: Mudstone with minor siltstone laminae (LQCS1, 125 m). (D) Facies 19A: Planar 
parallel laminated mudstone with abundant organic material (NRCS2, 173.5 m). (E) Facies 19B: 
Organic-rich, laminated sandy mudstone and siltstone (WFCS, 83–84 m). (F) Facies 20: Pebbly 
mudstone (bottom) overlain by Facies 2A (NRCS1, 6.5–7 m) 
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2.3. Facies Associations and Depositional Systems 

Facies are grouped into 11 facies associations, and these facies associations are 

grouped into five depositional systems (DS; Table 2.2). Depositional systems are correlated 

across the Georgia Basin and through the lower Nanaimo Group. Depositional systems include 

braided fluvial/alluvial (DS1), coastal plain (DS2), paralic & shallow marine (DS3), marine (DS4), 

and turbidite (DS5). A basal lag is also recognized and mapped, but it does not represent a 

unique depositional environment. Rather, the basal lag records flooding of the basal 

unconformity (mainly a nonconformity) during initial basin transgression and as such is not 

assigned a depositional system. Depositional systems 1 to DS4 are derived from Kent, (2018) 

and Kent et al. (2020). The basal lags and DS5 are defined in this study. 

Depositional 
System 

Facies 
Association Facies Depositional Environment 

Basal Lag* 1 1 Basal Lag 
DS1 – Braided 
Fluvial/Alluvial  

2 2, 20 Alluvial Fan 
3 3, 4A, 4B, 5, 6, 20 Braided River Channel Belt 

DS2 – Coastal Plain 
4 6, 7, 13 Fluvio-tidal channels 

5 5, 19A, 19B Flood plain & swamp 

DS3 – Paralic & 
Shallow-Marine 

6 5, 8, 9, 19A Tidal Flat 
7 8, 10, 17, 18 Delta 

8 9, 10, 11, 15A, 15B Shoreface & Storm-dominated inner shelf 

DS 4 – Marine 9 12, 15A, 15B, 16 Outer shelf (below storm-wave base)  

DS 5 – Turbidite 
Systems 

10 4A, 4B, 6 Turbidite channel  

11 14A, 14B, 14C, 16 Turbidite levees, overbank, crevasse 
splays and channel abandonment 

Table 2.2. Depositional systems defined for the lower Nanaimo Group with their constituent 
sedimentary facies (Table 2.1), facies associations and depositional environment/architecture. 
*Note that the basal lag comprises coarse-clastics deposited directly over the basal 
unnconformity, and is not equivalent to the other depositional systems. As such, it is not 
assigned a number. 

2.3.1. Basal Lag 

The basal lag is represented in the study area by Facies 1 (F1; Table 2.1) and does not 

record deposition in a specific depositional setting. It refers solely to basal Nanaimo Gp strata 

directly overlying the basal nonconformity (Fig. 1.6). The basal lag is referred to as FA1 simply 
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for the purposed of facies coding in individual and composite stratigraphic sections (see below). 

It is characterized by fossiliferous, clast-supported, pebble-boulder conglomerate that is 

commonly monomictic. Clasts are mainly composed of igneous lithologies that are lithologically 

identical to the rocks directly underlying the nonconformity in the immediate vicinity of the lag 

deposit. The basal lag is observed on the Little Qualicum and Englishman rivers as well as at 

Cottam Point near the Nanoose Uplift, it is possible these deposits alternatively represent 

transgressive lags.  

2.3.2. Depositional System 1 (DS1): Braided Fluvial/Alluvial 

Depositional System 1 includes two coarse-grained facies associations: alluvial fans 

(FA2) and braided fluvial channel belts (FA3). FA2 is dominated by F3 with rare interbedding or 

discontinuous lenses of F20. The coarse-grained deposits of F3, F4A, F4B and F6 are the most 

common facies in FA3, with very rare occurrences of F5 and F20. DS1 is observed along 

Wilfred “Coal” Creek, and along the Nanaimo and Englishman rivers. 

2.3.3. Depositional System 2 (DS2): Coastal Plain 

Depositional System 2 comprises coastal-plain deposits and comprises FA4 and FA5. 

Facies Association 4 is characterized by F6 and F7 with minor F13 and is interpreted to 

represent fluvio-tidal channels based on the presence of facies crossing trace fossil 

assemblages and unidirectional current structures. Facies Association 5 comprises swamp and 

flood-plain deposits and is dominated by F19A and F19B with rare F5. Strata interpreted as DS2 

are observed along Wilfred Creek and the Nanaimo and Englishman rivers. DS2 is one of the 

most prevalent terrestrial depositional systems preserved in the lower Nanaimo Group. Long 

covered sections with sporadically distributed (and unlogged) outcrops of F19A and/or F19B, 

and that occur between outcrops of paralic (DS3) or terrestrial (DS1, DS2) successions are 

interpreted herein as DS2 mudstones that were glacially eroded and removed.  

2.3.4. Depositional System 3 (DS3): Paralic and Shallow Marine 

Depositional System 3 comprises three facies associations including tidal flat (FA6), 

delta (FA7), and high-energy shoreface (see Dashtgard et al., 2021) and inner shelf (FA8). 

Facies Association 6 is dominated by F8 with minor interbedding of F9, F19A, and rare F5. 

Facies Association 7 comprises F8, F10, F17, and F18, without a predominant facies. Strata 
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interpreted as FA8 mainly consist of sandstone-dominated facies including F9, F10 and F11 

with minor interbedding of F15A and F15B. Deposits attributed to DS3 are present in all outcrop 

and core sections with the exception of the Little Qualicum River section. 

2.3.5. Depositional System 4 (DS4): Marine 

Depositional System 4 is represented by FA9 only. Facies Association 9 is interpreted to 

represent marine deposition below storm-wave base in the outer shelf and deeper water 

positions. DS 4 does not include turbidite deposits. FA9 is characterized by interfingering of fine-

grained facies including F12, F15A, F15B and F16. Recognition of marine ichnologic 

assemblages and/or the presence of marine fossils/shells is common. Sandstone injectites are 

commonly observed in strata interpreted as FA9 in the central to southeastern Comox SB. DS4 

constitutes the dominant depositional system in the Haslam Fm / Trent River Fm (Fig. 1.4) and 

occurs in all outcrops investigated in this study. Herein, unlogged or covered sections that 

separate logged outcrops of DS4 or DS5 deposits are interpreted to have be glacially removed 

and eroded marine mudstone (DS4) intervals. 

2.3.6. Depositional System 5 (DS5): Turbidite System 

Depositional System 5 comprises FA10 and FA11, both of which are interpreted as 

deep-water, turbidite-related deposits as they contain evidence of Bouma Cycles (Bouma, 1962)  

such as the TA, TAB, TABC, TBC, and TBCE divisions and corresponding deep-water trace fossil 

assemblages (Table 2.1). Facies Association 10 is characterized by coarse-grained facies (F4A 

and F4B) represent grain flow and high density turbidites that were deposited in a turbidite 

channel or submarine canyon. Facies Association 10 includes thin bedded turbidite facies 

interpreted as levee complexes, overbank deposits and possible crevasse splays. F14A and 

F14C dominate FA11, and F14B and F16 only occur uncommonly. A typical DS5 succession 

comprises F16 grading upwards into F14B followed by F14A and F14C. Depositional System 5 

is well expressed on the Little Qualicum, Englishman and Nanaimo rivers as well as at Little 

Mountain.  

2.4. Detrital Zircon and Biostratigraphic Data 

Detrital Zircon (DZ) and biostratigraphic datasets are used to refine correlations in the 

lower Nanaimo Group. DZ data, including various MDA and MLA (Maximum Likelihood Age) 
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calculations are presented in Table 2.3. As noted in Chapter 1, samples DZ3, DZ15–DZ19 and 

DZ21–DZ22 were collected and analyzed for this project. The other samples are from published 

datasets (see Table 2.3 and references therein). To keep consistency with the correlations of 

Kent et al. (2020) in the northern Comox SB, regional correlations employ MDAs calculated 

using the youngest three grains at 2σ error (Y3Zo, Table 2.3). 

This weighted average of Y3Zo (Table 2.3) is selected as a compromise between 

employing the youngest single grain (YSG, Table 2.3) versus using the youngest three or more 

grain cluster overlapping at 2σ uncertainty (Y3G2S, Table 2.3). YSG MDAs are interpreted to 

represent the closest values to the true depositional age (TDA) of the strata containing the DZ, 

however, they are particularly susceptible to erroneous ages due to lead loss and are commonly 

not reproducible (Dickinson & Gehrels, 2009; Coutts et al., 2019).The Y3GC2S method for 

calculating MDAs is considered one of the most statistically valid MDA calculations and is 

commonly employed in peer-reviewed literature, since the resulting ages are reproducible 

(Dickinson & Gehrels, 2009; Coutts et al., 2019). The drawback with Y3GC2S MDAs is that they 

typically underestimate the TDA, producing overly conservative results (Dickinson & Gehrels, 

2009) that are rarely accurate and display higher mean residual errors (Coutts et al., 2019).  

The most recent statistical method for DZ MDA analysis is the Maximum Likelihood Age 

(MLA; Vermeesch, 2020), which repurposes a model that was originally developed for fission 

track thermochronology. The MLA method is a statistical calculation that parameterises the MDA 

calculation with a mixture of discrete and continuous age distributions, which returns values that 

do not suffer from the same negative drawbacks as the more widely used methods, such as the 

tendency for conservative MDAs (e.g., Y3Zo MDAs) to become increasingly older as more grains 

are analyzed (Vermeesch, 2020). When comparing MLA ages to other MDA ages (Table 2.3), 

MLA ages appear closest to those derived through the Y3GC2S method (Table 2.3), and both 

appear to significantly overestimate the TDA of the various samples based on nearby 

biostratigraphic samples. 
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DZ 
Sample 
Number 

Original 
Name 

Section 
Name 

Stratigraphic 
Height or 

Core Depth 
(m) 

SYG        
(mya) 

Y3Zo  
(mya) 

MLA           
(mya) 

Y3GC2S 
(mya) 

Sample Location 
 

Latitude             Longitude 
Age Source 

DZ1 QU 2 Quinsam 
Coal 86 (core) 93.9 ± 2.8 94.1 ± 1.7 97.01 ± 0.8 96.7 ± 1.7 49.94870° N 125.44857° W  Cenomanian Kent et al. 

2020 

DZ2 QU 1 Quinsam 
Coal 47 (core) 104.9 ± 3.5 106.4 ± 2.6 115.59 ± 0.49 110.6 ± 1.3 49.94870° N 125.44857° W Albian Kent et al. 

2020 
DZ3 OR 6 Oyster River 920.5 82.3 ± 5.0 83.2 ± 2.5 91.88 ± 0.24 88.16 ± 0.62 49.89540 ° N 125.24902 ° W Campanian this study 

DZ4 OR 5 Oyster River 535 82.2 ± 4.3 82.4 ± 2.3 84.35 ± 1.3 86.1 ± 1.2 49.88371° N 125.27428° W Campanian Kent et al. 
2020 

DZ5 OR 4 Oyster River 256 87.5 ± 4.9 87.7 ± 2.9 93.38 ± 0.35 92.87 ± 0.54 49.87727° N 125.29556° W Coniacian Kent et al. 
2020 

DZ6 OR 3 Oyster River 89 85.7 ± 5.8 86.4 ± 3.1 91 ± 0.84 90.6 ± 1.3 49.86651° N 125.31396° W Coniacian Kent et al. 
2020 

DZ7 OR 2 Oyster River 40 115.7 ± 4.6 116.0 ± 1.8 119.03 ± 0.23 119.03 ± 0.34 49.86442° N 125.31696° W Aptian Kent et al. 
2020 

DZ8 OR 1 Oyster River 3 83.3 ± 6.2 108.9 ± 3.7 117 ± 0.41 115.37 ± 0.90 49.86475° N 125.31867° W Albian Kent et al. 
2020 

DZ9 BR Brown's River 341 82.6 ± 2.4 82.8 ± 1.7 88.21 ± 0.32 85.40 ± 0.69 49.69353° N 125.07790° W Campanian Kent et al. 
2020 

DZ10 DC 3 Dove Creek 
D2-A 217 (core) 82.8 ± 2.4 83.8 ± 1.5 86 ± 0.95 86.54 ± 0.56 49.70755° N 125.02523° W Santonian Kent et al. 

2020 

DZ11 DC 2 Dove Creek 
D2-A 310 (core) 85.1 ± 3.3 85.4 ± 2.1 88.55 ± 1.11 89.60 ± 0.70 49.70755° N 125.02523° W Santonian Kent et al. 

2020 

DZ12 CO2 Trent River 452.9 
estimated 84.2 ± 3.3 84.6 ± 1.8 86.25 ± 1.39 87.83 ± 0.73 49.59970 ° N 124.98300 ° W Santonian Matthews 

et al. 2017 

DZ13 TR 2 Trent River 338 80.5 ± 4.1 81.0 ± 2.6 87.14 ± 0.83 85.47 ± 0.77 49.59012° N 124.99457° W Campanian Kent et al. 
2020 

DZ14 TR 1 Trent River 68 83.0 ± 4.9 83.5 ± 2.3 86.54 ± 0.7 87.71 ± 0.89 49.57842° N 125.02495° W Campanian Kent et al. 
2020 

DZ15 WF Wilfred Creek 64.5 84.4 ± 2.7 85.2 ± 1.7 86.76 ± 1.07 87.0 ± 1.3 49.470594° N 124.845761° W Santonian this study 

DZ16 LQ Little 
Qualicum 6.5 77.9 ± 4.4 81.5 ± 2.4 87.71 ± 0.61 84.0 ± 1.2 49.318568 °N 124.555188 °W Campanian this study 

DZ17 WB Wall Beach 19 79.0 ± 5.1 81.0 ± 2.5 84.87 ± 0.76 85.38 ± 0.77 49.312700° N 124.242620° W Campanian this study 
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DZ18 TB 

Englishman 
River -
ERCS2 

Extension-
Protection 

Fm 
equivalent 

11.9 78.2 ± 9.3 78.7 ± 2.9 86.36 ± 0.36 83.51 ± 0.65 49.298155° N 124.266941° W Campanian this study 

DZ19 ER 

Englishman 
River -
ERCS1 
Comox-

Haslam Fm 
equivalent 

93.5 77.8 ± 3.1 78.3 ± 2.0 78.19 ± 1.56 79.8 ± 4.2 49.256709° N 124.345289° W Campanian this study 

DZ20 GabEx 

Nanaimo 
River -
NRCS2 

Extension-
Protection 

Fm 
equivalent 

~ 155-165 
estimated 78.8 ± 4.9 79.3 ± 2.7 85.05 ± 0.7 84.0 ± 1.2 49.064417 °N 123.961912 °W Campanian Coutts et 

al. 2020 

DZ21 NR2 

Nanaimo 
River –
NRCS2 

Extension-
Protection 

Fm 
equivalent 

89.9 78.0 ± 4.2 78.5 ± 2.3 84.09 ± 0.42 83.46 ± 0.56 49.075073° N 123.909372° W Campanian this study 

DZ22 NR1 

Nanaimo 
River – 
NRCS1 
Comox-

Haslam Fm 
equivalent 

98.6 74.5 ± 2.6 77.3 ± 8.1 87.71 ± 0.61 78.0 ± 5.1 49.071676° N 123.999728° W 
U. 

Santonian 
to L. 

Campanian 
this study 

Table 2.3. Detrital Zircon data including sample numbers (and original names), location, name of section and various MDA age 
estimates in millions of years (mya) including: single youngest grain (SYG), youngest three grains at 2σ error (Y3Zo), maximum 
likelyhood age (MLA), and youngest three grain or more cluster at 2σ error (Y3G2S). The position of samples in outcrop sections 
(values increase from base of composite section upwards) and in cores (depths increase from surface downward) are in meters. 
Samples derived from cored sections are indicated in the stratigraphic height/depth column.
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Seventeen biostratigraphic ages are also included, and are derived from the literature 

(F1–F6, F9, F12–F15, Table 2.4) or are from fossil specimens collected during this project (F7, 

F8, F10, F11, F16, F17, Table 2.4). Table 2.4 includes all 17 samples, their location, 

stratigraphic height relative to the basal unconformity, their original sample name, and the 

biozone they represent based on the biostratigraphic zonation schemes of 1) Ward (1978), and 

2) Haggart et al. (2018), and Ward et al. (2012). For samples that lack GPS coordinates or for 

which coordinates do not match written descriptions, sample positions are estimated using 

Google Earth Pro and written descriptions. Note, sample F4 (Table 2.4) represents a site on the 

Trent River from which various fossil specimens at near equivalent stratigraphic intervals were 

collected by different authors.  

Fossil ages are also compared to three major biostratigraphic frameworks proposed for 

the Nanaimo Group (Figure 2.6), illustrating the evolution of biostratigraphic age designations 

through time and the reassignment of the earlier samples to subsequently newer schemes. The 

3 schemes are from: 1) Muller and Jeletzky (1970), 2) Ward (1978), and 3) Haggart et al. (2018) 

and Ward et al. (2012)(Fig. 2.6). Notably, each successively newer framework typically assigns 

the same fossils to older ages (Figure 2.6). Fossil ages shown in Table 2.4 are based on the  

Ward et al. (2012) and Haggart et al. (2018) framework, and are used to guide regional 

correlations presented in Chapter 3. The locations of samples F6–F17 are shown on the 

geologic maps for Wilfred Creek, Little Qualicum River, Englishman River, and  Nanaimo River 

as well as their respective outcrop location maps in Appendix B. Samples F1–F5 are located in 

sections investigated by Kent. et al. (2020), and hence, only their coordinates are given (Table 

2.4). 
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Fossil 
Sample 
Number 

Original 
Sample 
Name 

Section 
Name 

Height 
/Depth 

(m) 

Fossil Zone (Ward, 
1978) 

Fossil Zone (Haggart et 
al., 2018; Ward et al., 

2012 ) 

Sample Location 
 

Latitude             Longitude 
Age Source 

F1 MCM100 BR 503 
Bostrychoceras elogatum 

Zone, Inoceramus 
naumanni sp. subzone 

Eubostrychoera 
elongatum Zone, 

Inoceramus. naumanni 
sp. subzone 

49.694444 ° 
N 

125.056944° 
W Santonian Ward 1978 

F2 MCM106 TR 350 
Bostrychoceras elogatum 

Zone, Inoceramus 
naumanni sp. subzone 

Eubostrychoera  
elongatum Zone, 

Inoceramus. naumanni 
sp. subzone 

49.592233° 
N 

124.991553° 
W Santonian Ward 1978 

F3 MCM 108 TR 449 
Bostrychoceras elogatum 

Zone, Inoceramus 
naumanni sp. subzone 

Eubostrychoera 
elongatum Zone, 

Inoceramus. naumanni 
sp. subzone 

49.599107° 
N 

124.983071° 
W Santonian Ward 1978 

F4 MCM 110 TR 529 Baculites chicoensis Pseudoschloenbachia 
umbulazi, 

49.604985° 
N 

124.975059° 
W 

Lower 
Campanian Ward 1978 

F4 Trent 
River TR 529 Baculites chicoensis Pseudoschloenbachia 

umbulazi, 
49.604985° 

N 
124.975059° 

W 
Lower 

Campanian 
Haggart et al. 

2018 

F4 Trent 
River TR 529 Baculites chicoensis Pseudoschloenbachia 

umbulazi, 
49.604985° 

N 
124.975059° 

W 
Lower 

Campanian 
Ward and 

Mallory 1977 
F4 

 MCM 111 TR 531 Baculites chicoensis Pseudoschloenbachia 
umbulazi, 

49.604561° 
N 

124.972838° 
W 

Lower 
Campanian Ward 1978 

F5 GSC 
60845 TR 631 Baculites chicoensis Hoplitoplacenticeras 

vancouverense 
49.620343° 

N 
124.965548° 

W 
Lower to 
Middle 

Campanian 
Ward 1978 

F6 MCM 114 LQ 30 Baculites chicoensis Eubostrychoera  
elongatum 

49.329163° 
N 

+  written 
description 

124.552782° 
W 

+  written 
description 

Santonian Ward 1978 

F7 LQ1 HS2 LQ 99 Baculites chicoensis? Eubostrychoera  
elongatum? 

49.324603° 
N 

124.555271° 
W Santonian This study 



41 
 

F8 LQ1 HS4 LQ 166 Marsupites testudinarius? Inoceramus schmidti? 49.326115° 
N 124.5525° W Upper 

Santonian This study 

F9 MCM 115 ERCS1 100 Inoceramus schmidti Marsupites testudinarius 49.252778° 
N 

124.346881° 
W 

Upper 
Santonian Ward 1978 

F10 ER13 
ammonite ERCS1 247 Baculites chicoensis? 

Pseudoschloenbachia 
umbulazi? OR Baculites 

chicoensis? 

49.282271° 
N 

124.300541° 
W 

Lower 
Campanian This study 

F11 Dashtgard 
Sample ERCS1 250 Baculites chicoensis? Baculites chicoensis? 49.275414° 

N 
124.316341° 

W 
Lower 

Campanian This study 

F12 MCM 116 NRCS1 120 
Bostrychoceras elongatum 

Zone, Inoceramus 
naumanni sp. subzone 

Eubostrychoera 
elongatum Zone, 

Inoceramus naumanni sp. 
subzone 

49.071900° 
N 

123.995000° 
W 

Upper 
Santonian Ward 1978 

F13 MCM 117 NRCS1 185 Inoceramus schmidti Marsupites testudinarius written 
description 

written 
description 

Upper 
Santonian Ward 1978 

F14 MCM 118 NRCS1 205 Inoceramus schmidti Marsupites testudinarius written 
description 

written 
description 

Upper 
Santonian Ward 1978 

F15 

Location 
3D 

(Nanaimo 
River 

Island) 

NRCS1 212 Inoceramus schmidti Marsupites testudinarius 49.0729667° 
N 

123.9875389° 
W 

Upper 
Santonian 

Haggart et al. 
2018 

F16 NR8 HS1 NRCS1 275 Inoceramus schmidti? OR 
Baculites chicoensis? 

Marsupites testudinarius? 
OR Baculites chicoensis? 

49.072222° 
N 

123.981214° 
W 

Upper 
Santonian This study 

F17 NR8 HS2 NRCS1 303 Baculites chicoensis Pseudoschloenbachia 
umbulazi? 

49.072016° 
N 

123.979141° 
W 

Lower 
Campanian This study 

Table 2.4. Fossil data including sample number (and original name), location, name of section and corresponding biozone in 
both the Ward (1978) and Ward et al. (2012)/ Haggart et al. (2018) schemes (see Fig. 2.6 for illustrated schemes). The position of 
samples in outcrop sections (heights increase from base of section upwards) are provided in meters. The Cretaceous stage of each 
sample is shown in age column and is based on the Ward et al. (2012)/ Haggart et al. (2018) scheme. Biostratigraphic samples 
collected for this study may show two zones to account for uncertainty in fossil identification. Composite sections names: (BR) 
Browns River, (TR) Trent River, (LQ) Little Qualicum River, (NR) Nanaimo River. 
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Figure 2.6. The three major macrofossil biostratigraphic zonation schemes 
proposed for Nanaimo Group strata with all 17 samples (F1-F17) from Table 
2.4 plotted according to each scheme. For the purposes of correlations in this 
study, samples are assigned ages based off the most recent biostratigraphic 
zonation scheme (the righthand schemes of Ward et al., 2012 and Haggart et 
al., 2018) 
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2.5. Geological Maps of Key Measured Sections 

Four geological maps were produced for the areas immediately adjacent to the four main 

outcrop areas: Wilfred “Coal” Creek (WF), Little Qualicum River (LQ), Englishman River (ER), 

and Nanaimo River (NR). These four areas were extensively investigated by drone, by truck and 

by foot traverse in the summer of 2019, with a particular focus on outcrops exposed along the 

creeks and river channels. Large-format versions of the 4 geological maps are available in 

Appendix A.  

The geological maps for Wilfred Creek (Fig. 2.7), Little Qualicum River (Fig. 2.8), and 

Englishman River (Fig. 2.9) employ “outcrop location maps” (topographical maps that display 

geo-referenced data such as the tops and bases of sections, sample locations and upsection 

direction; see Appendix B) created in ARCMAP®/ARCGIS® which were then were edited in 

Coreldraw® X8. Satellite imagery inset maps are downloaded from Google Earth Pro®. 

Geological structures, contacts, and relations between rock units are based on both field 

observations and information from historical geologic maps (see each map references). The 

Nanaimo River geological map (Fig. 2.10) is modified from the Nanaimo Coalfield Map (Cathyl-

Bickford & Hoffman, 1998). The modified map presented herein includes new observations and 

the location of the 22 stratigraphic sections used to construct the corresponding Nanaimo River 

composite log. 
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Figure 2.7. Geologic map of the Wilfred “Coal” Creek area, Vancouver Island, BC. Inset figures display approximate locations of the area (satellite imagery, left) and regional area (right). Map is based on both field 
observations made in the summer 2019, and Figures 4, 75, and 76 from GSC Bulletin 498 (Yorath et al., 1999). Location of the one detrital zircon sample taken from Wilfred Creek is demarcated by the black star and the 
DZ number corresponds to Table 2.3. The tops (red circles) and bases (green circles and labelled) of individual sections, faults, strike and dip measurements, major coal beds, and geological contacts are shown. A large-
format version of this map is available as Fig. A1 in Appendix A and the corresponding outcrop location map (topographical map with geology removed, showing locations only) is available as Fig. B1, Appendix B. Google 
Earth imagery includes Data from Google (2020) SIO, NOAA, U.S. Navy, NGA, GEBCO, LDEO-Columbia, NSF, Image Landsat / Copernicus. 
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Figure 2.8. Geologic map of the Little Qualicum River area, Vancouver Island, BC. Inset figures display approximate locations of the local area (satellite imagery, left) and regional area (right). Map is based on field 
observations over summer 2019 and Figures 4, 75, and 76 from GSC Bulletin 498 (Yorath et al., 1999). Location of the one detrital zircon sample taken from Little Qualicum River is demarcated by the black star and the DZ 
number corresponds to Table 2.3. The location of fossil samples collected previously (historical samples) are shown as purple circles, and their numbers correspond to Table 2.4. Sample F6 is displayed twice, because the 
original position provided in the primary source was erroneous; its true, corrected position (based on written descriptions) is shown. The tops (red circles) and bases (green circles and labelled) of individual sections, faults, 
strike and dip measurements, and geological contacts are shown. A large-format version of this map is available as Fig. A2 in Appendix A and the corresponding outcrop location map (topographical map with geology 
removed, showing locations only) is available as Fig. B2, Appendix B. Google Earth imagery includes Data from Google (2020) SIO, NOAA, U.S. Navy, NGA, GEBCO, LDEO-Columbia, NSF, Image Landsat / Copernicus. 



46 
 

 

Figure 2.9. Geologic map of the Englishman River area, Vancouver Island, BC. Inset figures display approximate locations of the local area (satellite imagery, right) and regional area (left). Map is based on field 
observations over summer 2019, Figure 1 McGugan (1990), and Figures 4, 75, and 76 from GSC Bulletin 498 (Yorath et al., 1999). Location of the two detrital zircon samples taken from Englishman River are demarcated 
by black stars and the DZ number corresponds to Table 2.3 The location of fossil samples collected in this study or previously (historical samples) are shown as purple circles, and their numbers correspond to Table 2.4. 
The approximate trace of Tertiary-aged dykes and sills that crosscut the Nanaimo Group are shown as pink rectangles. The tops (red circles) and bases (green circles and labelled) of individual sections, faults, strike and 
dip measurements, geological contacts, and major structures (e.g., antiforms) are shown. A large-format version of this map is available as Fig. A3 in Appendix A and the corresponding outcrop location map (topographical 
map with geology removed) is available as Fig. B3, Appendix B. Google Earth imagery includes Data from Google (2020) SIO, NOAA, U.S. Navy, NGA, GEBCO, LDEO-Columbia, NSF, Image Landsat / Copernicus.
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Figure 2.10. Geologic map of the Nanaimo River area, Vancouver Island, BC. Inset figures 
display approximate locations of the local area (satellite imagery, right) and regional area (left). 
Map is partially adapted from the Nanaimo Coalfield Map (Sheet 3 of 6 in Cathyl-Bickford & 
Hoffman (1988) and references therein). Location of detrital zircon samples taken from Nanaimo 
River are demarcated by the black stars and the DZ numbers corresponds to Table 2.3. The 
location of fossil samples collected in this study or previously (historical samples) are shown as 
purple circles, and their numbers correspond to Table 2.4. The bases (green circles and 
labelled) of individual sections, faults, strike and dip measurements, geological contacts, and 
major structures (e.g., antiforms) are shown. A large-format version of this map is available as 
Fig. A4 in Appendix A and the corresponding outcrop location map (topographical map with 
geology removed, showing locations only) is available as Fig. B4, Appendix B. Google Earth 
imagery includes Data from Google (2020) SIO, NOAA, U.S. Navy, NGA, GEBCO, LDEO-
Columbia, NSF, Image Landsat / Copernicus. 

2.6. Composite Section Lithologs of Key Measured Sections 

A total of 57 individual stratigraphic sections were logged along Wilfred “Coal” Creek 

(WF), Wall Beach (WB), Little Mountain (LM), Little Qualicum River (LQ), Nanaimo River (NR) 

and Englishman River (ER; see maps in Appendix B for locations and Appendix D  for individual 

stratigraphic logs). Wall Beach and some of the individual outcrop sections on the NR/ER used 

to construct the composite logs were derived or modified from Jones (2016) and Jones et al. 

(2018). Due to structural deformation and faulting of Nanaimo Group strata along the ER and 

NR, most logged sections along those rivers are limited to fault-bounded blocks. Seven 

composite section logs (CS) were produced from the 57 stratigraphic sections, including: one for 

WF (WFCS, Fig. 2.14), one for LQ (LQCS Fig. 2.15) two for ER (ERCS1, Fig. 2.16 and ERCS 2, 

Fig. 2.17), two for NR (NRCS1, Figs. 2.19 and NRCS2, Fig. 2.20), one for LM (LMCS, Fig. 

2.22), and one for WB (WBCS, Fig. 2.24). 

The strata along all 57 individual logs and 8 composite logs are divided into Facies 

Associations and Depositional Systems, and the legend for their colour coding is provided in 

Figure 2.11. Figure 2.12 is the symbol library for interpreting the sedimentology, lithology, 

paleontology, Bioturbation Index (BI:Taylor & Goldring, 1993, modified after Reineck, 1963; and 

Reineck & Singh, 1980;) and ichnological data of the composite sections and individual 

stratigraphic sections. Figure 2.12 also includes details on other symbols shown on logs (e.g., 

rose plots of bedding dips and dip directions). 
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Figure 2.11. Legend for composite stratigraphic lithologs, including Facies 
Associations (FA) and Depositional Systems (DS). 
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Figure 2.12. Legend for individual and composite stratigraphic lithologs including 
lithologies, sedimentary structures, lithologic accessories, trace fossils/ichnology, and 
bioturbation intensity. These symbols apply both to composite logs presented in this 
chapter (and full-sized versions in Appendix C), and to individual stratigraphic sections 
available in Appendix D. 
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2.6.1. Wilfred Creek Composite Section (WFCS) 

 The base of the Wilfred “Coal” Creek composite section (WFCS; Fig. 2.13) is 

located at the basal unconformity, which is a nonconformity at this location (pillow basalts and 

andesites of the Karmutsen Fm of Wrangellia), at 49.469781° N, 124.848607° W. The top of the 

composite section is located at 49.477347° N, 124.832938° W; NE and down-river of this point 

there are no measurable outcrops of Nanaimo Group strata until Denman Island (approximately 

5.5 km to the NE). A total of four individual sections (WF1–WF4) were measured on Wilfred 

Creek and sections WF1,WF3 and WF4 are combined to form the composite section (Fig. 2.13). 

WF2 is interpreted as repeated strata. Detailed descriptions of the individual outcrop sections 

are provided in Appendix D. Below are descriptions of general trends in depositional systems 

seen in each outcrop section; however, all stratigraphic heights listed below refer to composite 

section stratigraphic heights (Fig. 2.13). 

Wilfred Creek Section 1 (WF1) is the longest continuous section measured on Wilfred 

Creek (186.6 m of continuous section). It extends from the nonconformity up-section to a large 

quartz-calcite infilled fault surface. All strata along WF1 dip consistently to the NE, with dip 

directions of 35°–59° and dips that vary between 9° and 23°. The quartz/calcite infilled fault at 

the end of WF1 is of unknown regional extent, after which a new section, WF2, begins. WF1 

begins with braided-fluvial deposits (FA3, DS1; WFCS 0–49 m, Fig. 2.13) with rare covered 

sections. The dominantly braided-fluvial deposits grade upwards into a thick coastal-plain 

succession (DS2; WFCS 49–102 m, Fig. 2.13) that is correlative with the regionally extensive 

coal-bearing DS2 deposits of the Cumberland Member of the Comox Fm in the northern Comox 

SB (Kent et al. 2020). The first appearance of economically exploited coal on WF is a small adit 

(excavated in 1908) into a seam at 92 m (Figs. 2.7 and 2.13; Bickford et al., 1990); this seam is 

interpreted as the Quinsam No. 4 seam based on regional stratigraphic relationships and DZ 

MDAs. FA4 is the dominant facies association in the DS2 interval between 49 and 102 m (Fig. 

2.13) with less abundant deposits of FA5. The interval from 102–165 m comprises the first 

appearance of thick and continuous DS3 deposits including FA6 and lesser interstratified FA8. 

The 165–186.6 m interval, which defines the top of WF1, is characterized by another DS2 

deposit with two unnamed coal seams (coal seam A and coal seam B, Figs. 2.13 and 2.14). 

Based on historical mapping, the thick coal-bearing DS2 deposits do not appear to extend 
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further southeast, but instead pinchout or interfinger with shallow-marine strata in strata along 

Rosewall Creek (see Fig. 2.7; Yorath et al., 1999).  

Figure 2.13. Wilfred Creek composite section (WFCS), with individual stratigraphic 
section names shown on the right-hand side of each log. The composite stratigraphic 
elevation is shown to the left of the stratigraphic log. Sedimentary structures, lithologic 
accessories, bioturbation intensity, ichnology and fossils plotted. Facies Associations 
(FAs) and Depositional Systems (DS) are plotted to the right of each litholog. Detrital 
zircon samples (red dots) are shown next to the section and the associated data are 
available in Table 2.3. For litholog legend see Figures 2.11 and 2.12, for a large-format 
version of WFCS see Appendix C. 
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Downstream of the fault that marks the end of WF1 is WF2, a similarly NE dipping 

outcrop. WF2 displays a similar DS2 succession including two coal seams interpreted as the 

same two coal seams, A and B, from WF1 (Figs. 2.7, Figs. 2.13 and 2.14), and similar 

characteristic facies, beds, and stratal thicknesses to WF1 (Figs. 2.13 and 2.14). Consequently, 

WF2 is interpreted as a fault-repeated section of the 154–183.5 m interval on WFCS (also 

WF1). A short covered section separates the top of WF2 from WF3, and since the WF2 outcrop 

is interpreted as a repeated strata, the WFCS continues on at the base of WF3.  

Section WF3 comprises the interval 220–295 m on WFCS (Fig. 2.13) and consists of 

more steeply dipping (34°–39°) strata that have dip towards the E (92°–120°). WF3 is 

dominated by DS3 strata with minor DS2 deposits occurring from WFCS 245–253 m. The 

Figure 2.14. A comparison of WF1 (141–186m Fig. 2.13) and WF2 (154–182m, 
Appendix D) showing their subdivision into 6 units and 2 coal seams (coal A and B). 
The 6 units are correlatable between the two sections, and are used to identify WF2 as 
a repeat of part of WF1. Inset maps show the location of top/base of sections and DZ 
samples (see Figure B1 in Appendix B for full-size map) and the general location of 
Wilfred Creek. Google Earth Imagery and Data from Google (2020), SIO, NOAA, U.S. 
Navy, NGA, GEBCO. 
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nature of the stratigraphic break between the proximal deposits of WF3 and overlying mudstone 

(DS4) of WF4 is occurs within a lengthy covered interval that extends  from WFCS 295–341m 

(Fig. 2.13) and is interpreted as glacially eroded mudstone of DS4.  

The final appearance of Nanaimo Group outcrops on Wilfred Creek are 88 m of marine 

mudstone (DS4) that defines WF4. WF4 strata dip moderately steeply (28°–42°) towards the E–

NE (58°–82°). Covered strata downstream of WF4 are interpreted as comprising mainly DS4. 

Interestingly, the dips and dip directions observed in WF4 are consistent with those recorded on 

Denman and Hornby Island (Katnick & Mustard, 2003; Bain & Hubbard, 2016) suggesting that 

the turbidite deposits on those islands may be continuous with the WF composite section (Fig. 

2.13). Testing this hypothesis requires additional study.  

2.6.2. Little Qualicum River Composite Section (LQCS) 

The Little Qualicum River Composite Section (LQCS) comprises three individual outcrop 

sections (LQ1–LQ3; Appendix D) that are dominated by fine-grained strata (DS4) interpreted as 

Haslam Fm (Fig. 2.15). All three sections display relatively consistent dip directions towards the 

NE (40°–79°) and dips that shallow towards the NE (15°–18° decreasing to 5°) . The three 

sections are separated by large distances of covered interval where no in situ strata are 

observed (Fig. 2.8). The base of LQCS resides at the basal unconformity (a nonconformity on 

the Little Qualicum River) at 49.318376° N, 124.555574° W. The top of LQCS is at 49.353106° 

N, 124.486641° W.  

Establishing the true stratigraphic position of two sections, LQ2 and LQ3, proved difficult 

because the strata comprise mostly featureless mudstone (DS4) that lack distinct bedding 

planes. Consequently, approximating the true thickness of the DS4 mudstone successions and 

covered intervals (Haslam Fm) of LQCS is interpretative, and is based on comparison to 

published thicknesses of the Haslam Fm. The Haslam Fm is interpreted to have a average 

stratigraphic thickness of 200 m (Clapp, 1914; Scott, 1974; Ward, 1978a; Hamblin, 2012) and a 

maximum stratigraphic thickness of 500 m (Scott, 1974; Ward & Stanley, 1982; McGugan, 

1990). If the three mudstone sections and intervening covered intervals are treated as 

continuous, then the thickness of the Haslam Fm on the resulting LQCS would exceed 800 m 

(see LQCS2, Fig. 2.15). Alternatively, if the three outcrop sections are assumed to be in direct 

fault contact (see LQCS1, Fig. 2.15) then the resulting thickness of the Haslam Fm is 

approximately 400 m, which is consistent with published thicknesses of the formation. However, 
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assuming that the three outcrops of DS4 mudstone along the Little Qualicum River are in direct 

fault contact probably introduces significant error and underestimates the true thickness of the 

Haslam Fm in this part of the Georgia Basin. Below are descriptions of the three sections 

described along the Little Qualicum River. All depths referred to in the text are based on the 

cumulative height of the composite section assuming outcrops are in direct fault contact and this 

same composite section (LQCS1, right hand section; Fig. 2.15) is employed for regional 

correlations in order to keep consistency with the historical thicknesses assigned to Haslam Fm 

strata. 

LQ1 comprises the lowest section of LQCS1 (0–195 m, Fig 2.14). The base of LQ1 is 

the basal lag that directly overlies the nonconformity with the underlying plutonic rocks of the 

Early Jurassic Intrusive Suite (Yorath et al., 1999). LQ1 shows a relatively consistent E–NE dip 

direction (40°–79°) and dip (15°–18°). The basal lag (0–3 m) displays a variable thickness as 

result of the underlying topography of the nonconformity and is missing in locations where DS4 

mudstones directly overlie plutonic basement. Overlying the lag are a series of prominent, en 

echelon normal faults. The faulted strata contain a bioturbated sandstone interval (LQCS 1 5–8 

m, Fig. 2.15) that was used to correlate repeated strata through the faulted interval. The 

remainder of LQ1 (LQCS1 149–195 m, Fig. 2.15) comprises dominantly massive mudstone and 

shale (DS4) that lacks any significant detail other than rare fossils and sandstone injectites. 

LQ11 terminates at a covered section that extends to the base of LQ2 (Fig. 2.8). Of note, the 

upper part of LQ1 contains several small, channelized sandstone bodies and thin sandstone 

beds that are interpreted as turbidite channel (FA10) or turbidite levee, overbank, crevasse 

splay or channel abandonment (FA11) deposits, respectively. 

LQ2 consists of 131 m of poorly exposed outcrop of dominantly mudstone and shale 

(DS4) with rare siltstone and very fine-grained sandstone interbeds (LQCS1 195–326 m, Fig. 

2.15) that dip to the NE (42°–59°) at between 6° and 8°. These fine-grained deposits are 

interpreted to represent persistent marine deposition. A covered interval separates the top of 

LQ2 from the base of LQ3 (Fig. 2.8). 
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Figure 2.15. Little Qualicum River composite sections, LQCS1 (right side) and LQCS2 (left 
side), with individual stratigraphic section names shown on the right-hand side of each log. 
LQCS1 and LQCS2 represent the same 3 sections (LQ1–3), but where the sections are 
assumed to be in fault contact (LQCS1), or are separated by significant covered intervals 
(LQCS2). LQCS1 is employed for regional correlations and stratigraphic descriptions. 
Composite stratigraphic elevation is shown to the left of stratigraphic logs in increments of 25 m. 
Sedimentary structures, lithologic accessories, bioturbation intensity, ichnology and fossils 
plotted. Facies Associations (FAs) and Depositional Systems (DS) are plotted to the right of 
each litholog. Detrital zircon samples (red dots) and biostratigraphic samples (purple-dots) are 
shown next to the section and the associated data are available in Tables 2.3 and 2.4. For 
litholog legend see Figures 2.11 and 2.12. For a large-format version of this figure see Appendix 
C. 

LQ3 dips shallowly (5°) to the NE (55°). The outcrops along this river section are steep, 

and due to the very steep nature of the canyon walls and river depth it was not possible to log 

the section in detail. LQ3 (LQCS1 326–386 m) consists of dominantly heterolithics that are 

interpreted to represent turbidite levee, overbank and crevasse splay deposits (FA11, DS5, 

Table 2.2) of the Cowichan Member of the Haslam Fm. Within LQ3 (LQCS1 335–386 m) is a 

fining upwards sequence with the coarsest and thickest sandstone beds observed at the base 

with increasing mudstone up-section interbedded with successively thinner and finer grained 

sandstone and siltstone beds. The end of LQ3 is another covered section with no further 

outcrop occurring up-section and on Vancouver Island. 

2.6.3. Englishman River Composite Sections (ERCS1 and ERCS2) 

The Englishman River (ER) comprises 18 individual sections that are grouped into two 

composite logs (ERCS1 and ERCS2). ERCS1 extends through the lowermost lower Nanaimo 

Group ― Comox and Haslam Fm equivalents (Fig. 2.16) ― and ERCS2 extends through the 

upper lower Nanaimo Group ― Extension-Pender-Protection Fm equivalents (Fig. 2.17). The 

two composite sections are not linked due to geological complexities that make the correlation 

uncertain. ERCS1 (Fig. 2.16) comprises sections ER1–ER13 and ERCS2 comprises sections 

ER14–ER18 (Figs. 2.9 and 2.17).  

2.6.3.1 Englishman River Composite Section 1 (ERCS1) 

Englishman River Composite Section 1 is constructed through the most 

faulted/deformed strata in the study area, and hence, the stratigraphic correlations are the least 

certain. In particular, placing highly deformed, and commonly featureless, mudstone (DS4) 

intervals into stratigraphic context introduces significant uncertainty in determining true 
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thicknesses. Where faults with obvious displacement are identified or where there is a 

significant change in dip/dip directions, new sections were established and logged (Fig. 2.9). 

Adjacent sections that exhibit similar bedding dips but are separated by covered intervals are 

assumed to be continuous and are combined into single continuous sections. The geology of 

area is further complicated by the intrusion of dykes and sills that probably belong to the 

Tertiary, Mount Washington Intrusive Suite (or Eocene Catface Intrusions) which crosscut DS4 

mudstone (Figs. 2.9 and 2.16; England & Calon, 1991; Yorath et al., 1999). 

ERCS1 is constructed by combining sections ER1, ER2, ER8, ER9 and ER10;  sections 

ER3–ER7 and ER11–ER13 are deemed to be repeats of these strata. The five logs that 

comprise ERCS1 all contain strata that dip to the NE, while probable repeat sections show 

highly variable dips (see respective rose plots, Fig. 2.16). Additionally, the five logs are selected 

because the total thickness of DS4 strata, Haslam Fm equivalent, does not exceed the apparent 

500 m maximum thickness of the Haslam Fm (Scott, 1974; Ward & Stanley, 1982; McGugan, 

1990). The repeat sections (sections ER3–ER7 and ER11–ER13) will not be discussed in detail, 

but their equivalency to strata in ERCS1 is shown in Figure 2.16 (for more information see 

Appendix D). Below are descriptions of the sections that define ERCS1. All depths referred to in 

the text are based on the cumulative height in ERCS1 (Fig. 2.16). 

ER1 comprises the lowermost 158 m of ERCS1 (Fig. 2.16). ER1 starts with a coarse-

grained basal lag (2–8 m) that directly overlies the basal unconformity (here a nonconformity) 

with volcanics of the Karmutsen Fm. A short covered interval separates the basal lag from 

overlying fossiliferous mudstone (DS4) of the Haslam Fm, which comprise the rest of ER1. At 

approximately 94 m, a glauconitic sandstone occurs (F11, Fig. 2.16 and Appendix D). ER1 ends 

at a fault (Fig. 2.9) after which ER2 begins. The vertical offset along the fault is unknown and so 

ER2 is placed directly above ER1 in Fig. 2.16 using a faulted contact to separate the two; this 

may result in unintentional over- or under-thickening. ER2 constitutes 158–195 m on ERCS1 

(Fig. 2.16), and comprises heterolithics, interpreted as turbidite deposits (DS5), interbedded with 

marine mudstone (DS4). The top of ER2 is another fault, after which several short mudstone 

outcrops are exposed. These mudstone outcrops were not logged, and are interpreted as strata 

equivalent to ERCS1 75–94 m (directly below the glauconitic sandstone). 

ER3 and ER3A are located downstream of the unlogged mudstone outcrops and consist 

of NW-dipping marine strata with the same glauconitic sandstone repeated in en echelon faults. 

The glauconitic sandstone is interpreted as a repeat of the same bed at 94 m on ERCS1 (Fig. 
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2.16), and hence, ER3 and ER3A are considered repeat sections. Both ER3 and ER3A are 

bounded by faults, with the base of ER3 also forming the top of ER4 (Fig. 2.9). ER4 comprises 

89 m of very poorly exposed mudstone (DS4) that dips to the WSW. The base of ER 4 is 

located near the interpreted axis of a large antiform identified by the change in dip/dip direction 

between ER4 and ER5 (Fig. 2.9). ER3, ER3A and ER4 are interpreted as repeats of strata 

between 100 m and 200 m on ERCS1 (Fig. 2.16). 

Sections ER5–ER7 consist of dominantly featureless mudstone (DS4) with multiple 

Tertiary-aged dykes and sills of the Mount Washington (or Catface) Intrusions. The true 

stratigraphic position of ER5–ER7 is uncertain, although they are interpreted to be the opposing 

limb of the antiform opposite ER4. Of note, it is possible that the NE dipping surfaces in ER5 

and ER7 may have formed through post-depositional deformation or contact metamorphism 

from intrusions. Sections ER5–ER7 are interpreted as repeat sections of the interval between 

100 m and 225 m along ERCS1 (Fig. 2.16); however, this interpretation may significantly 

underestimate the true thickness of the mudstone interval (Haslam Fm equivalent). 

ER8 constitutes 195–247 m on ERCS1 (Fig. 2.16), and is interpreted as directly 

overlying ER2 with a faulted contact between. ER8 contains the last appearance of igneous 

rocks that crosscut Nanaimo Group strata along the Englishman River. From ERCS1 195–233 

m (Fig. 2.16), DS4 dominates and is separately by a sharp contact from overlying turbidites 

interpreted as FA11 (DS5). The top of ER8 is a large fracture surface, after which ER9 begins.  

ER9 comprises 247–293 m on ERCS1 (Fig. 2.16) and consists of NE-dipping 

interbedded DS4 and DS5 deposits. These strata contain a distinctive succession of soft-

sediment deformed sandstone (FA11, DS5) near the top of the section (243–247 m, Fig. 2.16). 

A short-covered interval (ERCS1 293–310 m, Fig. 2.16) separates the top of ER9 from the base 

of ER10, the latter of which contains the final 310–366 m of ERCS1 (Fig. 2.16). ER10 comprises 

poorly exposed outcrops of mudstone (DS4) that dip consistently to the NE. A reverse fault 

marks the top of ER10. ER11–ER13 are interpreted as repeat sections of ER9 (ERCS1 225–

293 m) based on distinctive sedimentological features (i.e., soft-sediment deformed sandstone 

interval) and bed successions with ER11–ER13 defining the opposing limb of a large antiform 

(Fig. 2.9) opposite ER9 and ER10. Beyond ER13, there are no outcrops downstream of ER13 

and along the Englishman River until the appearance of conglomerates (DS1) at the base of 

ERCS2 approximately 3 km towards the NE (Fig. 2.9). Consequently, the top of ER 10 is also 

the top of ERCS1 (Fig. 2.16). 
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Figure 2.16. ERCS1 with individual stratigraphic sections and corresponding rose plots of 
bedding dips are shown to the right of each log. Composite stratigraphic elevation is shown to 
the left of the composite section and the middle repeat section. Sedimentary structures, 
lithologic accessories, bioturbation intensity, ichnology and fossils are shown, and Facies 
Associations (FAs) and Depositional Systems (DS) are plotted to the right of each litholog. 
Detrital zircon samples (red dots) and biostratigraphic samples (purple dots) are shown next to 
the section and the associated data are available in Tables 2.3 and 2.4. For litholog legend see 
Figures 2.11 and 2.12. For a large-format version of this figure see Appendix C. 

2.6.3.2 Englishman River Composite Section 2 (ERCS2) 

Englishman River Composite Section 2 comprises sections ER14, ER17 and ER18; 

ER15 and ER16 are interpreted as repeat sections (Fig. 2.17). The base of ERCS2 is at 

49.2978° N, 124.2672° W, and the top of section is at 49.316319° N, 124.285459° W. Strata in 

ERCS2 shows one of two distinct dip directions: the majority of strata dip consistently to the 

west (239°–290°; ER14, ER17 and ER18) at dips ranging from 8°–10°, and the two repeat 

sections (ER15 and ER16) dip to the NE (20°–36°) with dip values of 16°–20°. These two stratal 

packages with distinctive bedding dips may indicate that either a large-scale fault separates 

them (as shown on Fig. 2.9) or the two intervals occur on opposing limbs of an antiform. In both 

situations, the Englishman River exploits either the fault or fold hinge axial plane surface. The 

combination of ER14, ER17 and ER18 comprise a thicker and more continuous section than the 

combination of ER15 and ER16, and hence, ER14, ER17, and ER18 constitute ERCS2 (Fig. 

2.17). Below are descriptions of the sections that define ERCS2, and all depths referred to in 

the text are based on cumulative heights along the composite section (Fig. 2.17). 

ER14 comprises the basal 54 m of ERCS2. The bottom 18 m consist of thick-bedded 

FA3 deposits (DS1) overlain by an interval of sporadically covered finer grained FA4 strata 

(DS2) from 18–36 m (Fig. 2.17). DS2 deposits are incised into by DS1 strata, and DS1 strata 

become increasingly more poorly exposed between 36 and 54 m. ER15 lies downstream of both 

ER14 and ER16, but based on dip-directions (plotted on GIS software) it underlies, 

stratigraphically, strata of ER16 (see Fig. 2.17). The combined 47 m of strata that constitute 

ER15 and ER16 are interpreted to be the equivalent to the lower 47 m of ERCS2 (Fig. 2.17). 

This interpretation is based upon similar lithologies and bed thicknesses between ER14 and 

ER15–ER16, and likely reflects either fault repetition or an opposing antiform limb (Fig. 2.9). 

A covered interval is interpreted to occur between the top of ER14 (54 m) and the base 

of ER17 (248 m; Fig. 2.17). This covered interval was interpreted previously as eroded 

mudstone of the Pender Fm (Yorath et al., 1999). ER17 consists of 24 m (249–273 m, Fig. 2.17) 
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of coarse-grained strata (DS1) that display a general WNW dip direction. ER18 appears 

continuous with ER17, and the two sections are separated by a short covered-interval (ERCS2 

273–297 m). ER18 extends from ERCS2 297–304 m (Fig. 2.17) and comprises FA8 (DS3) 

strata. The top of ER18 is also the top of ERCS2.  
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Figure 2.17. ERCS2 with individual stratigraphic sections and corresponding rose plots of 
bedding dips are shown to the right of each log. Composite stratigraphic elevation is shown to 
the left of the composite section. Sedimentary structures, lithologic accessories, bioturbation 
intensity, ichnology and fossils are shown, and Facies Associations (FAs) and Depositional 
Systems (DS) are plotted to the right of each litholog. Detrital zircon samples (red dots) and 
biostratigraphic samples (purple dots) are shown next to the section and the associated data 
are available in Tables 2.3 and 2.4. For litholog legend see Figures 2.11 and 2.12. for a large-
format version of this figure see Appendix C 

2.6.4. Nanaimo River Composite Sections (NRCS1 and NRCS2) 

The 29 individual sections logged along the Nanaimo River are split into two composite 

sections: NRCS1 and NRCS2. NRCS1 extends through the lowermost lower Nanaimo Group ― 

Comox and Haslam Fm equivalents (Fig. 2.19) ― and NRCS2 extends through the upper lower 

Nanaimo Group ― Extension-Pender-Protection Fm equivalents (Fig. 2.20). NRCS1 comprises 

sections NR1–NR4, and NRCS2 comprises sections NR6, NR9, NR11–NR13, and NR15–

NR22. Sections NR5, NR7, NR8, NR10, and NR14 are interpreted as repeat sections. An 

additional 7 stratigraphic sections (NR23–NR29) were also logged (available in Appendix D), 

and these strata were interpreted previously as expressions of the Protection and Cedar District 

lithoformations (Fig. 1.5 Cathyl-Bickford et al., 1998; Jones, 2016). However, due to significant 

deformation of these strata and a paucity of age-equivalent strata in the study area, these 

sections are not used in this study.  

The  White Rapids Fault (manifested as a near 90° change in the direction of the river 

channel Cathyl-Bickford et al., 1998) occurs between NRCS1 and NRCS2, and appears to 

juxtapose finer grained deposits of NRCS1 (Haslam Fm equivalents) on the west side of the 

fault with coarse-grained deposits of NRCS2 (Extension Fm equivalents) on the east side (see 

Fig. 2.10 and 2.18).  Since the true stratigraphic relationship between the fine-grained marine 

deposits (DS4 and DS5) and coarse-grained proximal strata (DS2) on either side of the White 

Rapids Fault cannot be resolved conclusively, the younger, coarse-grained strata are grouped 

into NRCS2 (Fig. 2.20) and the older strata comprise NRCS1 (Fig. 2.19). 

2.6.4.1 Nanaimo River Composite Section 1 (NRCS1) 

Nanaimo River Composite Section 1 comprises sections NR1–NR4 with strata repeated 

in sections NR5 and NR8 (see Fig. 2.19; Appendix D contains individual logs). The base of 

NRCS1 is at 49.073547° N, 124.011597° W, and the top of section is at 49.072638° N, 

123.974517° W. Sections NR1–NR4 display consistent E–NE bedding dip directions (36°–100°; 
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Fig. 2.19). Bedding dips are also consistent throughout (6°–12°) except in NR4 where they 

progressively increase upsection from 12° to 53°. The increase in bedding dips in NR4 is 

interpreted to reflect a synform, where NR5 and NR8 occur on the opposing limb (Figs. 2.10 and 

2.18). Below are descriptions of the sections that define NRCS1. All depths referred to in the 

text are based on the cumulative height on NRCS1 (Fig. 2.19). 

Section NR1 defines the base of NRCS1 and consists of 50 m of breccia and 

conglomerate with very rare discontinuous mudstone interbeds interpreted as FA2 (DS1). NR1 

ends at an interval of Kartmusen pillow basalts and intrusive quartz diorite (NRCS1 55–88 m) 

that is interpreted as a topographic high on the basal nonconformity (Figs. 2.10 and 2.18); no 

evidence of faulting is observed in association with these igneous lithologies. NR2 begins at the 

apparent stratigraphic top of the Karmutsen-Diorite interval (NRCS1 88 m; Fig. 2.19). 

NR2 extends from NRCS1 88–124 m and displays a general fining upwards succession. 

From approximately 91–99 m, a short succession of DS1 occurs, and these deposits grade 

upward into DS3 deposits. DS3 strata extend from 99–120 m before terminating at a sharp 

flooding surface with overlying marine mudstone (DS4; Fig. 1.5). DS4 deposits above 120 m 

comprise NR3 (NRCS1 124–202 m), and are very poorly exposed outcrops along the river 

channel; these strata  show  a 65° change in dip direction (from 100° to 36°).  

The uppermost section of NRCS1 is NR4, which extends from 202–409 m (Fig. 2.20). 

NR4 comprises 207 m of interbedded DS5 and DS4 deposits (Fig. 2.10), and the top of section 

is located at the axis of a large synform. Sections NR5 and NR8 are interpreted as repeat 

sections equivalent to NRCS1 237–334 m exposed on the opposite dipping SW limb of the 

synform (Fig. 2.10). However, due to a lack of distinct beds or datums, the equivalency of 

sections NR5 and NR8 with NR 4 remains uncertain. The top of NR4 is the top of NRCS1. 
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Figure 2.18. Schematic cross-section of the Nanaimo River, including locations of the base of stratigraphic sections NR1 to NR9. 
The cross section is for illustrative purposes only and is not to scale. The lithology column of NRCS1 (Fig. 2.19) is plotted above the 
line of section A–A’ line (increasing grain size upwards). The bases of sections and bedding dip directions and dips are indicated 
above each section. Probable lithoformation equivalents are indicated below A-A’ using colored fills and bedding orientations and 
geologic structures (e.g., antiforms and synforms, faults) are shown schematically. The inset map shows satellite imagery of 
Nanaimo River area and the line of section that A–A’ (orange) is meant to schematically illustrate. Major roads are shown in yellow. 
Google Earth Imagery and Data from Google (2020), SIO, NOAA, U.S. Navy, NGA, GEBCO.
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Figure 2.19. NRCS1 with 
individual stratigraphic sections 
and corresponding rose plots of 
bedding dips are shown to the 
right of each log. Composite 
stratigraphic elevation is shown 
to the left of the composite 
section. Sedimentary structures, 
lithologic accessories, 
bioturbation intensity, ichnology 
and fossils are shown, and 
Facies Associations (FAs) and 
Depositional Systems (DS) are 
plotted to the right of each 
litholog. Detrital zircon samples 
(red dots) and biostratigraphic 
samples (purple dots) are shown 
next to the section and the 
associated data are available in 
Tables 2.3 and 2.4. For litholog 
legend see Figures 2.11 and 
2.12. for a large-format version 
of this figure see Appendix C. 
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2.6.4.2 Nanaimo River Composite Section 2 (NRCS2) 

Nanaimo River Composite Section 2 comprises sections NR6, NR9, NR11–NR13, and 

NR15–NR22 with strata repeated in NR7, NR10, and NR14 (Fig. 2.20; Appendix D contains 

individual logged sections). The base of NRCS2 is at  49.067580°N, 123.967680°W, and the top 

of section is at  49.071352°N, 123.879571°. Sections NR6, NR9, NR11–NR13, and NR15–

NR22 display consistent E–NE bedding dip directions that range from 36°–95° (Fig. 2.20) 

except in NR9 (120°) and NR16 (160°) where bedding dips towards the E–SE. Bedding dips are 

also consistent throughout (6°–36° save for NR6 which dips at 40° due to its location on an 

antiform; Fig. 2.18). Below are descriptions of the sections that define NRCS2. All depths 

referred to cumulative height in NRCS2 (Fig. 2.20). 

NR6 forms the basal 25 m of NRCS2 (Fig. 2.10 and 2.18). The basal 14 m of NR6 

comprises FA8 (DS3) deposits that grade upwards into coal-bearing FA5 and FA4 strata (also 

DS3; 14–25 m, Fig. 2.20) that contain the regionally extensive Wellington Seam. The Wellington 

Seam serves as a datum for the area (Fig 2.10). NR7 is interpreted as a repeat section of 

NRCS2 0–22 m and dips in the opposite direction to NR6. Together, NR6 and NR7 are 

interpreted as occurring on opposing limbs of an antiform (Fig. 2.10 and 2.18). The top of NR7 

is a covered section with overlying strata cut by the White Rapid Fault (Fig. 2.10 and 2.18). 

NR11 constitutes 37–55 m on NRCS2 and comprises coarse-grained strata of DS1. The 

stratigraphic position of NR11 relative to the underlying Wellington Coal Seam suggests 

deposition of these strata preceded that of NR9 even though they occur downstream of NR9 

(Fig. 2.20) A large interval of no data separates NR11 from NR12 as a result of both private 

property and the near vertical cliff faces formed along the river channel that limited access.  

NR9 constitutes NRCS2 86–112 m and comprises interbedded pebbly sandstone and 

conglomerate (DS1) with crude bedding. NR10 exhibits a marked change in bedding dip 

direction and dip relative to NR9 and occurs near the interpreted position of the Extension Main 

Fault (Fig. 2.10). Between the Extension Main Fault  and the base of NR11 are multiple folded 

and repeated sections (Fig. 2.10) that are interpreted to represent folded and repeated strata 

equivalent to NR9. The two sections share similar sedimentary successions and characteristics 

and may represent strata on opposing limbs of a regional synform (Fig. 2.10).  

Downstream of NR10 through to the base of NR11, Nanaimo Group strata along the 

Nanaimo River form steep, rugged topography, and the river is lined on both sides by private 
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property; consequently, accessing this area proved impossible, and so historical observations 

are relied on. The area from NR10 to the base of NR11 was interpreted previously as a series of 

folded and faulted strata that repeat sections of the Extension Fm  (Fig. 2.10, Cathyl-Bickford & 

Hoffman, 1998). These repeat sections are interpreted as equivalent to NRCS2 0–112 m based 

on the reoccurrence of the Wellington Seam (Cathyl-Bickford & Hoffman, 1998a). 

 Sections NR11–NR22 comprise the rest of NRCS2 (37–685 m, Fig. 2.20) and exhibit 

relatively consistent NE to E dip directions (36°–95°), except NR16 (160°), and variable dips 6°–

36°. These sections are interpreted to form a near continuous section with the exception NR14 

which represents repeated strata (stratigraphically equivalent to NR15). Of note, and due to the 

nature of regional folding (Fig. 2.10), the true thickness of DS1 pebbly sandstone and 

conglomerate (NRCS2 37–430 m, Fig 2.20) maybe overthickened. These DS1 deposits are 

considered equivalent to the Millstream Mbr of the Extension Fm (Fig. 1.4). Near the top of the 

thick succession of DS1 (NRCS2 401–411 m, NR18) the strata grade upwards into finer grained 

sandstone and siltstone (DS2), and this probably marks the gradational transition from the 

Extension Fm into the Pender Fm (Cathyl-Bickford & Hoffman, 1998b; Jones, 2016) 

Pender Fm-equivalent DS2 deposits continue into NR19 and extend from NRCS2 411–

497 m (Fig. 2.20 and Appendix D). FA4 deposits dominate the lower half of the 411–497 m 

interval, and FA5 dominates the upper half. Some minor interbedding of DS1 deposits are 

observed in this succession as are the regionally extensive Douglas (NRCS2 478 m) and 

Newcastle (NRCS2 484 m) coal seams (Fig. 2.10 Cathyl-Bickford & Hoffman, 1998) The 

transition of finer-grained DS2 deposits, considered equivalent to the Pender Fm, and coarse-

grained deposits (DS1), probably equivalent to the Protection Fm, occurs at approximately 

NRCS2 648 m and in NR21. Coarse-grained DS1 deposits extend for only 6 m before 

transitioning gradationally into overlying bioturbated DS3 deposits (NRCS2 654–656 m).  

The final outcrop included in NRCS2 is NR22 which extends from 669–685 m. This 

interval consists of interbedded sandstone and mudstone and are interpreted as DS3 deposits. 

The entire interval from NRCS2 648–685 m is interpreted to be equivalent to the Protection Fm. 

All sections downstream of NR22 (NR23–NR29) were logged but were not placed into 

stratigraphic context, and hence, the top of NR22 is also the top of NRCS2. 
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Figure 2.20. NRCS2 with individual stratigraphic sections and corresponding rose plots of 
bedding dips are shown to the right of each log. Composite stratigraphic elevation is shown to 
the left of the composite section. Sedimentary structures, lithologic accessories, bioturbation 
intensity, ichnology and fossils are shown, and Facies Associations (FAs) and Depositional 
Systems (DS) are plotted to the right of each litholog. Detrital zircon samples (red dots) and 
biostratigraphic samples (purple dots) are shown next to the section and the associated data 
are available in Tables 2.3 and 2.4. For litholog legend see Figures 2.11 and 2.12. For a large-
format version of this figure see Appendix C. 

2.6.5. Little Mountain Section (LMCS) 

 Little Mountain is an anomalous topographical highland of conglomerate and pebbly 

sandstone located at 49.296706° N, 124.325749° W (Fig. 2.21). The Little Mountain Composite 

Section (LMCS; Fig. 2.22) was produced using written descriptions of the area (England, 1989b; 

Cathyl-Bickford & Hoffman, 1990) and confirmed through visual inspection. The crude bedding  

exposed in accessible outcrops at Little Mountain and private property limited access to many 

areas surrounding it; consequently, thickness measurements for these strata are deemed low 

confidence. Little Mountain  is estimated to be 150 m thick and 2 km wide (England, 1989b) and 

consists of mostly massive polymictic pebble conglomerate interbedded with rare coarse 

sandstone that displays uncommon planar tabular- and low angle trough-cross-stratification 

(F4A and F4B, Table 2.1; Fig. 2.22). These coarse-grained deposits appear to fill a channel 

scoured into the underlying marine mudstone of the Haslam Fm (DS4), which may imply a 

turbidite feeder channel (FA10, DS5) origin (England, 1989b). Alternatively, possible rooting 

was reported at the top of some beds (Cathyl-bickford & Hoffman, 1990), but this could not be 

confirmed. The limited lateral extent of Little Mountain, lack of verifiable terrestrial indicators, 

presence of unidirectional current structures, and its position within marine mudstone (DS4) and 

proximity to nearby turbidite deposits (DS5) on the Englishman and Little Qualicum Rivers all 

support the interpretation that Little Mountain is submarine canyon fill. However, confidently 

establishing the genesis and true stratigraphic equivalency of Little Mountain to surrounding 

strata requires further investigation.  
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Figure 2.22.  (right) LMCS with 
composite stratigraphic elevation is 
shown to the left of the composite 
section. Sedimentary structures, 
lithologic accessories, bioturbation 
intensity, ichnology and fossils are 
shown, and Facies Associations 
(FAs) and Depositional Systems 
(DS) are plotted to the right of 
each litholog. For litholog legend 
see Figures 2.11 and 2.12. For a 
large-format version of this figure 
see Appendix C 

Figure 2.21.  (top) The location 
and approximate extent of Little 
Mountain (outlined in orange), BC, 
Canada.note its close proximity to 
the Englishman River (outlined in 
blue). Trace of Inland Island 
Highway (No. 19) is shown in 
yellow for area context. (Map 
source: Google Earth Imagery and 
Data from Google (2020), SIO, 
NOAA, U.S. Navy, NGA, 
GEBCO.). 
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2.6.6. Wall Beach Composite Section (WBCS) 

The Wall Beach Composite Section comprises two stratigraphic sections (Wall Beach 

Resort and Wall Beach sections) logged by Jones et al. (2018) that are available in Appendix D. 

Both outcrops comprise relatively shallowly dipping strata that dip to the NE (Wall Beach Resort 

Section Dip Direction / Dip: 40° / 9° and Wall Beach Section: 36° / 8°). The base of WBCS is at 

49.306760° N, 124.240870° W, and the top is at 49.313491° N, 124.240571° W (Fig. 2.23). The 

Wall Beach Resort Section comprises the lowermost 13 m (Fig. 2.24) and consists of sandy 

mudstone with rarer sandstone and siltstone interbeds interpreted as a distal expression of FA8 

(DS3). These strata coarsen upwards towards the overlying Wall Beach Section. A short 

inaccessible (covered) section occurs between WBCS 13 m and 16 m (Fig. 2.24) above which 

the Wall Beach Section comprises approximately 35 m of coarse-grained sandstone and 

conglomerate (16–51 m) interpreted as a series of deepening upwards successions that 

eventually transition into the distal lower shoreface to upper offshore (Jones et al., 2018).  

 

Figure 2.23. Location of the Wall Beach composite section (bases of the two individual 
sections shown with red text). Note its  close proximity to the Englishman River (bases of 
nearby ER sections labelled in green text). The Inland Island Highway (No. 19) is shown in 
yellow for context. Inset map shows general location in BC, Canada. Google Earth Imagery and 
Data from Google (2020), SIO, NOAA, U.S. Navy, NGA, GEBCO. 
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Figure 2.24. WBCS with composite stratigraphic elevation is shown to 
the left of the composite section. Sedimentary structures, lithologic 
accessories, bioturbation intensity, ichnology and fossils are shown, and 
Facies Associations (FAs) and Depositional Systems (DS) are plotted to 
the right of each lithology. Detrital zircon sample (red dot) is shown next to 
the section and the associated data is available in Table 2.3. For litholog 
legend see Figures 2.11 and 2.12. For a large-format version of this figure 
see Appendix C. 
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Chapter 3. Discussion 

Chapter 3 presents a stratigraphic reconstruction of the lower Nanaimo Group from the 

Comox SB into the Nanaimo SB (line of section A–A’, Figs. 3.1 and 3.2) and the 

paleogeography (i.e., paleoarchitecture and paleolandscape) of the Georgia Basin. Chapter 3 

also includes discussions on potential paleo-routing systems for sediments and the probability 

and expression of syntectonic sedimentation and other controls on the evolution of the Georgia 

Basin during the Turonian-Campanian and potentially earlier. 

 

Figure 3.1. Overview of the main Georgia Basin outcrops and the line of section A–A’ that 
extends through the Comox SB and into the Nanaimo SB (Fig. 3.2). The Nanoose Uplift 
separates the Comox SB (northwest) from the Nanaimo SB (southeast), and the approximate 
axis of the uplift is demarcated by the dashed purple line. The bases of the 11 outcrop and core 
sections in cross-section A–A’ are marked with green dots and major regional faults are 
demarcated by dashed blue lines. 
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Figure 3.2. Schematic cross-
section of the lower Nanaimo 
Group in the Nanaimo and Comox 
SBs. The line of section A–A’ is 
shown in Figure 3.1. A full-sized, 
version of the cross-section is 
available in Appendix E. The 
position of detrital zircon samples 
(DZ; Table 2.3) and 
biostratigraphic fossils (F; Table 
2.4) that provide biostratigraphic 
age controls  are shown as red 
stars and purple circles, 
respectively. Detrital zircon and 
fossil sample names and numbers 
correspond to names in Table 2.3 
and 2.4 respectively. Comox SB 
stratigraphy (QC, OR, BR, DC, 
TR) is adapted from Kent et al. 
(2020). The corresponding 
stratigraphic intervals for each of 
the subsequent paleogeographic 
figures (Figs. 3.3–3.7) are 
displayed on the left of the cross-
section. 
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3.1. Datums used to construct cross-section A–A’ (Figure 
3.2) 

In the schematic cross section A–A’, stratigraphic correlations are made by 

employing eight total datums (D1 – D8; Fig 3.2) with three main datums (D3, D5, and D7) 

and five subordinate datums (D1, D2, D4, D6, and D8). The first four datums (D1 – D4) 

were defined by Kent (2018) and Kent et al. (2020) for the northern Comox SB, and of 

these, D3 is the main datum and D1, D2, and D4 are subordinate. Datum one (D1) 

comprises the top surface of the upper seam of two stacked coal beds, the No. 1 coal 

zone (Bickford & Kenyon, 1988; Bickford et al., 1988; Kent, 2018), which extends from 

the Quinsam Coal Mine to the Oyster River section. Datum two (D2) is the top of the No. 

2 coal seam (Bickford & Kenyon, 1988; Bickford et al., 1988) and extends from the 

Quinsam Coal Mine to the Oyster River section. D2 is subparallel to D1 and helps to 

confirm the horizontality of D1. Datum three (D3) is the main datum in the Comox SB, 

and corresponds to the top of the No. 4 coal seam (Bickford & Kenyon, 1988; Bickford et 

al., 1988). D3 was correlated by Kent et al. (2020) from the Quinsam Coal Mine through 

to the Dove Creek D2-A core (Fig. 3.1), and is extended in this study into the Wilfred 

Creek section, using both DZ MDAs (DZ15; Table 2.3) and correlation of similar coal-

bearing stratal packages. In the strata immediately overlying D3, a series of unnamed 

coal seams are observed in outcrop along the Browns and Trent rivers, as well as in the 

Dove Creek D2-A core (Figs. 3.1 and 3.2). The uppermost 2 coal seams in these 

outcrops and core are interpreted to correspond to coal A and coal B observed in 

outcrop along Wilfred Creek (Fig. 2.13). Kent et al. (2020) employed the uppermost coal 

seam (coal B) to correlate strata through the Comox SB; its top surface corresponds to 

D4. D4 is a subordinate datum and used to confirm correlations and the horizontality of 

other datums in the Comox SB (Fig. 3.1).  

Stratal correlations from the southeast Comox SB (WF, LQ, LM, WB, ER) to the 

northwest Nanaimo SB (NR; Fig 3.1) are more uncertain, due to both a paucity of 

regionally extensive and easily recognized datums (including coals) and a general 

increase in the degree of structural deformation towards the SE. No physical datums are 

identified between WF and LQ (Fig. 3.2), adding significant uncertainty in correlations 

between the Comox SB and the Nanaimo SB. Instead, stratal successions in WF and 

LQ are correlated using DZ MDAs, biostratigraphic ages (Tables 2.3 and 2.4), and 
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correlation of lithologically similar stratal packages. These same data are employed in 

the identification of D5 to D8 in the southeast Comox SB and northwest Nanaimo SB 

(Fig. 3.2). 

Datum 5 (D5) serves as the primary datum for lower Nanaimo Group strata in the 

LQ, ER and NR sections, and by extension, the strata in LM and WB (Fig. 3.2). D5 is the 

basal surface of a thick succession of DS5 (turbidite) strata, interpreted as the equivalent 

to the Cowichan Mbr of the Haslam Fm. The strata directly overlying D5 are interpreted 

as a single, aggradational and laterally continuous turbidite system, and the validity of D5 

as a regional datum is supported by biostratigraphic ages derived from F1–F18 (Table 

2.4).  

Datum six (D6; Fig 3.2) consists of the oldest regional transgressive/flooding 

surface identified in Extension Fm-equivalent strata, and is observed in ER and NR. D6 

is also interpreted to correlate the top of the succession at LM (Fig. 3.2). The LM section 

is interpreted as the basinward extension of an interval of coarse-clastic (DS1) strata 

within the Extension Fm and is further interpreted as a turbidite feeder-channel based on 

its geomorphic expression and limited lateral extent (England, 1989b). However, due to 

the paucity of recognizable surfaces within (accessible) strata exposed at LM, its true 

depositional age and stratigraphic position are unknown. LM could instead comprise 

DS5 deposits within the Haslam Fm or upper Nanaimo Gp. 

Datum seven (D7) correlates to the flooding surface that caps the youngest, 

regionally extensive succession of coarse-grained strata within the Extension Fm (Fig. 

3.2). The strata overlying D7 are equivalent to coastal-plain deposits assigned to the 

Pender Fm (Fig. 1.5). D7 serves as the primary datum for correlations in the Extension-

Pender-Protection Fms (Fig. 1.5) in the ER (Fig. 2.17) and NR (Fig. 2.20) sections and 

honours DZ MDAs derived from samples collected therein (Table 2.3).  

Datum eight (D8; Fig 3.2) is a subordinate datum and is defined using DZ MDAs 

and former lithostratigraphic classifications of strata. D8 is expressed as a maximum 

regressive surface in WB (Fig. 2.24) and a flooding surface in NR (Fig. 2.20). Strata 

overlying D8 are equivalent to the Protection Fm and preserve a transgressive and 

backstepping succession of interbedded coastal plain and shoreface strata.  
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3.2. Stratigraphic Evolution and Paleogeography of the 
Lower Nanaimo Group 

Major depositional phases in the lower Nanaimo Group are bound by 

stratigraphic surfaces including regressive surfaces and flooding surfaces. Regressive 

surfaces are identified where facies successions transition from deepening-upwards to 

overall shallowing-upwards and flooding surfaces are defined where distal facies 

abruptly overlie proximal facies. Diachroneity, lateral pinchouts, and rapid changes in 

facies and architectural elements observed within the lower Nanaimo Group record a 

complex depositional history of shifting depocenters and probable syndepositonal 

tectonism (Fig. 3.2). Below is a brief overview of the stratigraphic evolution of the lower 

Nanaimo Group and its paleogeography in five major depositional intervals. In the 

descriptions below, all depths are based on cumulative heights along the 11 sections 

that comprise cross-section A–A’ (Fig. 3.2 and Appendix E). Lithostratigraphic names 

are employed to provide clarity and are included in columns on the left- and right-side of 

the cross-section. These names adhere to the 11 lithostratigraphic formation framework 

(Fig 1.5 excluding the Barnes Island and Sydney Island formations). Sub-member 

names (Benson, Cumberland, Dunsmuir; Fig. 1.4) are employed for the Comox Fm to 

account for the marked diachroneity and wide range of depositional systems observed. 

For more detailed information on individual depositional phases and the genetic 

stratigraphy of the lower Nanaimo Group in the northwest Comox SB, see Kent (2018) 

and Kent et al. (2020). 

Paleogeographic reconstructions of the Georgia Basin during its depositional 

history are illustrated in a series of maps (Figs. 3.3–3.7), and the stratigraphic interval to 

which these maps correspond to is shown in Figure 3.2. The paleogeographic 

reconstructions are based on the distribution of depositional systems in the lower 

Nanaimo Group both in the study area (Fig 1.7) and in the northern Comox SB (Kent, 

2018; Huang et al., 2019). The paleogeography of the southern Nanaimo SB and 

Cowichan Valley SB (Fig. 3.1) is based on: 1) interpreted stratigraphic logs derived from 

Jones (2016); 2) maps and paleocurrent data from Mustard (1994) and England (1989); 

and 3) information presented in multiple historical sources (Muller & Jeletzky, 1970; 

Muller & and Atchison, 1971; Ward, 1978b; Ward & Stanley, 1982; Pacht, 1984; 

England, 1989b; Mustard, 1994; England & Bustin, 1998; Yorath et al., 1999).  
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3.2.1. ~90–85 Ma: Comox Fm –Benson and Cumberland Members 
(Fig. 3.3) 

Coarse-grained basal Nanaimo Group strata in the study area were assigned 

historically to the pre- to Early-Santonian Comox Fm, including the Benson Mbr (Fig. 

1.4). However, there are basal conglomerates of variable ages throughout the Georgia 

Basin (Fig. 3.2), and these conglomerates should not be correlated with one another. 

From ~90–85 Ma, the Georgia Basin had significant paleotopography on the basal 

nonconformity, and the basin was an underfilled, ridged forearc (Kent et al., 2020). The 

Nanoose Uplift probably acted as a topographic highland that partly separated the 

Comox SB from the Nanaimo SB (Figs. 3.2 and 3.3). Where ER and LQ are presently 

situated, the Nanoose Uplift was probably rocky and mountainous and was 

characterized by net erosion. 

The oldest strata in the study area occupy a paleotopographic low in the northern 

Comox SB and are exposed in OR (Fig. 3.2). A potential disconformity is identified within 

these strata (Kent et al., 2020) and is interpreted to separate older DS1/DS2 deposits 

(0–65 m, Fig. 3.2) from younger strata typically assigned to the Benson Mbr (Cathyl-

Bickford, 2001b; Huang et al., 2019; Kent et al., 2020). Benson Mbr strata are 

conformably overlain by a succession of paralic and shallow-marine deposits topped by 

a regressive surface that do not fit within the existing lithostratigraphic framework (100–

163 m, Fig. 3.2). This regressive surface (~163 m; Fig. 3.2) caps a transition from 

backstepping DS3 strata into DS3 strata, and may represent the maximum regressive 

surface, however the origin, timing and position of the potential stratigraphic break is 

uncertain. Above the regressive surface are coal-bearing DS2 and DS3 deposits (~163–

350 m; Fig. 3.2) that comprise the Cumberland Mbr and extend ~100 km along 

depositional strike from Quinsam Coal Mine to Wilfred Creek (Figs. 3.2 and 3.3). The 

transition upward from the Benson Mbr to the lower Cumberland Mbr is interpreted to 

record an increase in the rate of relative sea-level rise. The Cumberland Mbr is prevalent 

throughout the north-central Comox SB but does not occur in the Nanaimo SB. This 

supports the interpretation that the Nanoose Uplift remained a topographic highland from 

~90–85 Ma (Fig. 3.3). In the central and southern Nanaimo SB (southeast of the 

Nanoose Uplift), most pre- to Early Santonian sedimentation occurred in 

paleotopographic depressions (Haggart et al., 2005, Huang et al., 2019; Walters, 2020; 

Huang et al., in press).  
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Cumberland Mbr strata (163–350 m, Fig. 3.2) in the northern Comox SB 

preserve a widespread coastal plain dominated by swamps, peat mires, and floodplains 

that were crosscut by fluvial and fluvio-tidal channels (Fig. 3.3). This extensive terrestrial 

to paralic succession is the main coal-bearing interval of the Comox SB, and is 

interpreted as a broadly transgressive period of aggradation along depositional strike, 

with the main sediment source to the north-northwest (Kent et al., 2020) and minor input 

from the southwest (England, 1989b). The paleo-coastline was probably situated near 

the central Comox SB and comprised multiple embayments dominated by estuaries, 

swamps, and back-barrier lagoons (DS2) that were interspersed with sand-dominated 

shorefaces and tidal flats (DS3; Fig. 3.3). Both the lack of terrestrial or paralic strata in 

LQ and historical mapping (Yorath et al., 1999) suggests that all terrestrial strata pinch 

out, or are eroded, in close proximity to WF (Fig. 3.2). Additionally, the paucity of storm-

derived sedimentary structures within shallow-marine strata of the Benson and lower 

Figure 3.3. Paleogeographic reconstruction of the Georgia Basin from ~90–85 Ma 
during deposition of the Benson and Cumberland Mbrs of the Comox Fm (see Fig. 3.2 
for the stratigraphic interval this map correlates to). The trace (or location) of each 
composite section or core log is shown as a red line (outcrop) or dot (core). 
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Cumberland Mbrs (Fig. 3.2) in the northern and central Comox SB suggests that the 

forearc-associated ridge to the southwest was emergent during this time and prevented 

large storms generated in the paleo-Pacific from reworking sediment in the protected 

Georgia Basin (Fig. 3.3). Paleocurrent measurements taken from Benson and 

Cumberland Mbr strata display no consistent direction (Mustard, 1994), but instead 

display seemingly random orientations that probably reflect the topographic effects on 

drainages developed on the underlying nonconformity. 

3.2.2. ~85–84 Ma: Comox Formation –Dunsmuir Member (Fig. 3.4)  

Dunsmuir Mbr strata in the study area (~350–650 m, Fig. 3.2 and Appendix E) 

comprise interbedded DS2 and DS3 deposits that are interpreted to be Santonian aged. 

These strata are exposed dominantly in the northern and central Comox SB. The 

Dunsmuir Mbr in the northern Comox SB, is dominated by coastal-plain and fluvial 

strata, and in the central Comox SB it is dominated by shoreface (FA8; DS3; Table 2.2) 

and tidal flat (FA6; DS3; Table 2.2) deposits with minor swamp (FA5; DS2; Table 2.2) 

and shelf (FA10; DS4; Table 2.2) deposits, and very rare deltaic units (FA7; DS2; Table 

2.2). The sediment source for these strata is interpreted as entering from the north-

northwest (Kent et al., 2020). The Dunsmuir Mbr in the northern Comox SB lack the 

economic coal seams of the underlying Cumberland Mbr. The age-equivalent strata to 

the Dunsmuir Mbr in the southern Comox SB (LQ, ER sections) are dominated by fine-

grained DS4 and rarer DS5 deposits suggesting that this part of the Georgia Basin 

experienced marine conditions. In the northern Nanaimo SB, topography on the 

nonconformity during deposition of the Dunsmuir Mbr resulted in little to no 

accommodation space, which delayed the onset of sediment accumulation. 

Consequently, the Dunsmuir Mbr in the northern Nanaimo SB is thinner (~500-625 m) 

than it is in the Comox SB and comprises a succession of DS1 that grades up into DS3.  
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Figure 3.4.  Paleogeographic reconstruction of the Georgia Basin from ~85–84 Ma 
during deposition of the Dunsmuir Mbr of the Comox Fm (see Fig. 3.2 for the 
stratigraphic interval this map correlates to). The trace (or location) of each composite 
section or core log is shown as a pink line (outcrop) or dot (core). 

The common occurrence of storm-generated sedimentary structures (e.g., 

hummocky and swaley cross-stratification) within DS3 strata in the Dunsmuir Mbr in the 

northern Comox SB, and the increased occurrence of estuarine channels towards the 

central Comox SB (WF, TR, BR) suggests deposition occurred in close proximity to the 

paleoshoreline and that part of the Georgia Basin was potentially open to the Pacific 

Ocean at the time (Fig. 3.4). The interbedding of DS2 and DS3 strata is interpreted to 

reflect complicated paleo-coastal morphologies along, and in some cases, oblique to 

depositional strike. This complicated coastal morphology is attributed to re-organization 

of the coastline as the north-northwest sediment source was progressively drowned 

(Kent et al., 2020), which limited sediment input to the area. This interpretation is 

supported by paleocurrent directions in Dunsmuir Mbr-equivalent strata, where some 

DS1 deposits in the northern Comox SB indicate a southwest paleocurrent flow direction 
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while elsewhere in the Comox and Nanaimo SBs paleocurrents show no preferred flow 

direction and display scattered radial measurements (Mustard, 1994) 

3.2.3. ~84–83 Ma: Haslam Fm (Fig. 3.5) 

The Haslam Fm / Trent River Fm (~650–900 m, Fig. 3.2) occurs throughout the 

Georgia Basin and was deposited from ~84–83 Ma (Fig. 3.5). It comprises mainly 

mudstone (DS4) and turbiditic successions (DS5). In nearly all described sections 

(excluding ER and LQ), the contact between Comox-equivalent and Haslam-equivalent 

strata is manifested as a sharp flooding surface that separates underlying shallow-

marine (DS3) strata from overlying marine mudstone (DS4). The ER and LQ sections 

are situated on the margins of the Nanoose Uplift, and hence, Haslam Fm strata either 

directly overlie the basal nonconformity or are situated over a thin interval of monomictic 

conglomerate (basal lag; Table 2.2) consisting of clasts sourced from the underlying 

Wrangellia basement. The presence of ubiquitous marine strata (Haslam Fm) in all 

studied sections suggests that during this time, the entire Georgia Basin experienced 

rapid subsidence and basin-wide marine transgression. This period also marks the onset 

of basin-wide deposition in the Georgia Basin and the evolution of the basin into a 

submerged ridge forearc.  

The northern Comox SB is dominated by DS4 deposits (~650–900 m), whereas 

the southern Comox SB and northern Nanaimo SB are characterized by more 

complicated successions. Most Haslam Fm strata were deposited in a low-energy 

(below storm-wave base) marine environment, probably equivalent to the outer shelf or 

deeper depths. In the Port Alberni Outcrop Belt (Figs. 1.1 and 3.5) west of the study 

area, microfossil analyses indicate the Haslam Fm was deposited in paleo-water depths 

of 200–300 m (and up to 600 m) with a moderate amount of downslope travel (Cameron, 

1988; England, 1989b). The westward deepening of depositional depths appears to 

reflect an incipient sediment routing system that transported sediment from the central 

Comox SB into the proto-Pacific Ocean. This system is named herein as the Qualicum 

Canyon (see Section 3.4). A series of large turbidite systems (~745–875 m, Fig. 3.2) 

overlie marine mudstone (DS4) in the southern Comox SB and northern Nanaimo SBs 

(NR, LQ, ER, Figs. 3.2 and 3.3–3.7), and are equivalent to the Cowichan Mbr of the 

Haslam Fm (Ward, 1978a; Ward & Stanley, 1982; England, 1989b). The occurrence of 

DS5 deposits in the Comox and northern Nanaimo SBs suggests that the Cowichan Mbr 
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turbidite complexes were not restricted to the southern Georgia Basin (Cowichan Valley 

SB), and together these observations suggest the Haslam Fm comprised a large and 

active turbidite system(s). 

Provenance studies indicate that the regional turbidite systems were mostly 

sourced from the eastern CPC (Pacht, 1980; Mustard, 1994). The turbidite systems in 

the Nanaimo SB preserve two major paleocurrent directions (black arrows, Fig. 3.5), 

including a dominant west-northwest flow direction and a subordinate southwest-west 

direction (Ward & Stanley, 1982; Mustard, 1994). These two directions are interpreted to 

record the potential presence of two distinct sediment routing systems, one of which one 

flowed to the west and drained into the paleo-Pacific Ocean through the Qualicum 

Canyon. The other was situated down the axis of the Cowichan Valley SB and delivered 

sediment to the west-southwest via a canyon named herein as the Cowichan Canyon 

(Fig 3.5; see Section 3.4 for more information). No paleocurrent measurements exist for 

Haslam Fm-equivalent strata in the Comox SB. 

In the northern Nanaimo SB (NR section), Haslam Fm-equivalent strata are 

typically 180–290 m thick, and commonly exceed 500 m in thickness. Haslam Fm-

equivalent mudstones can be up to 1000 m where overthickened by structural 

deformation in the southern Nanaimo SB (England, 1989b). An increase in the thickness 

of Haslam Fm-equivalent strata (DS4) is also observed from the Nanoose Uplift towards 

the central Comox SB (Fig. 3.2). This significant change in thickness is interpreted to 

reflect: 1) topography on the basal nonconformity, with the Nanoose Uplift area being a 

paleotopographic highland with less accommodation space; and 2) a paucity of 

stratigraphic breaks within the DS4 mudstone that enable the Haslam Fm to be 

distinguished from similar strata of the upper Nanaimo Group (possibly resulting in 

younger DS4 deposits being assigned to the Haslam Fm). 

While stratigraphic breaks in the Haslam Fm have not been previously identified, 

recent work with DZ age spectra is used to infer the presence of a diastem or possible 

maximum flooding surface in the middle of a homogeneous succession of DS4 

mudstone (MFS? ~ 670 Fig. 3.2; Huang et al., in press). Interestingly, a glauconitic 

sandstone observed in ER (~670 m, Fig. 3.2) occurs at a similar stratigraphic height to 

the diastem, suggesting that the surface is the base of a regionally extensive condensed 

section or maximum flooding surface developed within the Haslam Fm. The age of this 
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surface is probably Middle Santonian, as strata below this surface contain Santonian 

fossils. The strata above the surface contain fossils attributed exclusively to the Upper 

Santonian (see Table 2.4).  

Macrofossils and DZ derived from the Haslam Fm suggest the onset of the first 

major transgression in the Georgia Basin  occurred during the Middle Santonian (Ward, 

1978b; Ward & Stanley, 1982; Coutts et al., 2020). This transgression also records a 

transition from non-arc basement sources (dominantly from underlying Wrangellia 

Terrane) in pre-Santonian to Santonian strata (~90–85 Ma, Comox Fm equivalent) to 

arc-dominated (coeval CPC and North American craton) sources once the Georgia 

Basin amalgamated into a single basin during the Late Santonian to Early Campanian 

(Ward & Stanley, 1982; Pacht, 1984; Mustard, 1994; Coutts et al., 2020; Huang et al., in 

press) probably by 84–83 Ma.  

 

Figure 3.5. Paleogeographic reconstruction of the Georgia Basin from ~84–83 Ma 
during deposition of the Haslam Fm (see Fig. 3.2 for the stratigraphic interval this map 
correlates to). The trace (or location) of each composite section or core log is shown as 
a pink line (outcrop) or dot (core). Historical paleocurrent directions are displayed as 
black arrows, potential directions displayed as dashed black arrows. 
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3.2.4. ~83–81 Ma: Extension and Pender Fms Equivalents (Fig. 3.6)  

Extension to Pender Fm strata are observed in both the southern Comox SB and 

northern Nanaimo SB (LM, ER, WB, NR), and the northern Comox SB (OR; Figs. 3.2 

and 3.6). Extension to Pender Fm strata comprise Early to Middle Campanian (~83–81 

Ma) aged terrestrial (DS1), paralic (DS2), and shallow-marine strata (DS3) that 

represent a secondary phase of coarse-clastic sedimentation in the Georgia Basin. 

Extension Fm-equivalent deposits extend from ~900–1350 m and the Pender Fm 

extends from ~1350–1500 m (Fig. 3.2). The contact between these two intervals is 

poorly defined, as the strata comprising both are similar in facies and depositional 

systems in the study area. The Pender Fm generally comprises finer grained deposits 

than the Extension Fm (Mustard, 1994; Hamblin, 2012). Extension Fm strata are broadly 

regressive with DS1 and DS3 strata overlying the distal facies (DS4 and DS5) of the 

Haslam Fm, where the contact is interpreted as a disconformity (Fig. 3.2). In outcrop, the 

disconformity (DC2) is manifested as a faulted surface, and hence, the position and 

nature of the surface is inferred based on facies relations above and below the contact. 

Confirming the existence, extent and origin of DC2 requires further investigation, to be 

labelled a true disconformity the presence of missing section and time must be 

established. The only historically known appearance of Extension Fm strata directly 

overlying Haslam Fm deposits is observed in the Alberni Outcrop belt (Fig. 3.6) where a 

debris flow conglomerate scours into the underlying mudstone (Yorath et al., 1999). The 

expression of the disconformity in the central Georgia Basin (the inferred position of the 

Qualicum Canyon; Fig. 3.2) is unknown. 

The predicted disconformity (DC2) between the Haslam Fm and Extension Fm is 

situated at a similar stratigraphic elevation in the southern Comox SB and northern 

Nanaimo SBs (~905 m) and northern Comox SB (~890; Fig. 3.2), suggesting that this 

second coarse-clastic pulse of sedimentation was a basin-wide event. This period of 

basin-wide sedimentation was probably initiated by regional syntectonic uplift or 

decreased subsidence (see Section 3.5). In the northern Comox SB, the Extension Fm 

succession comprises thin DS3 deposits (~895–990 m, Fig. 3.2) overlain by marine 

mudstone (DS4), and this transgressive interval is interpreted to represent drowning of a 

shoal-water ridge. In the northern Nanaimo SB, the oldest Extension Fm strata are 

observed only along NR and consist of coal-bearing DS1 and DS2 deposits capped by a 

flooding surface at ~1050 m (Fig. 3.2). Within the remainder of the Extension Fm (1050–
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1350 m) and in the southern Comox SB / northern Nanaimo SB, a regressive surface 

(and possible disconformity) is inferred at ~1075 m (DC3) based on younger proximal 

conglomeratic deposits (DS1) overlying and scouring into older marine mudstone (DS4). 

In order to establish if this surface is truly a disconformity, further investigation for 

evidence of subaerial exposure such as relict paleosols is required. It is important to 

note that structural deformation of strata makes the true nature of both the DC2 and DC3 

surfaces inherently uncertain.  

The stratigraphy from 1075–1125 m is interpreted to record a period of renewed 

uplift and erosion, and coarse-clastic deposition. The orientation of the coarse-clastic 

stratal packages suggest that the uplifted Nanoose region was possibly subaerially 

exposed and became a sediment source in the northern Nanaimo SB and southern 

Comox SB, where progradation was towards the northwest (Fig. 3.2). Overlying the 

coarse-clastic interval are interbedded DS1 and DS2 deposits (1125–1350 m, Fig. 3.2), 

which comprise the remainder of the Extension Fm (Fig. 3.2). Within this upper interval 

is another flooding surface (~1275 m) and a third pulse of regressive coarse-grained 

deposition (~1325–1350 m, Fig. 3.2) which also records progradation to the northwest. 

The top of the Extension Fm is a regional flooding surface. 

Pender Fm-equivalent strata (~1350–1500 m, Fig. 3.2) investigated in this study 

are situated in the southern Comox SB / northern Nanaimo SB and comprise mainly 

coastal-plain (DS2) deposits. The paleo-shoreline (DS3) associated with these strata is 

situated towards the northern end of the Nanaimo SB (ER, Fig. 3.2). Pender Fm-

equivalent strata grade laterally into predominantly marine mudstone (DS4) towards both 

the Qualicum Canyon and the central and southern Nanaimo SB (Ward & Stanley, 1982; 

England, 1989b; Mustard, 1994). Microfossils taken from Pender Fm-equivalent deep 

water strata on the Gulf Islands (central to southern Nanaimo SB) suggest paleowater 

depths of 200 m with downslope transport (Cameron, 1988; England, 1989b). These 

results suggest that a source-to-sink system from the Nanoose Uplift was established by 

this time. 

Two coal-bearing intervals occur within the Extension to Pender Fm-equivalent 

interval: one in the Extension Fm (~925 m, Wellington Seam, Fig. 3.2) and the other in 

the Pender Fm (~1400 m, Douglas Main and Newscastle Seams, Fig. 3.2). These are 

interpreted to record periods of transgression (shown as flooding surfaces in Fig. 3.2). 
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Unlike the coal-bearing successions in the Comox Fm in the northern Comox SB, the 

Extension-Pender coal intervals are more laterally constrained (Figs. 3.2 and 3.6), and 

this is interpreted to reflect an island-like configuration for the Nanoose Uplift during 

deposition of the Extension-Pender interval (Fig. 3.6). Establishing the true stratigraphic 

architecture of the Nanoose Uplift region during this period would be further aided by 

adding basin dip oriented (NE) traverses and cross-sections to compliment the 

subparallel to depositional strike NW-SE trending cross-section produced in this project 

(Fig. 3.2).  

 

The island-like configuration of the Nanoose Uplift during deposition of the 

Extension and Pender Fm-equivalent strata in the southern Comox SB and northern 

Nanaimo SB is supported by facies analysis of other sedimentary strata and by 

paleocurrent indicators. First, Extension Fm-equivalent conglomerates in ER (~1050–

Figure 3.6. Paleogeographic reconstruction of the Georgia Basin from ~83–81 Ma 
during deposition of the Extension- Pender Fm (see Fig. 3.2 for the stratigraphic interval 
this map correlates to). The trace (or location) of each composite section or core log is 
shown as a pink line (outcrop) or dot (core). Historical paleocurrent directions are 
displayed as black arrows. 
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1340 m in Figs. 3.2 and 3.6) are interpreted as fluvial and alluvial conglomerates 

sourced from the Nanaimo area, an interpretation consistent with that of England and 

Bustin (1998). At the same time, the majority of the Georgia Basin is interpreted as outer 

shelf to upper slope based on the widespread occurrence of marine mudstone (DS4); 

~1000–1500 m in Fig. 3.2 and Fig. 3.6). Minor turbidite (DS5) deposition associated with 

delta progradation and sourced from the CPC is also interpreted to have occurred on the 

outer shelf to slope (Fig. 3.6; Mustard, 1994;). Second, paleoflow indicators in Extension 

Fm strata display radial directions in the southern Comox SB and Nanoose Uplift areas 

(ER, and LM, Figs. 3.1 and 3.6), and are oriented dominantly towards the south-

southwest in the central and northern Comox SB (BR and TR, Figs. 3.1 and 3.6). In the 

southern Nanaimo SB, paleoflow indicators are oriented dominantly towards the west-

southwest (Mustard, 1994). The radial nature of paleocurrents near the Nanoose Uplift is 

interpreted to reflect drainages from the island into the surrounding basin (England & 

Bustin, 1998).  

3.2.5. ~81–80 Ma: Protection Fm Equivalent (Fig. 3.7)  

The final interval investigated in this study comprises Middle Campanian aged 

(~81–80 Ma) strata assigned to the Protection Fm (Fig. 1.5). These strata occur in the 

northern Nanaimo SB (WB, NR in Figs. 3.2 and Fig. 3.7) and extend from ~1500–1600 

m (Fig 3.2). Protection Fm strata are the last terrestrial- to-paralic strata observed in the 

study area, and constitute the upper interval of the lower Nanaimo Group (England, 

1989b; Mustard, 1994; Cathyl-Bickford & Hoffman, 1998a). The Protection Fm 

comprises coarse-grained DS1 and DS3 strata that form an overall transgressive 

succession of terrestrial to shallow-marine deposits. The cause of transgression is 

speculated to be due to regional subsidence caused by tectonism, resulting in the 

drowning of the Nanoose Uplift and an associated cessation of sedimentation from the 

island (Fig. 3.7).  

In the ER and WB sections (Figs. 3.2 and 3.7), the Extension Fm succession 

(~1315–1340 m, Fig. 3.2) is overlain by a significant covered interval (~1375–1500 m) 

that was historically mapped as Pender Fm marine mudstone (DS4; Fig. 2.9; Yorath et 

al., 1999). This marine mudstone appears to grade conformably upwards into a series of 

backstepping, retrogradationally stacked shorefaces or delta-front deposits assigned to 

the Protection Fm (~1500–1540 m in Fig. 3.2 and Fig. 3.7; Jones et al., 2018). In NR, 
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Protection Fm strata comprise minor fluvial (DS1) deposits interpreted to represent a 

channel system encased within coeval swamp and coastal plain (DS2) strata. These 

terrestrial DS1 and DS2 strata are interpreted to be coeval with shallow-marine strata 

(DS3) in WB (Fig. 3.2), and suggest that deposition was occurring on the margins of the 

emergent Nanoose Uplift (Fig. 3.7).  

As a result of the transgressive nature of the Protection Fm, the emergent 

Nanoose Uplift probably exhibited lower topography during deposition (Fig. 3.7), and the 

margins of the island probably had more extensive coastal plains (DS2) and lesser 

fluvial/alluvial activity (DS1). The extent and depositional nature of the southeastern 

margin of the island is unknown, however shallow-marine strata located on the northern 

margin of the Cowichan Valley SB were assigned to the Protection Fm (England, 

1989b). These paralic-shallow marine deposits contain sparse microfossils that were 

used to predict paleowater depths of 20–50 m (Cameron, 1988; England, 1989b). The 

Figure 3.7. Paleogeographic reconstruction of the Georgia Basin from ~81–80 Ma 
during deposition of the Protection Fm (see Fig. 3.2 for the stratigraphic interval this 
map correlates to). The trace (or location) of each composite section or core log is 
shown as a pink line (outcrop) or dot (core). Historical paleocurrent directions are 
displayed as black arrows. 
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shallow-water depths of these units suggest that the paleoshoreline extended to the 

margin of the Cowichan Valley SB and potentially formed a steep drop-off into the 

Cowichan Canyon (Fig. 3.7). Protection Fm strata in the southern and central Nanaimo 

SB are interpreted as turbidites (England, 1989b; Mustard, 1994) that display southwest-

west oriented paleocurrents (Mustard, 1994); these orientations are consistent with the 

inferred axis of the Cowichan Canyon. 

 In the northern Comox SB, isolated outcrops of sandstone and pebble 

conglomerate were assigned to the Protection Fm (Mustard, 1994), but these strata 

were not observed in this study nor in that of Kent et al. (2020). The apparent Protection 

Fm strata in the northern Comox SB were interpreted as turbidite strata (Mustard, 1994) 

based on their channelized nature, limited lateral extent, and position within the marine 

shales (DS4). These turbidite channels were potentially related to fluvial systems 

sourced from either the Nanoose Uplift area or the CPC. Paleocurrents within the 

Protection Fm in the northern Comox SB are sparse but indicate flow to the south-

southeast. These flow directions are opposite those derived from the Nanoose Uplift, 

and together these data suggest flow was towards the intervening Qualicum Canyon.  

Note that coal-bearing strata on the NR overlying the Protection Fm were not 

correlated in this study, and therefore it is possible that laterally restricted shallow-

marine and terrestrial deposition persisted upsection. Regional lithostratigraphic 

mapping records gradational to rarely sharp but conformable contacts with overlying 

turbidite successions (Mustard, 1994), and these contacts probably record the complete 

submersion of the Nanoose Uplift. The transition into the deep-marine successions of 

the upper Nanaimo Group was probably driven by a shift to rapid subduction of the 

Fallon/Kula plates under the North American craton (Engebretson et al., 1985; England 

& Bustin, 1998; Kent et al., 2020). 

3.3. Two Phases of Coarse-Clastic Deposition – A Two 
Depocenter Model 

Two distinct and laterally discontinuous coarse-clastic successions of DS1, DS2 

and DS3 strata are identified in the lower Nanaimo Group. The first is a Turonian-

Santonian-aged phase (OR to WF; Figs. 3.1 and 3.2) situated in the northern and central 

Comox SB, and which contains the Comox Coalfield (Fig. 3.8). The second is a 
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Campanian-aged phase equivalent to the Extension-Pender-Protection Fms (Fig. 1.5). 

The second phase is situated in the northern Nanaimo SB and southeastern Comox SB 

and contains the Nanaimo Coalfield (Fig 3.8). The first coarse-clastic phase, Phase 1, 

pinches out or is erosionally truncated along the northwest margin of the Qualicum 

Canyon. Southeast of this point, Phase 1 is manifested as a thin basal lag (LQ, ER) or 

much thinner (10s of m rather than >100 m) and younger successions (e.g., NR, Fig 3.2) 

whose genetic relationship to phase one is unknown. 

Phase 1 in the Comox SB was significantly influenced by topography on the 

underlying nonconformity with older fluvial/alluvial (DS1) strata being deposited in 

topographic lows. The oldest strata in topographic lows also contains strata that 

preserve evidence of distinct sediment sources and/or strata that are substantially older 

than the Santonian (Huang et al., 2019; in press). Substantially older strata in the 

Georgia Basin include: 1) Albian-aged strata underlying the Nanaimo Group strata near 

Vancouver BC, Canada (Mustard & Rouse, 1991); 2) conglomerates assigned to the 

Comox Fm on Salt Spring Island, BC, Canada (Nanaimo SB) that yield MDAs from the 

Middle- to Late-Jurassic (Huang et al., 2019; Walters, 2020; Huang et al., in press); and, 

3) Turonian macrofossils from the southern Gulf Islands, BC (southern Nanaimo SB) 

situated within a transgressive succession that may be time-equivalent to the oldest 

strata observed in the northern Comox SB (OR section). The presence of similar marine 

transgressive successions within the basal strata of the Georgia Basin reinforces the 

hypothesis that the onset of sedimentation in a forearc basin commonly occurs in 

isolated topographic depressions that eventually overfill to form a single uniform basin 

(DeGraaff-Surpless et al., 2002; Huang et al., 2019; Huang et al., in press).  

The second phase of terrestrial-paralic coarse-clastic sedimentation (Extension, 

Pender, Protection Fm equivalents), Phase 2, was much more laterally restricted and 

appears to result from syntectonic sedimentation near the Nanoose Uplift. These 

younger deposits are significantly more deformed than Comox Fm strata in the northern 

Comox SB making it difficult to confidently develop a detailed genetic stratigraphy for 

Phase 2; nonetheless, general trends can be discerned. Phase 2 alternates between 

periods of aggradation and progradation towards the northwest, with at least two 

probable regressive surfaces (DC2 and DC3, Fig. 3.2). These observations suggest 

cyclical sedimentation occurred prior to regional deepening and widespread deep-

marine deposition in the upper Nanaimo Group.  
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Figure 3.8.
 Topographic 
road map of Comox 
and Nanaimo 
Coalfields (surface 
extent displayed), 
Nanoose Uplift and 
possible 
location/extent of 
the proposed 
Qualicum and 
Cowichan Canyon 
systems. Relative 
colour of shading 
represents 
confidence for both 
the Nanoose Uplift 
and coalfield, with 
darker colours 
representing higher 
confidence. 
Location of key 
river drainage 
outcrop sections 
from Figures 3.1 
and 3.2 are 
displayed as red 
lines. 
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The stratigraphic succession recorded in the lower Nanaimo Group supports the 

interpretation of the Georgia Basin was a ridged forearc during the Cretaceous (Huang 

et al., 2019; Kent et al., 2020), and was probably similar to ridged forearcs around Japan 

(Takano, 2017; Mora et al., 2018). Japanese ridged forearc basins also display  

complicated depositional histories with isolated pockets of coarse-grained terrestrial 

deposition (DS1) that grade upwards into more regional paralic and shallow marine 

environments (DS2 and DS3), and then into widespread deposition of shelf (DS4) or 

deeper marine turbidite (DS5) deposits. In the Georgia Basin, this overall deepening 

upwards trend in depositional systems is punctuated by periods of renewed coarse-

clastic sedimentation and shoreline progradation as well as non-deposition 

(Disconformities DC1–DC4; Figure 3.2), and these renewed pulses of coarse-clastic 

deposition are interpreted to reflect the effects of syntectonic sedimentation and periods 

of regional uplift.  

3.4. Qualicum and Cowichan Canyons 

Based on the depositional architectures observed in lower Nanaimo Group 

strata, two major sediment routing systems are theorized to have existed between the 

Georgia Basin and the paleo-Pacific Ocean. These two systems are named herein as 

the Qualicum Canyon and Cowichan Canyon. Submarine canyons and channels 

facilitate periods of sediment bypass or transport within sediment routing systems, prior 

to submarine fan deposition (Normark et al., 2003; Paull et al., 2011; Peakall & Sumner, 

2015). These canyons and channels are typically infilled during quiescent periods by 

fine-grained pelagic sediments (Mutti & Normark, 1987; Beaubouef et al., 1999; Hubbard 

et al., 2014; Stevenson et al., 2015). A significant portion of the upper Nanaimo Group 

comprises submarine fan complexes (England, 1989a; Mustard, 1994; Katnick & 

Mustard, 2003; Hamblin, 2012; Bain & Hubbard, 2016; Englert et al., 2018), suggesting 

that the Qualicum and Cowichan canyons predate and were contemporaneous with 

deposition of the upper Nanaimo Group and were eventually overfilled. 

The Qualicum Canyon is hypothesized to have formed during deposition of the 

marine mudstone of the Haslam Fm and may even predate deposition of the Comox Fm 

based on the absence of paralic and shallow-marine strata in the vicinity of the canyon. 

The dominantly northwest-oriented paleocurrents observed in Haslam Fm turbidites in 
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the Nanaimo SB (Ward & Stanley, 1982; Mustard, 1994; Jones, 2016) support the 

position of the Qualicum Canyon. The northwest-oriented axial drainage in the Nanaimo 

SB (Fig. 3.5) was probably formed due to seafloor paleotopography imparted by the 

submerged Nanoose Uplift (Ward & Stanley, 1982). This paleohigh would have deflected 

west-flowing turbidites towards the northwest in a similar fashion to turbidite flows in the 

Nankai forearc region, Japan (Ramirez et al., 2021). Paleocurrent measurements 

recorded in Extension and Protection Fm equivalent strata (Mustard, 1994) on either 

side of the Qualicum Canyon are also consistent with a southwest-west directed 

paleoslope or canyon axis, and these data suggest the Qualicum Canyon was possibly 

established during the Haslam Fm existed at least throughout deposition of the 

Extension and Pender Fms, probably during deposition of the Protection Fm, and into 

the upper Nanaimo Group (Figure 3.9).  

The geographical location and extent of the Qualicum Canyon is poorly 

constrained and is situated somewhere in the central Comox SB, northwest of LQ and 

probably southeast of WF (Figs. 3.1, 3.8 and 3.9). Additionally, the Qualicum Canyon’s 

true stratigraphic position and architecture is unknown. Figure 3.9 displays the possible 

elevations where the canyon could be located, with the LM section acting as a NW  

oriented feeder channel (England, 1989b) to a SW-W oriented submarine canyon that 

was incised (either during a base level fall represented by a disconformable event such 

as a DC2 or DC3 or instead possibly by syn-sedimentary faults) and subsequently infilled. 

It is possible that during the establishment of the Qualicum Canyon that Comox Fm 

equivalent terrestrial to paralic strata equivalent to 200-600m existed between WF and 

LQ, and these deposits were erosionally truncated and removed.  

A foraminiferal sample taken from Haslam Fm mudstone exposed along the 

Tsable River (~ 5 km northwest of WF) and situated below a conglomerate-filled turbidite 

channel yielded a microfossil assemblage suggestive of a high-energy environment with 

a predicted paleowater depth of 50–150 m and a large amount of down-slope transport 

(Cameron, 1988; England, 1989b). It is possible this sample indicates a feeder system 

that drained into the Qualicum Canyon or records the incipient-Qualicum Canyon.  
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Figure 3.9. Simplified Schematic cross-section of the lower Nanaimo Group in the 
Nanaimo and Comox SBs with the possible range and extent of the Qualicum Canyon 
outlined in brown. The architecture displayed represents the infilling of a long-lived 
incised during one of the disconformable events (DC2 or DC3) or possibly by syn-
sedimentary faulting with mass- transport, turbidite channel, and fine-grained 
abandonment deposits. The line of section A–A’ is shown in Figure 3.1. 

Additionally, Denman and Hornby islands occur up-section of both the Tsable 

River and WF section, and these islands comprise upper Nanaimo Group strata 

interpreted as submarine channel complexes and with west-southwest oriented 

paleocurrents (Figs. 3.8 and 3.9; Katnick & Mustard, 2003; Bain, 2016; Bain & Hubbard, 

2016). These channel complexes are situated along the inferred axis of the Qualicum 

Canyon and suggest that the canyon was long-lived (potentially Santonian to 

Maastrichtian or younger) and acted as a conduit for sediment export from the Georgia 

Basin to the paleo-Pacific Ocean (Figs. 3.5–3.7). The strata exposed on Denman and 

Hornby islands were recently re-interpreted as the products of a channel-levee complex 

where early erosion, mass-wasting and levee construction as the result of aggradation 

(Bain, 2016; Bain & Hubbard, 2016) rather than infilling of a incised/faulted canyon. This 
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suggests either that the Qualicum Canyon and its incision (potentially caused syn-

depositional fault activity) represents a submarine canyon with 100’s of meters of relief 

that was subsequently with mass- transport, turbidite channel, and fine-grained 

abandonment deposits as displayed in Figure 3.9, or that it may have had architectures 

similar to the low relief channel-levee complex suggested for the overlying upper 

Nanaimo Gp (Bain & Hubbard, 2016; Bain, 2016). Alternatively, the Qualicum Canyon 

may be partially time-equivalent to or represented by the strata exposed on Denman and 

Hornby islands. Establishing the existence and architecture of the Qualicum Canyon 

requires further investigation, particularly in the geographical area shown in Figure 3.8 

and the stratigraphic elevations displayed in in Figure 3.9. 

Data supporting the presence of the Cowichan Canyon is more limited due to 

intense deformation of strata, a paucity of reliable datums in the Cowichan Valley SB, 

and uncertainty in the correlation of strata between the Cowichan Valley SB and the rest 

of the Georgia Basin. Instead, the Cowichan Canyon is postulated to exist near the 

entrance to the Cowichan Valley (Fig. 3.8) based on paleocurrent measurements 

(subordinate southwest orientation in Haslam Fm strata in the southern Nanaimo SB) 

compiled from strata in the Nanaimo and Cowichan SBs (Ward & Stanley, 1982; 

Mustard, 1994), from outcrop descriptions made along the Cowichan Valley (Jones, 

2016), and from DZ analyses of samples taken from and near the Cowichan Valley SB 

(Walters, 2020; Alberts et al., 2021; Huang et al, in press). Based on these data, the 

Cowichan Canyon is interpreted to have been established by the Campanian at the 

latest (and probably much earlier) and existed to at least the Late Campanian and 

probably longer. Of note, DZ analyses of samples taken from strata in the Cowichan 

Valley SB and Salt Spring Island display relatively consistent Middle- to Late-Jurassic 

MDAs (Walters, 2020; Alberts et al., 2021; Huang et al, in press) suggesting that the 

Cowichan Canyon may have existed as a sediment conduit as far back as the Middle 

Jurassic. More investigation into the Cowichan Canyon as well as turbidite strata 

exposed on the Gulf Islands, BC is required to confirm the existence of the Cowichan 

Canyon. 
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3.5. Syntectonic Sedimentation and Subsidence in the 
Georgia Basin 

While much of the lateral heterogeneity of depositional facies and DZ age 

spectra recorded in the lower Nanaimo Group can be explained by autogenic processes 

such as fluxes in sediment delivery and redistribution, migration/cessation of coeval 

igneous activity, or changes in regional drainage systems, it is likely that syntectonic 

uplift and subsidence also significantly influenced sedimentation. Forearc basins are 

poorly understood and very complex tectonic environments that have some of the least 

consistent subsidence patterns of all basin types, and where abrupt shifts in subsidence 

rates imply change in the controlling variables (Xie & Heller, 2009). A large number of 

factors influence the rate of subsidence including: 1) increase in the width of the arc-

trench gap, 2) migration of the accretionary wedge and volcanic arc, 3) regional isostatic 

effects caused by differences in lithospheric thickness or density, 4) thermal erosion or 

subsidence due to cooling, 5) extensional or compressional deformation and growth, and 

6) loading and underplating of the accretionary prism (Xie & Heller, 2009). All of these 

factors probably impacted deposition of the Georgia Basin to some degree. However, for 

simplicity and due to an inability to distinguish between effects linked to each process, all 

of these processes are referred to collectively as syntectonic sedimentation.  

The most obvious evidence for syntectonic sedimentation in the Georgia Basin is 

the transition from deep marine and turbidite successions of the Haslam Fm (deposited 

from the Santonian to Early Campanian) into coarse-clastic strata of the Extension, 

Pender and Protection Fms (deposited from the Early- to Middle-Campanian). This rapid 

change in facies and intervening disconformity are attributed to rapid syntectonic uplift of 

the Nanoose-Nanaimo regions (Fig. 3.8) during the Early Campanian, which uplifted the 

Nanoose Uplift, but not the rest of the Georgia Basin. Another potential example of 

syntectonic sedimentation is the orientation of sandstone injectites in marine strata, 

which are typically accordant and parallel with extension along paleoslopes (Rowe et al., 

2002) and/or paleo-fault networks (Huuse et al., 2003; Bureau et al., 2013). Comparison 

of injectites within DS5 strata assigned to the Late Campanian Cedar District Fm on 

Hornby and Denman Islands reveal there are two dominant injectite populations, one of 

which is roughly parallel and the other perpendicular to the southwest-west inferred axis 

of the Qualicum Canyon, and which may reflect extension along paleofaults or 

paleoslope (Bain, 2016). The correlation of the sandstone injectites with the axis of the 
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predicted Qualicum Canyon suggests that the Qualicum Canyon is structurally controlled 

and is, in part, a product of syntectonic deformation along the same fault network or a 

similar regional stress and strain regime that caused uplift of the Nanoose Uplift during 

the Campanian.  

Variations in the rate and angles of convergence between the underlying 

Farallon/Kula plates and the North American Craton were dominant controls on the 

tectonic evolution of the Georgia Basin; slower rates of convergence caused uplift and 

erosion and rapid rates caused subsidence and accommodation space creation 

(England & Bustin, 1998; Kent et al., 2020). The initial transgression of the Georgia 

Basin in the Santonian (~85–83 Ma, Comox-Haslam Fm equivalents) was probably 

caused by an increase in subsidence and accommodation space theorized to result from 

a change to oblique subduction of the Kula Plate (from orthogonal subduction) as it 

began to rift away from the Farallon Plate around 85 Ma (Woods & Davies, 1982; 

Engebretson et al., 1985; Coutts et al., 2020). Forearc subsidence is commonly induced 

by oblique subduction, and increases with the rate of subduction erosion of the 

underlying lithosphere (von Huene & Scholl, 1991; Fildani et al., 2008; Coutts et al., 

2020). Forearc subsidence probably induced the onset of regional transgression in the 

Georgia Basin (Haslam Fm). Additionally, oblique subduction may have cause forearc 

deformation and uplift opposite to the direction of subduction (Malatesta et al., 2013, 

2016); this was suggested by Coutts et al. (2020) to have induced uplift of the central-

southern end of the Georgia Basin around 85–84 Ma, which is approximately the same 

time that the Nanoose Uplift is predicted to have become emergent. Consequently, the 

Santonian-Campanian shift to northwest-oriented oblique subduction (from northeast-

oriented orthogonal subduction), and/or a decrease in the rate of convergence may be 

responsible for the uplift and deposition of coarse-clastic strata in the central Georgia 

Basin and the concominant rapid subsidence and drowning of the northernmost Georgia 

Basin.  

Another explanation for the differential subsidence recorded within the lower 

Nanaimo Group is lithospheric heterogeneity in underlying basement rock where flexing 

of the lithosphere caused subsidence in certain regions (England, 1989b). This 

heterogeneity may explain the marked difference both in subsidence behaviour between 

the relatively undeformed northern Comox SB and the highly deformed Nanaimo SB, 

and in the significantly different structural styles of the homoclinal Comox SB and the 
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imbricate fan Nanaimo SB (England, 1989b). The drastic changes in rheology caused by 

the variable lithologies of basement rocks that floor Nanaimo Group strata could have 

caused non-uniform behaviour in the lithosphere (England, 1989b). However, flexure of 

the underlying slab as the dominant subsidence control in the Georgia Basin is unlikely 

since the underlying lithosphere was probably too thick (as it comprises Wrangellian 

Terrane) and cold to account for the differences (England & Bustin, 1998) 

A third explanation for the basin-wide variability in subsidence and uplift across 

the Georgia Basin is slab failure of underlying oceanic crust (England, 1989b; England & 

Bustin, 1998; Kent et al., 2020). Slab failure describes the process of oceanic crust 

failing and tearing away from continental crust deeper into the mantle during subduction 

as a result of drastic differences in density (Sacks & Secor, 1990; Hildebrand & Bowring, 

1999). This process permits subdued, localized subsidence to occur, followed by rapid 

and uniform basin-wide subsidence, and was hypothesized to be the dominant control 

on the evolution of the Georgia Basin (England & Bustin, 1998). Specifically, slab failure 

would explain the general succession of terrestrial and shallow-marine strata (lower 

Nanaimo Group) transitioning upward into deep marine and turbidite strata (upper 

Nanaimo Group). The laterally restricted pulses of coarse-clastics recorded in the 

Extension-Pender-Protection Fms are evidence that this general deepening upwards 

trend can be interrupted by periods of syntectonic uplift or subsidence which are likely 

related to minor heterogenies in the lithosphere and/or changes in the rate or angle of 

subduction. 
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Chapter 4. Conclusions 

The main objective of this project was to assess the stratigraphic relationship 

between lower Nanaimo Group strata in the Comox SB and the tectonically deformed 

Nanaimo SB (Fig. 1.1). This was achieved by extending existing correlations (Kent, 

2018; Kent et al., 2020) both to  across the Nanoose Uplift and into the Nanaimo SB and 

stratigraphically up section from Comox Fm to the Protection Fm (Figs. 1.5 and 3.2) Key 

measured sections through the Comox and Nanaimo SBs were measured and 

correlated, including sections along Wilfred Creek, Wall Beach, Little Mountain, Little 

Qualicum River, Englishman River and Nanaimo River. Three questions were proposed 

in order to resolve the main thesis objective: 

1. What is the temporal equivalency and stratigraphic relation of lower Nanaimo 
Group strata between the Comox and Nanaimo SBs?  

2. Was the Nanoose Uplift a post-depositional structural uplift or a paleotopographic 
highland during deposition of the lower Nanaimo Group? Was it tectonically active 
during deposition? 

3. What do the data suggest was a reasonable paleogeographic architecture for the 
Georgia Basin during deposition of the lower Nanaimo Group?  

The following paragraphs will briefly address each of the three questions and 

discuss their implications. 

4.1. What is the temporal equivalency and stratigraphic 
relation of lower Nanaimo Group strata between the 
Comox and Nanaimo SBs? 

Twenty facies and subfacies were identified and subdivided into 11 facies 

associations. The 11 facies associations were grouped into 5 depositional systems 

which were employed to correlate stratal packages across the Georgia Basin. 

Correlations were made possible by defining a series of overlapping datums including 

surfaces defined by Kent et al., (2020) for the northern Comox SB, and new datums 

defined for the central Georgia Basin. Where possible, biostratigraphic age controls 

(Table 2.3) and detrital zircon maximum depositional ages (Table 2.4) were employed to 

correlate strata where datum positions are uncertain. The correlation of various 

depositional systems reveal a complicated depositional architecture for the lower 



105 
 

Nanaimo Group. There is significant lateral variation in facies and facies associations 

across the Georgia Basin, with two genetically and temporally distinct pulses of coarse-

clastic sedimentation. Each pulse preserves its own distinctive variations in depositional 

architecture. Of note, none of the strata that define the Pre Santonian- Santonian aged 

Comox Fm in the Comox SB can be correlated into the Nanaimo or Cowichan Valley 

SBs, and the paucity of regional datums or stratigraphic surfaces suggest that deposition 

did not occur concurrently across both SBs until at least the Latest Santonian-Earliest 

Campanian. Instead, there was likely a series of geographically and temporally isolated 

SBs that were infilled by dominantly coarse-grained terrestrial to paralic sedimentation 

before the regional transgression began in the Santonian-Campanian with deposition of 

the Haslam Fm. Deposition of the Haslam Fm records the amalgamation of individual 

SBs into a single continuous to semi-continuous basin. Following basin amalgamation, 

the Nanoose Uplift shows evidence of syntectonic sedimentation, and drove coarse- 

clastic deposition (Extension-Pender-Protection Fms) in the region near the City of 

Nanaimo. This coarse-clastic deposition continued until the transition into the upper 

Nanaimo Group in the Late Campanian-Early Maastrichtian.  

In multiple cases, despite being assigned to the same lithoformation (e.g., 

Comox Fm), the stratigraphic architectures of deposits observed in the Comox and 

northern Nanaimo SBs demonstrate that the strata in both SBs are genetically and 

temporally distinct. For example, the Benson Mbr is assigned historically to 

conglomerates that directly overlie the basal nonconformity. However, these 

conglomerate strata define a wide range of depositional environments that are located at 

significantly different stratigraphic elevations and display significant variations in clast 

provenance and DZ signatures (Fig. 3.2; Pacht, 1984; Mustard, 1994; Huang et al., 

2019; Coutts et al., 2020; Huang et al., in press). The results of this project reinforce the 

hypothesis that paleotopography on the basal nonconformity played an important role in 

the developing stratigraphic architecture and evolution of the lower Nanaimo Group, 

particularly from the Pre-Santonian to Lower Campanian (e.g., Ward & Stanley, 1982; 

England, 1989; England & Bustin, 1998; Huang et al., 2019; Kent et al., 2020)  
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4.2. Was the Nanoose Uplift a post-depositional structural 
uplift or a paleotopographic highland during deposition 
of the lower Nanaimo Group? Was it tectonically active 
during deposition? 

The Nanoose Uplift manifests presently as a northeast trending pre-late 

Cretaceous structural high comprising bedrock and that separates and demarcates the 

boundary between the Comox SB and the Nanaimo SBs (Figs. 1.1 and 3.8; England, 

1989; Mustard, 1994). Basement faults in and near the Nanoose Uplift indicate that 

tectonic displacement has occurred, the results of this project indicate that the uplift is 

also a pre-Cretaceous paleotopographic highland that separated contemporaneous 

marine sedimentation in the Nanaimo and Comox SBs (Fig. 3.3; McGugan, 1964; 

England & Bustin, 1998). Facies and paleocurrent measurements in lower Nanaimo 

Group also preserve indirect evidence that the Nanoose Uplift influenced sedimentation. 

For example, northwest-oriented paleocurrents in Haslam Fm turbidites overlying the 

Nanoose Uplift suggest that the topographic high deflected west-flowing turbidites to the 

northwest.  

The Nanoose Uplift was probably drowned or submerged during the Late 

Santonian-Early Campanian transgression during which time the Haslam Fm was 

deposited (Fig. 3.5). However the presence of laterally restricted terrestrial and paralic 

strata overlying the Nanoose Uplift (Extension-Pender-Protection Fms) indicate that the 

area became emergent following the transgression, and syntectonic uplift is interpreted 

as the probable driver of this (Figs. 3.6 and 3.7). The evidence for coeval structural uplift 

and subsidence of the Nanoose Uplift suggests that syntectonic sedimentation played an 

important role in the evolution of the Georgia Basin. 

4.3. What do the data suggest was a reasonable 
paleogeographic architecture for the Georgia Basin 
during deposition of the lower Nanaimo Group?  

A series five of paleogeographic maps are produced for the Georgia Basin during 

deposition of the lower Nanaimo Group, and these are based on both stratigraphic 

architectures defined herein (Fig. 3.2) and historical data and references. These maps 

define approximate time periods that are equivalent to one or more of the major 
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lithoformations (Fig 1.5) or their constituent members. The following paragraphs  

summarize the paleogeographic architectures for each of the five major time periods 

(Figs. 3.3–3.7). 

During pre-Santonian to Santonian (Pre-85 Ma) deposition of the Comox Fm (Fig 

3.3), the Georgia Basin was an underfilled, ridged forearc that displayed significant 

paleotopography on the basal nonconformity (Huang et al., 2019; Kent et al., 2020). The 

Nanoose Uplift was a topographic high that partly separated the Comox SB from the 

Nanaimo SB. The oldest and coarsest grained deposition in the study area (Benson 

Mbr) was restricted to topographic lows. This period of restricted fluvial deposition was 

succeeded by a regional coastal plain in the northern Comox SB dominated by swamps, 

peat mires, and floodplains that were crosscut by fluvial and fluvio-tidal channels (Fig. 

3.3). 

From ~85–84 Ma, the northern Comox SB was dominated by coastal-plain and 

fluvial strata, and the central Comox SB was dominated by shoreface and tidal-flats with 

minor swamp and shelf environments (Fig. 3.4); the resulting deposits define the 

Dunsmuir Mbr of the Comox Fm, equivalent strata in the southern Comox SB (LQ, ER 

sections) were dominated by marine deposits while in the northern Nanaimo SB, 

topography on the nonconformity delayed the onset of sediment accumulation resulting 

in a much thinner fluvial to shallow marine succession compared to that of the Comox 

SB.  

The architecture of the Georgia Basin from ~84–83 Ma was probably a 

submerged- to shoalwater-ridged forearc, with ubiquitous marine and turbidite strata 

recorded throughout the basin (Fig 3.5). During this period, the northwest sediment 

source was drowned out, and increasing amounts of sediment were sourced from the 

Coast Plutonic Complex (Pacht, 1984; Mustard, 1994; Coutts et al., 2020, Huang et al, in 

press). This period of regional transgression records the amalgamation of the various 

SBs of the Georgia Basin into a single basin. It is also possible that during this period the 

Qualicum and Cowichan Canyons were established or began to transport sediment to 

the proto-Pacific Ocean. 

Deposition of terrestrial to paralic Extension-Pender Fm strata occurred between 

~83 and 81 Ma, and these strata are more constrained to near the Nanoose Uplift (Figs. 
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3.2, 3.6 and 3.7). The distribution of  Extension-Pender Fm strata is interpreted to reflect 

an island-like configuration for the Nanoose Uplift at the time, which was concurrent with 

the final drowning of the shoalwater ridge and northwest sediment source (Figs. 3.6 and 

3.7; (Kent et al., 2020).  The Nanoose Uplift island was characterized by DS1, DS2 and 

DS3 deposits withs fluvial and alluvial conglomerate probably sourced from the Nanaimo 

area (England & Bustin, 1998). The northwest Comox SB records a thin shallow-marine 

succession that was gradually drowned resulting in marine conditions that persisted 

throughout the remainder of Nanaimo Group deposition (Mustard, 1994; Hamblin, 2012). 

The culmination of deposition of lower Nanaimo Group strata was from 81–80 

Ma, which constitutes the Protection Fm. These strata comprise laterally restricted 

coarse-grained DS1 and DS3 strata that are located near the Nanoose Uplift (Fig. 3.7). 

Outside of the uplifted region, the Georgia Basin was dominated by marine conditions 

(Mustard, 1994; Hamblin, 2012). The ER/WB sections appear to be closest to the 

paleoshoreline, and appear to display a series of backstepping, progradational 

shorefaces or delta-front deposits (Jones et al., 2018) occurring on the margins of an 

emergent Nanoose Uplift. These deposits are potentially the basinward extension of a 

fluvial channel system encased within coeval swamp and coastal plain strata observed 

on the NR. During this period of transgression, the emergent Nanoose Uplift probably 

displayed lowered topography and the island comprised extensive coastal plains and 

lesser fluvial/alluvial systems (Fig. 3.7). The nature of the transition upwards into deep-

marine deposits of the upper Nanaimo Group is unknown as outcrops of overlying coal-

bearing DS3 and DS2 deposits on the Nanaimo River (sections NR23-NR29; Appendix 

D) cannot be reliably placed into stratigraphic context due to structural deformation and 

a paucity of equivalent strata elsewhere in the Georgia Basin. 

4.4. Future Work 

The results of this project demonstrate that the initiation and evolution of the 

Georgia Basin was significantly more complicated than the currently accepted 

lithostratigraphic framework suggests. While this project provides a general genetic 

stratigraphic framework for the lower Nanaimo Group in the Comox and northern 

Nanaimo sub-basins, there are numerous opportunities for future work.  
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First, there is very little detailed  stratigraphic information for outlier SBs and 

outcrop belts (Port Alberni outcrop belt, Suquash SB, Cowichan Valley SB) of the 

Georgia Basin (Fig. 1.1). Based on their position relative to the basal nonconformity, the 

strata in these locations have been identified as part of the Comox Fm, which has been 

proven to been diachronous and non-laterally contiguous (Huang et al., 2019; Kent et 

al., 2020). The true age of these outliers and their stratigraphic relationship to strata in 

the Comox and Nanaimo SBs may provide critical information related to the large scale 

structural, stratigraphic and/or tectonic evolution of the Georgia Basin. For example, 

recent age-data from the Suquash SB, including DZ maximum depositional ages and 

palynological-based ages, suggest that it may belong to an entirely different basin than 

the Georgia Basin (Sproule, pers. comm., 2021).  

Second, additional data could be collected on previously explored sections 

including paleocurrent measurements, macro- and/or micro-fossils, petrographic 

samples and detrital zircon/apatite samples. Since the outcrop locations, maps and 

stratigraphic logs are now publicly available, basin wide and targeted sampling programs 

could be conducted as part of a suite of new studies focused on revising depositional 

architectures and sediment routing systems. Examples of projects include collecting 

paleocurrent measurements from Haslam Fm and younger turbiditic strata in the Comox 

SB, the Port Alberni Outlier, and Cowichan SB to confirm and constrain the position of 

the Qualicum and Cowichan Canyons. Additional data from macro- or micro-fossils could 

be collected and used to construct or refine the existing biostratigraphic framework (e.g., 

Haggart and Graham 2018), and allow for improved age bracketing of fossil assemblage 

zones and by extension, stratigraphic correlations. Detrital apatite or zircon analyses 

with a focus on sampling strata where stratigraphic ages are well established would 

enable detailed detrital geochronology (e.g., provenance, maximum depositional age, 

etc.) or thermochronology (basin thermal history, source rock exhumation, etc.) studies 

that could provide critical information on the evolution of the Georgia Basin and its 

corresponding  source rocks. Similarly, targeted petrographic or paleomagnetic sampling 

where the stratigraphic architecture and history is known may resolve large scale 

tectonic questions (Baja BC) around the geographic position of the Georgia Basin and 

underlying terranes (e.g., Wrangellia). 

Third, infilling gaps and details in the lower Nanaimo Group stratigraphic record 

of the Comox and Nanaimo SBs would allow subsequent researchers to build upon, 
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extend and refine this framework into a four-systems sequence tract. While lower 

Nanaimo Group stratigraphy in the Comox SB has been characterized using the various 

outcrop logs in this study and Kent et al. (2020), there are many unexplored areas that 

contain strata that would enable refinement of the stratigraphic framework. 

Unfortunately, the majority of strata in the Nanaimo and Cowichan Valley SBs are 

deformed rendering it much more difficult to resolve stratigraphic correlations.  

Finally, using a combination of various datasets to construct a 3D basin model 

would enable better visualization of the architecture of the Georgia Basin. A 3D model of 

the Georgia Basin would provide one of the first modern reproductions of a ridged-

forearc basin with extensive detrital zircon, macrofossil, and paleomagnetic data, 

providing an analogue for the development of models for other convergent margin 

basins and to demonstrate the complexity and variability in these systems. 
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Appendix A 
 
Geological Maps  

The full-sized geological maps for each of the Little Qualicum, Englishman and 

Nanaimo rivers as well as Wilfred “Coal” Creek are included in a compressed folder as 

.pdfs. Respective scales for each map are in the figure captions. 

Filename: Appendix_A_Geological_Maps.zip 

Figure A1: 1:25,000 scale geological map of the Wilfred “Coal” Creek area. 
File Name: Wilfred_Creek_Geological_Map.pdf 
 

Figure A2: 1:34,000 scale geological map of the Little Qualicum River area. 
File Name: Little_Qualicum_River_Geological _Map.pdf 
 

Figure A3: 1:40,000 scale geological map of the Englishman River area. 
File Name: Englishman_River_Geological _Map.pdf 
 

Figure A4: 1:20,000 scale geological map of the Nanaimo River area.  
File Name: Nanaimo_River_Geological _Map.pdf 
Note: this map encompasses the area displayed as a blue box in Figure B4, the Nanaimo River 
Outcrop Location Map 
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Appendix B 
 
Outcrop Location Maps 

The full-sized topographical Outcrop Location maps for each of the Little 

Qualicum, Englishman and Nanaimo rivers as well as Wilfred “Coal” Creek are included 

in a compressed folder as .pdf files. These .pdf maps were employed as the base maps 

for the geologic maps in Appendix A, and display the top, base and general line of 

section for each individual outcrop logs (available in Appendix D), as well as the 

locations of DZ samples (Table 2.3) and biostratigraphic samples (Table 2.4). 

Respective scale for each map is in figure caption, maps are sized for Letter type paper 

(8.5”x11”).  

Filename: Appendix_B_Outcrop_Location_Maps.zip 

Figure B1: 1:25,000 scale Outcrop Location map of the Wilfred “Coal” Creek area. 
File Name: Wilfred_Creek_OutcropLocation_Map.pdf 
 

Figure B2: 1:34,000 scale Outcrop Location map of the Little Qualicum River area.  
File Name: LittleQualicum_River_OutcropLocation_Map.pdf 

 
Figure B3: 1:45,000 scale Outcrop Location map of the Englishman River area.  
File Name: Englishman_River_OutcropLocation_Map.pdf 
 

Figure B4: 1:64,000 scale Outcrop Location map of the Nanaimo River area.  
File Name: Nanaimo_River_OutcropLocation_Map.pdf 
Note: this map has the area encompassed by the geologic map (Figure A4) displayed as a blue 
box, since this map also displays locations of outcrops not employed in correlations (NR23-
NR29). 
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Appendix C 
 
Composite Stratigraphic Sections 

The following section contains full-sized .pdfs of the Wilfred Creek, Wall Beach 

and the Little Qualicum, Englishman, and Nanaimo rivers composite sections in a 

compressed folder. Each composite section’s corresponding outcrop location log is 

displayed as well. The applicable legend for each stratigraphic section is available in 

Figures 2.11 and 2.12. These full-sized composite sections were created at 1:500 scale, 

however some display shortened covered intervals that are not to scale.  

Filename: Appendix_C_Composite_Stratigraphic_Sections.zip 

Figure C1: WFCS-Wilfred “Coal” Creek composite section.  
File name: Wilfred_Creek_Composite_Log.pdf 
 

Figure C2: LQCS1-Little Qualicum River composite section 

File name: Little_Qualicum_Composite_Log.pdf 
 

 Figure C3: ERCS1-Englishman River composite section of the Comox-Haslam 
Formations equivalents  

File name: Englishman_River_Comox-Haslam_Composite_Log.pdf 
 

Figure C4: ERCS2-Englishman River composite section of the Extension-
Protection Formations equivalents  

File name: Englishman_River_Extension-Protection_Composite_Log.pdf 
 

Figure C5: WBCS-Wall Beach composite section 

File name: Wallbeach_Composite_Log.pdf 
 

Figure C6: NRCS1-Nanaimo River composite section of the Comox-Haslam 
Formations equivalents 

File name: Nanaimo_River_Comox-Haslam_Composite_Log.pdf 

 

Figure C7: NRCS2-Nanaimo River composite section of the Extension-Protection 
Formations equivalents  

File name: Nanaimo_River_Extension-Protection_Composite_Log.pdf  
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Appendix D 
 
1:500 Scale Individual Stratigraphic Sections 

The following section contains a compressed folder (.zip file type) containing a 

1:500 scale .bmp image of each of the individual outcrop sections (e.g., WF1-WF4 for 

Wilfred Creek) as well as composite section(s) for the five major outcrop areas: Wilfred 

Creek, Wall Beach and the Little Qualicum, Englishman, and Nanaimo rivers. The 

applicable legend for each stratigraphic section is available in Figure 2.12.  

Filename: Appendix_D_Individual_Stratigraphic_Sections.zip 

Folder D1: Wilfred “Coal” Creek, 1:500 Scale Individual Stratigraphic Sections 
File name: Wilfred Creek_1_to_500_sections.zip 

 

Folder D2: Little Qualicum River 1:500 Scale Individual Stratigraphic Sections 
File name: Little Qualicum_1_to_500_sections.zip 

 

Folder D3: Englishman River 1:500 Scale Individual Stratigraphic Sections 
File name: Englishman River_1_to_500_sections.zip 

 

Folder D4: Wall Beach 1:500 Scale Individual Stratigraphic Sections 
File name: Wall Beach_1_to_500_sections.zip 

 

Folder D5: Nanaimo River 1:500 Scale Individual Stratigraphic Sections 
File name: Nanaimo River_1_to_500_sections.zip 
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Appendix E 
 
Full Scale Cross-Section of the Comox-Nanaimo 
Sub-Basins  

The full-sized schematic stratigraphic cross-section of the Comox-Nanaimo Sub-

Basins is included in a compressed folder as a .pdf file. This cross-section is poster 

sized at 42” tall (~107cm) by 46” wide (~117cm), with a vertical scale of 1 to 1659, a 

horizontal scale of 1 to 172, 687 and a vertical exaggeration of 104x. Unlike the reduced 

version in Chapter 3, the full-sized version displays more information including a inset 

map of the A-A’ line of section (top left), detrital zircon provenance (as colored pie 

charts) and MDA (Y3Zo displayed in Ma) of each DZ sample, the biostratigraphic zone 

and assigned age (shown as geologic period) of each fossil sample, summary tables of 

the DZ and biostratigraphic data (Tables 2.3 and 2.4 respectively), and adds-in the 

member level names of the lithostratigraphic units in the Comox SB nomenclature of 

Cathyl-Bickford (2001) displayed on the left/northwest side, and the Nanaimo SB 

nomenclature Cathyl-Bickford and Hoffman (1998) on the right/southeast side (the 

simplified version in Chapter 3 does not display member names, only formations). The 

approximate stratigraphic intervals for each paleogeographic map (Figs. 3.3- Fig.3.7) are 

displayed next to the lithostratigraphic names. 

Filename: Appendix_E_Full_Scale_Cross-Section.zip 

Figure E1: Full-scale schematic stratigraphic cross-section  of the Nanaimo Group 
in Comox-Nanaimo Sub-Basins. 

File name: Georgia_Basin_Cross Section_Full-Sized.pdf 

 
 


