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Abstract 

The Late Cretaceous lower Nanaimo Group was deposited in the forearc Georgia Basin of BC, 

Canada along the western margin of the Canadian Cordillera, and records its initiation and early 

depositional evolution. Nanaimo Group strata are currently subdivided into 11 lithostratigraphic 

units, which are identified based on lithology, texture (i.e., dominantly coarse- or fine-grained), 

and position relative to the basal nonconformity and to one another. Paleotopography on the 

basal nonconformity, however, ensures that these lithostratigraphic units are not time 

correlative, and hence, cannot reliably be used to reconstruct basin evolution. 

Herein, transgressive-regressive sequence stratigraphy is employed to construct a stratigraphic 

framework for the lower Nanaimo Group. Eight depositional phases are identified in the lower 

Nanaimo Group. Depositional phases are separated by flooding surfaces, regressive surfaces, 

or unconformities. The stratigraphy of the lower Nanaimo Group reflects net transgression, 

manifested as an upwards transition from braided fluvial conglomerates through to marine 

mudstones. 

Keywords:  Sequence stratigraphy; transgression; coal; forearc basin; Late Cretaceous; 

Nanaimo Group 
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Chapter 1. Introduction 

The Georgia Basin is a Cretaceous- to Cenozoic-aged forearc basin deposited in a 

convergent margin setting, along the western margin of the Canadian Cordillera (England and 

Bustin, 1998; Monger and Price, 2002). Cretaceous-aged strata deposited in the Georgia Basin 

are known as the Nanaimo Group, and were deposited on Wrangellia terrane, within the Insular 

Belt of the Canadian Cordillera (Mustard, 1994; Monger and Price, 2002). Wrangellia comprises 

Middle Paleozoic- to Jurassic-aged volcanic rocks, with minor limestones and pelites 

(McClelland et al., 1992; Monger and Price, 2002), and Wrangellia Terrane accreted to the 

western margin of North America in the Late Jurassic (McClelland et al., 1992). At the eastern 

margin of the Georgia Basin, a regionally extensive belt of granitic rocks, known as the Coast 

Belt, provided the source of most Nanaimo Group sediments (Monger and Price, 2002). 

Variable rates of convergence between the Farrallon/Kula and North American plates controlled 

the evolution of the Georgia Basin; with rapid convergence interpreted as driving subsidence 

sedimentation and slower rates of convergence associated with uplift and erosion (England and 

Bustin, 1998). Siliciclastic Nanaimo Group strata record the primary phase of subsidence within 

the Georgia Basin (England and Bustin, 1998). This project is focused on Nanaimo Group strata 

within the Comox Sub-Basin, one of the constituent sub-basins that make up the Georgia Basin. 

Multiple lithostratigraphic schemes, and depositional architectures have been proposed 

for the Nanaimo Group, Vancouver Island with different schemes derived from different study 

areas and datasets (Atchison, 1968; Muller and Jeletzky, 1970; Bickford and Kenyon, 1988; 

Mustard, 1994; Hamblin, 2012). Unfortunately, structural deformation, glacial erosion, and 

limited outcrop exposures of Nanaimo Group rocks have hindered correlations across the basin, 

resulting in disparate views of stratal architectures and correlatability. The presently accepted 

lithostratigraphy for the Nanaimo Basin defines formations by their position relative to both the 

basal nonconformity and to vertically adjacent coarse- and fine-grained units (Fig. 1.1; Mustard, 

1994; Hamblin, 2012); this stratigraphy does not adhere to sequence stratigraphic principles. 

The main objective of this project is to replace the lithostratigraphic model for the oldest strata of 

the Nanaimo Group with a sequence stratigraphic one and focusing in the Comox Sub-Basin 

(Comox to Campbell River, Vancouver Island, B.C.). 
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Figure 1.1 Lithostratigraphy of the Nanaimo Group as proposed by Mustard (1994) and 
England (1989) (modified from Mustard, 1994). 

         

1.1. Previous Work on Georgia Basin Stratigraphy 

The Nanaimo Group comprises dominantly Turonian- to Maastrichtian-aged sediments 

preserved in a single northwest-trending topographic depression known as the Georgia Basin 

(Mustard, 1994; Hamblin, 2012). Given the structural evolution of the Canadian Cordillera, 

previous workers have posited that the Georgia Basin developed in the arc-trench gap between 

Wrangellia Terrane and North America (Muller and Jeletzky, 1970; England and Calon, 1991; 

England and Bustin, 1998), although the basin has been interpreted as a forearc basin, strike-

slip basin, and foreland basin (Fig 1.2; Mustard, 1994).  

Evidence for a strike-slip basin formed by extension and transcurrent faulting came from 

petrographic analysis, the existence of a subaerially exposed horst in the south Georgia Basin, 

and transform faulting between the Farallon/Kula plate and the western margin of the Canadian 

Cordillera (Pacht, 1984). However, the faulting necessary to support this model postdates 

formation of the Nanaimo Group (England and Calon, 1991). Basin fill within the Georgia Basin 

resembles a foreland basin, and the timing of thrust faulting south of the basin supports a 
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foreland model (Brandon et al., 1988; Monger and Journeay, 1992). Mustard (1994) posited that 

the way the Georgia Basin evolved is consistent with early loading and forebulge migration 

westward with associated subsidence. This model would make the Georgia Basin an oddity 

along the western Cordilleran margin, and the forearc model more closely matches the regional 

setting. 

      

Figure 1.2 Potential Georgia Basin architectures (modified from Mustard, 1994). 

 

The forearc basin model is adhered to herein, largely because coeval basins on the 

western margin of North America have been identified as forearc basins, and because of the 

Georgia Basin’s position in the arc-trench gap (Ingersoll, 1978; Dickinson and Seely, 1979; 

England and Bustin, 1998; DeGraaff-Surpless et al., 2002). Georgia Basin contains the basic 

elements of forearc basins along the Cordilleran margin (from west to east): a subduction 

complex associated with the main subduction zone, a basin within the arc-trench gap, a 
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magmatic arc with granitic plutons, a backarc fold-thrust belt, and a retroarc foreland basin 

(Dickinson, 1976). Unlike some forearc basins, however, Georgia Basin has been identified as 

anomalous due to the preservation of thick successions of shallow-marine strata, and a 

stratigraphy that does not shoal upwards (Dickinson and Seely, 1979; Miall, 1984; Hamblin, 

2012).  More recently though, studies have identified thick successions of terrestrial strata in 

forearc settings similar to Georgia Basin (Takano et al., 2013; Takano and Tsuji, 2017) 

reinforcing the interpretation of Georgia Basin as a forearc basin. The lack of volcanic deposits 

in the Nanaimo Group strata could be explained by distance from active volcanism and arc 

migration inland as subduction of the Farallon\Kula Plate progressed, away from the main 

depocenters of the Georgia Basin.  

 

 

Figure 1.3 Map of Vancouver Island, Canada with Nanaimo Group outcrop locations highlighted 
in yellow and studied outcrop and core locations in blue.  The names in orange refer to sub-
basins of the Georgia Basin. The inset maps shows the position of British Columbia in Canada 
and Vancouver Island in British Columbia (modified from England and Bustin, 1998; Massey et 
al., 2005). 
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Mustard (1994) proposed a lithostratigraphic framework for the Nanaimo Group based 

on sequential stacking of coarse- and fine-grained strata (Fig. 1.1). Formations are defined by 

their stratigraphic position relative to the basal nonconformity and to each other. Mustard’s 

(1994) lithostratigraphic framework represented the synthesis of several older nomenclatural 

and mapping schemes. Older schemes were developed assuming one- and two-distinct basins, 

and were merged into a one basin, one nomenclature framework (Mustard, 1994). Previous 

mapping of the Nanaimo Group across the Comox-Campbell River area was undertaken by 

Kenyon and Bickford (1988) who used lithostratigraphy and focused on the continuity of coal 

deposits (Fig. 1.4). Bickford and Kenyon (1988) highlighted the complex stratigraphy in the 

Georgia Basin, with several coarse- and fine-grained lithoformations interfingering across the 

basin, as well as interpreting periods and areas of non-deposition. They employed the one 

basin, one nomenclature scheme (Mustard, 1994) as their project was a regional-scale mapping 

effort intended to correlate stratigraphy between the Comox and Nanaimo Sub-Basins. Bickford 

and Kenyon’s (1988) schemes identified several sub-members within the Extension, Pender, 

and Protection formations; however, no bounding discontinuities were identified, and the 

scheme is inadequate for sequence stratigraphic correlation of gentically related strata. 

 

Figure 1.4 Schematic represenation of Nanaimo Group lithostratigraphy by Bickford and 
Kenyon (1988) highlighting different formations and complex depositional architectures in the 
Nanaimo Group (modified by Dashtgard, pers. comm. 2018;  after Bickford and Kenyon (1988)). 

 

Prior to Bickford and Kenyon’s (1988) work, Atchison (1968) attempted to correlate 

strata through the lower Nanaimo Group in coal fields in the Comox Valley near the town of 

Comox. Atchison (1968) correlated strata based on lithologic similarities (Usher, 1952), but 

these did not agree with those based on paleontological criteria (Bell, 1957; Crickmay and 
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Pocock, 1963; McGugan, 1964). Consequently, Atchison recommended against correlating 

lithologies between the Comox and Nanaimo Sub-Basins. The primary data set employed in 

Atchison’s study were borehole records that contained depths and gross lithology for various 

units encountered through drilling. Borehole records lacked grain size estimates, sedimentary 

structures, biogenic structures or any compositional estimates, thus Atchison (1968) used the 

borehole data to calculate percentages for four lithologies in stratigraphic intervals bracketed by 

coal seams; conglomerate, sandstone, shale and coal. The four lithologies were correlated 

within two broad study areas, the Cumberland and Tsable River areas, and Atchison’s (1968) 

work revealed substantial paleotopography on the basal nonconformity, with Comox Formation 

thickness varying between 305 m (1,000 ft) and less than 30.5m (100 ft; Atchison, 1968). 

Atchison’s correlations revealed an overall transgressive character to the Comox Formation in 

the Comox Valley. 

Biostratigraphic work on the Nanaimo Group has focused on ammonite, mollusc, and 

plant fossils (Fig. 1.1; Usher, 1952; Bell, 1957; Crickmay and Pocock, 1963; McGugan, 1964; 

Muller and Jeletzky, 1970; Haggart, 1991). Usher (1952) identified four distinct ammonite 

faunizones made up of 12 different species common to both the Nanaimo and Comox Sub-

Basins. Three of the faunizones belong to the Campanian, while the fourth is Maastrichtian in 

age (Usher, 1952). Usher determined that the type of ammonites present in Nanaimo Group 

strata implied a connection between the sea that occupied the Georgia Basin and the proto-

Pacific ocean. Muller and Jeletzky (1970) used a biozone classification based on the inferred 

stratigraphic ranges of coeval cephalopod and mollusc species, which superseded the earlier 

faunizone classification used by Usher (Fig. 1.1). The biozonation and lithostratigraphy of the 

Nanaimo Group was later refined using more precise molluscan fossil assemblages (Haggart, 

1991; Haggart, 1994; Haggart et al., 2005). Mollusc biostratigraphy superceded the earlier 

ammonite work as there are more known fossil localities with bivalve shells preserved. 

Foraminifera biozones for the Nanaimo Group were first defined by McGugan (1964). 

McGugan (1964) found that lower Haslam and Trent River formations were typified by large 

benthic lagenids, assessed as Campanian to Maastrichtian in age. The Cedar District, 

Northumberland and Trent River Formations contained late Campanian fauna, while the 

Lambert and Spray Formations contained Maastrichtian aged fauna. Santonian aged 

foraminifers were first identified in the Haslam Formation by Sliter (1973). The Foraminiferal 

assemblage analyzed by Sliter (1973) enabled correlation of 18 planktonic species in the 

Nanaimo Group to North Pacific planktonic zones, and established local correlations that rested 
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upon a series of five benthic concurrent-range zones; bodies of strata characterized by 

overlapping stratigraphic range of two or more benthic foraminifera species (Fig. 1.1). McGugan 

(1979) refined Sliter’s (1973) benthic concurrent range zones and observed that some occurred 

lower in the Northumberland Formation than previously recorded.  

1.2. Lithostratigraphic Framework 

The Georgia Basin comprises five sub-basins: Chuckanut, Comox, Nanaimo, Suquash and 

Whatcom (Fig. 1.3). These sub-basins were subsequently renamed outcrop areas when the 

“one basin” nomenclature was proposed (Mustard, 1994), although they are referred to as sub-

basins herein due to inconsistencies with the one-basin model. The lithostratigraphy of the 

Nanaimo Group has been described in detail by several researchers (Muller and Jeletzky, 1970; 

Bickford and Kenyon, 1988; Mustard, 1994), and the presently accepted lithostratigraphic 

formations of the Nanaimo Group comprise: Comox, Haslam, Extension, Pender, Protection, 

Cedar District, DeCourcy, Northumberland, Geoffrey, Spray, and Gabriola (Fig. 1.1).  

Formations in the lithostratigraphic framework (Fig. 1.1) alternates between sand- and 

shale-dominated units, and names are assigned based on their position relative to the basal 

nonconformity and to each other. This framework, however, does not consider facies variations 

of contemporaneous units, nor are allogenic surfaces used to subdivide the stratigraphy. 

Attempts at grouping Nanaimo Group stratigraphy into packages is limited to Atchison (1968) 

and Muller and Jeletzky (1970). Atchison (1968) focused on the coal-bearing strata of the 

Comox Formation near the town of Comox, and identified cyclical patterns of sedimentation, 

with thick sandstone strata and thinner coaly mudstone packages. Coal and mudstone 

lithofacies were taken to represent quiet-water conditions in brackish to non-marine 

environments, with accumulation of peat in swamps (Atchison, 1968). Thicker sandstone 

packages are described as marine in character, based on rare detrital calcite grains, bivalve 

shells, and an absence of biotite (Atchison, 1968). Atchison (1968) proposed a model of major 

westward transgression during Comox Formation deposition. During this overall transgression, 

numerous minor regressions and transgressions occurred. Thin coaly strata with local lateral 

extent were taken to represent regressive phases of deposition, whereas thick marine 

sandstones were taken to reflect transgressive phases. 

Muller and Jeletzky (1970) proposed four depositional cycles for the Georgia Basin: 

Comox to Extension; Extension to DeCourcy; DeCourcy to Geoffrey; and Geoffrey to Gabriola. 
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Lithologies and fossil contents for every formation in the Georgia Basin were assessed and 

used as proxies for eustatic shifts; coarse-grained formations representing regression and finer-

grained units representing transgression. Muller and Jeletzky (1970) then used these 

depositional cycles to reconstruct multiple paleogeographic maps of the Georgia Basin. They 

posited different levels of connectivity to the Pacific Ocean through time. The presence and type 

of ammonite fauna is the primary evidence employed to propose connectivity to the Pacific 

Ocean in later cycles. Muller and Jeletzky’s (1970) paleogeographic reconstructions are 

consistent with later research on forearc sedimentation styles, fitting an emergent trench-slope 

break (Dickinson and Seely, 1979; Takano et al., 2013; Takano and Tsuji, 2017). Unfortunately, 

Muller and Jeletzky (1970) did not assess the stratigraphic breaks within formations, and 

mapped highly diachronous strata to correlate between sub-basins. 

The paleo-topographic high known as the Nanoose Uplift impedes direct correlation 

between the Comox and Nanaimo sub-basins (Mustard, 1994). The Nanoose Uplift is a 

southwest-northeast trending structure (Fig. 1.3) underlain by Paleozoic Sicker Group 

metasedimentary and volcanic rocks which are isoclinally folded. Nanaimo Group outcrops near 

the Nanoose Uplift are disrupted by northwest striking thrust faults (Yorath et al., 1985; Yorath, 

1987). England (1989) proposed the Nanoose Uplift as a depositional barrier between sub-

basins, making correlation of lower Nanaimo Group strata between the Comox and Nanaimo 

Sub-Basins difficult. However, researchers using different lithostratigraphic frameworks to trace 

formations between the Comox and Nanaimo Sub-Basins have argued that strata can be 

correlated between sub-basins (Muller and Jeletzky, 1970; Yorath et al., 1985; Cathyl-Bickford 

and Hoffman, 1991). This project aims to propose a sequence stratigraphic framework for the 

lower Nanaimo Group by mapping strata across the Comox Sub-Basin. The three principal 

formations of investigation in this study (Comox, Haslam, and Extension) are described below. 

1.2.1. Comox Formation 

The basal nonconformity of the Nanaimo Group displays high relief, and the Comox 

Formation is the conglomerate- to sandstone-interval directly overlying the nonconformity 

(irrespective of relief on the nonconformity). It has been interpreted locally as a rocky shoreline 

deposit subjected to frequent storm events (Johnstone et al., 2006); although elsewhere the 

Comox Formation comprises fan deltas, alluvial fans, braided river deposits and transgressive 

lags. The Comox Formation in the Comox Sub-Basin is subdivided into the Benson, 

Cumberland and Dunsmuir Members (Bickford and Kenyon, 1988; Hamblin, 2012). Benson 
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Member deposits comprise braided river and alluvial successions infilling topographic lows on 

the basal nonconformity (Bickford and Kenyon, 1988). Back-barrier and deltaic successions in 

the Cumberland Member contain coal in the Comox and Campbell River areas (Bickford and 

Kenyon, 1988; Mustard, 1994; Cathyl-Bickford, 2001b). The Dunsmuir Member comprises tidal 

inlets and deltas, back-barrier lagoons and barrier successions (Cathyl-Bickford, 2001b). A 

Turonian-aged formation known as the Sidney Island Formation was also identified on the basis 

of mollusc fossils (Haggart et al., 2005); however, the lithostratigraphic nature of the Comox 

Formation and its complex depositional history allows for a Turonian fossil suite (Johnstone et 

al., 2006) and Turonian-aged fossils have been found in the Comox Formation elsewhere in the 

Nanaimo Basin (Muller and Jeletzky, 1970; Mustard, 1994; Hamblin, 2012). Consequently, the 

Sidney Island Formation was removed as a formal stratigraphic unit in the most recent 

lithostratigraphic scheme (Hamblin, 2012). 

1.2.2. Haslam Formation 

The contact between the Comox and Haslam formations is described as gradational 

(Hamblin, 2012). However, Jones (2016) identified transgressive surfaces of erosion marked by 

Glossifungites Ichnofacies-omission suites at the contact between the Comox and Haslam 

formations suggesting that the contact is not conformable in all locations. Dark grey shale 

dominates the Haslam Formation with siltstone and rare sandstone interbeds < 1 m thick (Muller 

and Jeletzky, 1970), and these strata are interpreted as prodelta to shelf facies associations 

(Hamblin, 2012). Turbidite deposits have also been observed in the Haslam Formation in the 

Cowichan Valley (Ward, 1978). Usher (1949) documented the presence of cross-cutting 

sandstone dikes within continuous dark grey shale on Denman Island, which implies tectonic 

activity. These high angle sandstone dikes are common in the upper and lowermost sections of 

the Haslam (Usher, 1949), and are interpreted as injectites emplaced during earthquakes. 

1.2.3. Extension Formation 

The contact between the Haslam and Extension formations is sharp and conformable. The 

Extension Formation is composed of thick-bedded conglomerates and medium- to coarse-

grained arkosic sandstones (Hamblin, 2012), and shows a distinct fining-upward trend, with 

fewer conglomerates occurring up-section. In the northern Comox Sub-Basin, facies 

associations identified in the Extension Formation are interpreted to be the result of high-energy 

deposition in a submarine canyon system (Hamblin, 2012). In the Nanaimo Sub-Basin, facies 
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associations identified in the Extension Formation are interpreted to be the result of braided-

fluvial to shallow-marine deposition (Mustard, 1994; Hamblin, 2012). 

1.3. Objectives 

The main objective of this project is to propose a transgressive-regressive sequence 

stratigraphic framework for the oldest strata of the Nanaimo Group, focusing in the Comox Sub-

Basin (Fig. 1.3; Comox to Campbell River, Vancouver Island, B.C.). To achieve this objective, 

two sub-objectives are defined:  

1) Use facies associations to identify important sequence stratigraphic surfaces and correlate 

these surfaces across the Comox Sub-Basin. 

2) Present a depositional evolution for the lower Nanaimo Group in the Comox Sub-Basin. 

Identifying bounding discontinuities in outcrops and cores and appropriate datums is key to 

this project. Given the lateral diachroneity in the lower Nanaimo Group datum selection is 

challenging, hence multiple sub-parallel horizons are employed to act as a composite datum. 

Characterizing the range of depositional environments in the lower Nanaimo Group is 

fundamental to analyzing its stratigraphy and is best accomplished through facies analysis. This 

study employs facies analysis to differentiate allogenic from autogenic surfaces in the lower 

Nanaimo Group and then facies are used to generate a sequence stratigraphic framework for 

these strata. Maximum depositional ages (MDAs) derived from detrital zircon analysis are used 

to constrain correlations across the Comox Sub-Basin. 

1.4. Study Area and Methods 

This project involves developing a sequence stratigraphic framework for the lower Nanaimo 

Group across the Comox Sub-Basin, between Bowser and Campbell River, on the east coast of 

Vancouver Island, British Columbia (Fig. 1.5). To do this, continuous or near continuous 

sections through the lower Nanaimo Group are logged. Stratigraphic sections are derived from 

two cores from the Quinsam Coal Mine (132 m total), one core from near Courtenay, BC (400 m 

long; Fig. 1.5), and three outcrop sections along the Browns, Oyster, and Trent rivers (Fig. 1.5). 

The three river sections are recommended by Gwyneth Cathyl-Huhn (formerly Cathyl-Bickford) 

as being the most complete.  
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Figure 1.5 Map of the study area, with key outcrop and core locations in dark blue. 

 

The study area is host to the last major coal mine on the island (Quinsam Coal), which has 

operated since 1987 (Bennett, 2016). In the Nanaimo area, the Georgia Basin was the focus of 

oil and gas exploration and aquifer suitability (Hamblin, 2012). Hydrocarbon exploration was 

unsuccessful, owing to limited reserves and poor reservoir quality (Hannigan et al., 2001). The 

primary reason for limited reservoir potential is the arkosic compositions of coarse-grained 

sandstones in the lower Nanaimo Group. Feldspars in these rocks are largely altered to clay, 

which destroyed permeability (Zhai and Grasby, 2002; Hamblin, 2012). 

Logging sections was accomplished by first establishing dip-direction and dip using a 

compass, and then using a 1.5 m long Jacob’s staff equipped with a digital inclinometer, tactical 

monocular and green laser pointer to accurately measure outcrop sections at the bed or bed-set 

scale. When exposure was poor or outcrops formed cliffs, a TruPulse® 200 laser range finder 

was employed to find vertical or horizontal thickness, and then corrected for dip. A variety of 
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data was measured and/or described from outcrop and cored sections. Grain sizes, lithologies, 

sedimentary structures, and bed thicknesses were the primary sedimentological data collected. 

Trace fossils, their diversity and the intensity of bioturbation (measured using bioturbation index; 

Taylor and Goldring, 1993) were documented for ethological analysis at the bed level. All cores 

were photographed with a high-resolution digital camera, and representative photos of outcrops 

were also acquired. In the 2016 and 2017 field seasons, numerous faults were observed, yet 

the displacement was minor, and it was possible in most cases to match beds across faults. 

Determining the displacement of faults in outcrops depended on accurate measurement of bed 

thicknesses. Recording the attitudes of faults along with accurate dip and dip directions also 

helped refine displacement estimates. 

Twelve detrital zircon (DZ) samples were collected from outcrops along the Oyster, Browns, 

and Trent rivers located between Campbell River and Comox (Fig. 1.5), as well as the Dove 

Creek D2-A and Quinsam Coal Mine cores. DZ analysis was performed by Applied Research in 

Ichnology and Sedimentology (ARISE) member Chuqiao Huang. DZ were analyzed for 

maximum depositional ages (MDAs), and MDAs are reported as the youngest three grains with 

a 2σ overlap in age. The methodology for zircon processing, analysis and MDA calculations is 

detailed in another study (Huang et al. (in review)), and follows the protocols outlined in 

Matthews et al. (2017). Detrital zircon MDAs provide reasonable constraints on correlations, 

although MDAs have inherent uncertainty and hence are given subordinate weighting to facies-

based correlations.  This uncertainty stems from the fact that in addition to laboratory error, they 

provide maximum instead of minimum depositional ages, and strata deposited at the same time 

could sample source areas of substantially different ages, potentially yielding anomalously old 

MDAs. 

Correlation of the lower Nanaimo Group across the Comox Sub-Basin is accomplished 

using stacking patterns of depositional systems, identification and correlation of stratigraphic 

breaks, shifting depositional styles along depositional strike, previous interpretations (e.g., 

Atchison, 1968; Bickford and Kenyon, 1988; England, 1989) and maximum depositional ages 

derived from detrital zircon. Strata in the Comox Sub-Basin are divided into depositional phases 

in this study. Phases described herein are defined based on overall transgression or regression, 

and are bracketed by disconformities, regressive surfaces, and flooding surfaces. Comox Sub-

Basin infill reflects overall transgression, punctuated by brief periods of progradation. This 

approach differs from previous transgression-regression cycles proposed for the Georgia Basin 

(e.g., Muller and Jeletzky, 1970) by focussing on stratigraphic surfaces within formations, 
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instead of characterizing each coarse- or fine-grained formation as representing regression or 

transgression, respectively.  

1.5. Thesis Layout 

This thesis is split into four chapters. The first chapter introduces the project and 

provides background information on the study area, including previous research. The second 

chapter deals with the facies and facies associations interpreted in the field area and introduces 

lithologs and composite logs produced from observations during the 2016-2017 field seasons. 

The third chapter largely comprises a manuscript submitted to a peer-reviewed journal that 

delves into a discussion on the stratigraphic architecture and transgressive-regressive character 

of the basin. Chapter 3 also contains figures detailing the inferred evolution of the basin, cross-

sections, and paleo-depositional maps for different time periods in the Nanaimo Group. Chapter 

4 concludes the thesis and lays out options for future research. 
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Chapter 2. Facies Analysis of Lower Nanaimo Group 
Strata in the Comox Sub-Basin 

2.1. Introduction 

This chapter describes facies interpreted in the three river outcrop locations, the two 

cores and generalized stratigraphy of the Quinsam Coal Mine, and the Dove Creek D2-A core 

(Table 2.1; Fig 1.4). Facies are defined based on sedimentological characteristics, then refined 

based on ichnological content. Grain size, primary sedimentary structures, and lithologic 

accessories are the main sedimentological characteristics used to define facies. Trace fossils 

are used to construct an ethological framework for strata at the bed and bedset level. Based on 

the sum of sedimentological and ichnological characteristics, a depositional sub-environment is 

proposed for each facies (Table 2.1; Fig. 2.1–2.4). These facies are then packaged into seven 

facies associations, and four depositional systems which are correlated across the Comox Sub-

Basin (Table 2.2).  

This chapter also introduces individual and composite lithologs constructed from field 

observations and core logging. These lithologs include facies and facies association 

distributions. Key sections are presented at the end of the chapter but condensed down to 

correlation scale. Detailed lithologs are available in Appendix A. 

2.2 Facies  

Facies are presented in Table 2.1 and representative photos are shown in Figures 2.1 to 

2.4. Facies stacking patterns, facies associations and depositional systems are described in 

more detail in section 2.3.
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Facies Sedimentology Trace Fossils BI 

Depositional 
Environment / 
Architectural 

Element 

Contacts 
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m
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F1: Clast-supported pebble-
boulder conglomerate 

Clast-supported, sub-rounded to well-rounded, pebble - to boulder-
sized clasts, very poorly sorted, crudely stratified. Minor trough-cross 
stratification & scours. Organic detritus and wood fossils. Minor 
intercalated fine- to medium-grained sandstone lenses. 

N/A 0 
Braided-fluvial 
channel fill 

L: scoured 

U: sharp 

Sa
n

d
st

o
n

e
 /
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d
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o
n

e
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o
m
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e
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F2: Trough cross-stratified 
sandstone 

Coarse- to medium-grained sandstone with trough cross-stratification, 
planar laminations, minor pebble lags and lenses, mud chips/rip ups, 
wood fossils and organic detritus. 

N/A 0 
(Undifferentiated) 
fluvial channel fill 

L: scoured 

U: sharp 

F3: Bioturbated trough 
cross-stratified sandstone 

Coarse- to medium-grained sandstone with trough cross-stratification, 
planar laminations, wavey laminations, mud rip ups, wood fossils, 
organic detritus. 

Op, Th, P 1–2 
Estuarine channel 
fill 

L: scoured 

U: sharp 

F4: Bioturbated heterolithics 
with depositional dip 

dm–scale very fine-grained sandstone beds interbedded with cm–
scale, dark grey mudstone beds, planar laminations, current ripples, 
mud drapes, wood fossils and organic detritus. 

P, Pa, Th, Ar, 
Cy 

0–2 
Tidally influenced 
point bar 

L: scoured 

U: gradational 

F5: Intensely bioturbated 
sandstone with 
Ophiomorpha 

Medium- to fine-grained sandstone with minor trough cross-
stratification, planar laminations, current ripples, organic laminations, 
wood fossils, and organic detritus. 

Op, Pa, Pl, 
Sk, Th, Co, 
Cy, Ar, Sch, 

Pho 

5 Intertidal Sandflat 
L: gradational 

U: gradational 

F6: Tough cross-stratified 
sandstone with 
Macaronichnus 

Medium- to fine-grained sandstone with trough cross stratification, 
pebble lenses, minor woody detritus. 

Op, Ma 0–5 Upper shoreface 

L: gradational 

U: sharp 

F7: Swaley cross-stratified 
sandstone 

Medium- to fine-grained sandstone with swaley cross-stratification, 
planar laminations, wavey laminations, minor hummocky cross-
stratification, internal scours, mud rips ups, wood fossils, organic 
detritus, shell fragments. Minor dm–scale mudstone interbeds with shell 
fragments and organic detritus. 

Op, Co, Ro, 
Di, S, P, Pa, 
As, fu, Ma 

1–4 
Middle  shoreface / 
wave-dominated 
proximal delta front 

L: scour 

U: sharp 
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F8: Low-angle, parallel-
laminated sandstone 

Medium- to very fine-grained sandstone with wavey laminations, planar 
laminations, hummocky cross-stratification, organic laminae, organic 
detritus, shell fragments, wood fossils. Minor intercalated pebble-cobble 
lenses. 

Ar, Ma, Pa, 
Op, Ro, Cy, 
Ph, Rh, Sch 

0–4 
Lower shoreface / 
Storm-dominated 
shelf 

L: sharp 

U: sharp 

M
u
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n
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u

d
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o
n

e
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o
m
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e
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F9: Pebbly mudstone 
Reddish coloured, friable paleosol, with cobble- to boulder-sized 
volcanic clasts. 

N/A 0 
Sub-aerially 
exposed volcanics / 
incipient-paleosol 

L: gradational 

U: sharp 

F10: Weakly bioturbated 
sandy mudstone 

Light grey mudstone with interbedded cm–scale fine- to very fine-
grained sandstone, planar laminations, current ripples, organic detritus, 
wood fossils. 

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

U: sharp 

F11: Mudstone with minor 
siltstone laminae 

Grey mudstone with interbedded cm–scale siltstone, planar 
laminations, mud beds, and organic detritus. 

Pl 0–2 Prodelta  
L: sharp 

U: gradational 

F12 

F12a: Intensely 
bioturbated 
fossiliferous 
mudstone 

Dark grey mudstone, planar laminations, wood fossils, very fine-grained 
sandstone lenses, shell fragments. Minor cm–scale very fine-grained 
sandstone interbeds. Conspicuous sandstone injectites. 

Op, Ph, Pl, 
Sch, Tei, Th 

4–6 
Protected Shelf / 
Deepwater 

L: sharp 

U: sharp 

F12b: Planar 
laminated mudstone 

Dark grey mudstone, planar laminations, very fine-grained sandstone 
nodules, shell fragments, organic detritus, wood fossils. Minor 
interlaminated siltstone and sandstone. Rare vertical injectites. 

Pl, Sch 0–2 
Protected Shelf / 
Deepwater 

L: sharp 

U: sharp 

F13 

F13a: Rarely 
bioturbated, organic-
rich, laminated 
mudstone 

Dark grey mudstone, planar laminations, organic detritus, wood fossils, 
coalified plant material, coaly stringers, coal beds. 

P, Pa, Th 0–1 
Coastal-plain 
swamp 

L: sharp 

U: scoured 

F13b: Organic-rich, 
laminated sandy 
mudstone 

Dark grey mudstone with cm–scale very fine-grained sandstone, planar 
laminations, organic detritus, wood fossils. 

N/A 0 
Overbank / 
floodplain 

L: sharp 

U: sharp & 
scour 

C
o

al
 

F14 

F14a: Laminated 
coal 

Black, cm-scale, weakly- to well-laminated coal, iron staining. N/A 0 
Raised mire, back 
barrier swamp 

L: sharp 

U: scoured 

F14b: Cleated coal Black, dm-scale, well-laminated, cleated coal. N/A 0 
Forested swamp, 
floodplain 

L: sharp 

U: scoured 
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Table 2.1 Table of facies defined in lower Nanaimo Group strata in the Comox Sub-Basin. Measurement 
abbreviations: dm (decimetre); cm (centimetre). Biological abbreviations: Arenicolites (Ar); Asterosoma (As); 
Chondrites (Ch); Conichnus (Co); Cylindrichnus (Cy); Diplocraterion (Di); fugichnia (fu); Gyrolithes (Gy); 
Helminthopsis (He); Macaronichnus (Ma); Ophiomorpha (Op); Palaeophycus (Pa); Phycosiphon (Ph); Phoebichnus 
(Pho); Planolites (P); Rhizocorallium (Rh); Rosselia (Ro); Schaubcylindrichnus (Sch); Scolicia (Sc); Skolithos (S); 
Taenidium (Ta); Teichichnus (Tei); Thalassinoides (Th); Zoophycos (Z). Contacts: lower contact (L); upper contact 
(U). 
 

 

Figure 2.1 Photographs of facies 1–3 with common sedimentological and ichnological features 
illustrated. A. Facies 1: very poorly sorted clast-supported conglomerate. (Oyster River Section, 
6-10 m) B. Facies 2: trough cross-stratified (Tcs) sandstone. (Oyster River Section, 431–435 m) 
C. Facies 3: bioturbated trough cross-stratified sandstone (Tcs), with conspicuous Ophiomorpha 
(Op) and organic detritus. (Dove Creek D2-A core, 455–457 m)  
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Figure 2.2 Photographs of facies 4–7 with common sedimentological and ichnological features 
illustrated. A. Facies 4: bioturbated heterolithics with depositional dip (lower lock unit); 
highlighting wavy laminations (WLAM) and current ripples (CR) (Browns River Section, 25–30 
m). B. Facies 5: Intensely burrowed sandstone with Ophiomorpha (Op) (Oyster River Section, 
135 m). C. Facies 6: Tough cross-stratified sandstone with Macaronichnus segregatis (Ma) 
(Browns River Section, 240–245 m). D. Facies 7: Swaley cross-stratified (SCS) sandstone; with 
Ophiomoprha (Op) (Oyster River Section, 515–520 m). 
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Figure 2.3 Photographs of facies 8-11 with common sedimentological and ichnological features 
illustrated. A. Facies 8: low-angle, parallel laminated sandstone (PLAM), with Ophiomorpha 
(Op), Rosellia (Ro), Cylindrichnus (Cy), Paleophycus (Pa), and Phycosiphon (Ph) (Oyster River 
Section, 545–550 m). B. Facies 9: Pebbly mudstone (Browns River Section 0–2 m). C. Facies 
10: weakly bioturbated sandy mudstone (Browns River Section, 485–488 m). D. Facies 11: 
mudstone with minor siltstone laminae (Oyster River Section, 110–115 m). 
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Figure 2.4 Photographs of facies 12-14 with common sedimentological and ichnological 
features illustrated. A. Facies 12a: intensely bioturbated fossiliferous mudstone, containing shell 
fragments, Thalassinoides (Th), Ophiomorpha (Op), and Planolites (Pl) (Browns River Section, 
510–515 m). B. Facies 12b: planar laminated mudstone, with sandstone injectite containing 
mudstone rip-up clasts (Trent River Section, 345–350 m). C. Facies 13a: rarely bioturbated, 
organic rich, laminated mudstone, with Planolites (Pl) and Thalassinoides (Th) (Browns River 
Section, 180–185 m) D. Facies 13b: organic-rich, laminated sandy mudstone, with centimeter 
scale sandstone interbeds (note: plan view) (Browns River Section, 129–135 m). E. Facies 14a: 
weakly-laminated coal, with Glossifungites ichnofacies characterized by Thalassinoides (Th) 
(Browns River Section, 265–267 m). F. Facies 14b: cleated coal (Oyster River Section, 208-209 
m) 
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2.3 Facies Associations and Depositional Systems 

Based on the sum of sedimentological and ichnological characteristics, a depositional 

environment or sub environment is proposed for each facies (Table 2.1). Facies are then 

grouped into seven facies associations, and FAs are grouped into four depositional systems 

(DS), including braided fluvial (DS1), coastal plain (DS2), paralic & shallow marine (DS3), and 

marine (DS4; Table 2.2). 

Depositional 
System 

Facies 
Association 

Facies 
Depositional 
Environment 

DS1 – Braided 
Fluvial 

1 1, 2, 9, 14a  
Braided River Channel 
Belt 

DS2 – Coastal 
Plain 

2 2, 3 Fluvio-tidal channels 

3 
13a, 13b, 
14a, 14b 

Flood plain & swamp 

DS3 – Paralic 
& Shallow-

Marine 

4 
5, 6, 13a, 

14a 
Tidal Flat 

5 5, 7, 10, 11 Delta 

6 
6, 7, 8, 12b, 

12a 
Beach-Shoreface & 
Storm-dominated shelf 

DS 4 –Marine 7 12a, 12b  
Shelf (below storm-
wave base) & 
deepwater 

 

Table 2.2 Depositional systems with facies associations, constituent sedimentary facies and 
depositional environment/architecture. 

2.1.1. Depositional System 1 (DS1): Braided Fluvial 

Depositional System 1 includes only one facies association, braided fluvial (FA1) 

deposits. Facies association 1 comprises clast-supported pebble-boulder conglomerate (F1), 

pebbly mudstone (F9), laminated coal (F14a) and trough cross-stratified sandstone (F2; Tables 

2.1 and 2.2). Facies 1 and 2 dominate DS1, and the interbedding of F1 and F2 reflects the rapid 

shifting and filling of braided-river channels. Facies 9 and F14a are rare to minor components of 

DS1. During progradation, the constituent facies of DS1 (FA1) are typically expressed vertically 

(from bottom to top) as: F14a (when present), F9, F2 and F1 (e.g., Oyster River Section 20–30 

m, Fig. 2.8). During retrogradation, facies are stacked vertically (from bottom to top) as: F1, F2, 

F9 and F14a (e.g., Oyster River Section 67–73 m, Fig. 2.8). Depositional System 1 (FA1) is best 
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expressed at the base of Oyster River section and is poorly expressed, if present at all, in the 

other river sections or in cores. 

2.1.2. Depositional System 2 (DS2): Coastal Plain 

Depositional System 2 comprises FA2 and FA3. Facies Association 2 is interpreted as 

fluvio-tidal channels and includes trough cross-stratified sandstone (F2) and bioturbated trough 

cross-stratified sandstone (F3; Tables 2.1 and 2.2). Facies Association 3 comprises flood plain 

and swamp deposits, and includes bioturbated, organic rich, laminated mudstone (F13a), 

organic rich, laminated sandy mudstone (F13b), laminated coal (F14a), and cleated coal (F14b). 

During progradation, DS2 deposits commonly stack vertically as F13a/b overlain by F14b and 

then F2. During transgressive phases of deposition, DS2 is identified by the vertical stacking of 

F3 (at the base), F15 and F14a/b (at the top). It is also common to observe F2 sharply overlying 

/ scoured into F13a/b and F14a/b. Depositional System 2 deposits occur in all described 

sections and cores in the north of the Comox Sub-Basin and comprises the bulk of the terrestrial 

deposits in the lower Nanaimo Group (e.g., Oyster River Section 176–280 m, Fig. 2.8). 

2.1.3. Depositional System 3 (DS3): Paralic & Shallow Marine 

Depositional system 3 comprises tidal flat (FA4), delta (FA5), and beach-shoreface / 

storm-dominated shelf (FA6) deposits (Table 2.2). The three facies associations transition into 

each other laterally, although FA5 has limited expression in the Comox Sub-Basin. Depositional 

System 3 occurs in Phase 3, is common in the SE of the Comox Sub-Basin during deposition of 

Phase 4 and is prevalent throughout the Comox Sub-Basin during Phases 6 and 7 (Fig. 3.1). 

Facies association 4 is interpreted as tidal flats, and includes laminated coal (F14a), 

intensely bioturbated sandstone with Ophiomorpha (F5), trough cross-stratified sandstone with 

Macaronichnus (F6), and bioturbated, organic rich, laminated mudstone (F13a; Table 2.1). 

Facies 5 is the dominant facies in FA4, followed by F6, and then F13a / F14a. Facies 

association 4 is preserved as progradational deposits in the study area, and comprises (from 

top to bottom) F6, F5, and F13a, and uncommonly capped by F14a.  

Facies association 5 (FA5) is interpreted as delta deposits and includes intensely 

bioturbated sandstone with Ophiomorpha (F5), swaley cross-stratified sandstone (F7), weakly 
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bioturbated sandy mudstone (F10), and mudstone with minor siltstone laminae (F11). During 

progradation, FA5 manifests (from bottom to top) as F11, F10, F7 and capped by F5.  

Facies association 6 (FA6) is interpreted as beach-shoreface and storm- and wave-

dominated shelf deposits, and includes intensely bioturbated, fossiliferous mudstone (F12a), 

planar laminated mudstone (F12b), trough cross-stratified sandstone with Macaronichnus (F6), 

swaley cross-stratified sandstone (F7), and low-angle, parallel-laminated sandstone (F8). 

Facies 6–8 dominate FA6, and F12a/b are only included in DS3 when thin and in association 

with F6–8. During progradation, FA6 manifests (from bottom to top) as F12a/b, F8, F7, and F6, 

and progradational expressions of FA6 are observed in all measured sections, but especially in 

the Oyster River section (540–545 m, Fig. 2.8) and Dove Creek D2-A core (383–372 m, Fig. 

2.10).  Deepening upwards successions (retrogradational; Jones et al., 2018) of FA6 are also 

recorded, and these successions are expressed vertically (from bottom to top) by F6, F7, and 

F8, capped by a scoured contact starting the cycle over again (e.g., D2-A 321–311 m, Fig. 

2.10). 

2.1.4. Depositional System 4 (DS4): Marine 

Depositional System 4 comprises only FA7, and the separation between DS3 and DS4 

is placed at the interpreted position of effective storm-wave base. Facies Association 7 is 

interpreted as mudstones deposited in shelf and (non-turbidite) deepwater environments, and 

includes intensely bioturbated, fossiliferous mudstone (F12a), and planar laminated mudstone 

(F12b). Depositional System 4 is commonly expressed (from bottom to top) as interfingered 

F12a/b. Marine trace fossil assemblages define DS 4 mudstones and separate this depositional 

system from DS 2 mudstones, which are dominated by simple vertical and horizontal trace 

fossils typically interpreted as reflecting brackish-water (Pemberton and Wightman, 1992; 

Gingras et al., 2012a; Gingras et al., 2012b). Depositional System 4 (FA7) is well expressed in 

all measured sections except the Dove Creek core.  

2.2. Lithologs of Key Measured Sections 

The measured sections described in this thesis include the Quinsam Coal Mine, Oyster, 

Browns and Trent River sections, as well as the Dove Creek D2-A core. The Oyster River 

section was logged in August 2016, as well as June to July 2017, while the other sections were 

logged during the 2017 field season (May to August). The legend for interpreting these logs 
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highlights the various body and trace fossils, lithologies, lithologic accessories and sedimentary 

structures observed in the field (Fig. 2.5). Detailed lithologs are available in Appendix A. 
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Figure 2.5 Litholog legend with sedimentary structures, trace fossils, bioturbation intensity, 
lithologic accessories, lithologies, facies associations and depositional styles. 
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2.2.1. Quinsam Coal Mine General Stratigraphy 

Stratigraphy for the Quinsam Coal Mine is derived from a generalized, composite model 

made available to the author by Dunsmuir Geoscience (Cathyl-Bickford, 2007). This 130 m 

section highlights the bulk lithology changes between siltstone, sandstone, and conglomerate, 

as well as the relative positioning of minable coal seams in the Quinsam Coal Mine. Mineable 

coal seams are, from base to top, the No. 1 zone, No. 2 Seam, No. 3 Zone, No. 4 Zone, No. 4B 

Zone, and No. 5 Zone (Fig. 2.6; Cathyl-Bickford, 2007). Detailed work on the Quinsam 

stratigraphy has not been undertaken in this project, though some stratigraphic logging was 

undertaken in the 2016 field season. 

Nanaimo Group stratigraphy at the Quinsam Coal Mine overlies Quinsam batholith 

dioritic rock; this basal contact is a nonconformity (Fig. 2.7; Cathyl-Bickford, 2007). The 

crystalline basement rock is overlain by crudely stratified conglomerates interpreted to represent 

braided river deposits and described as the Benson Member of the Comox Formation (DS1; Fig. 

2.7). Braided river deposits are overlain by terrestrial mudstone deposits of the Cumberland 

Member of the Comox Formation (DS2; Fig. 2.7). The terrestrial mudstones contain the 

economic coal deposits in the Comox Valley area, including the two main coal seams at 

Quinsam Coal Mine: No. 1 and No. 2 coal seams (Cathyl-Bickford, 2007). Strata above the 

terrestrial mudstone interval are interpreted as fluvially deposited sandstones (DS2; Fig. 2.7) 

overlain by Pleistocene till. 
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Figure 2.6 Quinsam Coal Mine generalized stratigraphy, highlighting economic coal seams, 

facies associations and depositional systems (modified from Gardner, 2001)  
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Figure 2.7. Table of formations identified at the Quinsam Coal Mine locality, west of Campbell 
River, British Columbia, Canada (Cathyl-Bickford, 2007). 
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2.2.2. Oyster River Section 

The Oyster River section represents the most complete record of lower Nanaimo Group 

strata in the study area. The composite section is over 1,200 m in length, while the total section 

logged is 630 m; lengthy covered sections are present along the river. Covered sections are 

interpreted herein as mudstone or shale intervals eroded by glacial action. A total of 13 sections 

were logged along the Oyster River and combined to form the composite log presented here. 

The base of the Oyster River section is located at 49.86496° north and 125.31871° west. The 

top of the measured succession is located at 49.89521° north and 125.22430° west. 

The Oyster River section contains every facies association interpreted for this study. The 

base of the Oyster River section (0–65 m, Fig. 2.8) comprises braided fluvial (DS1) overlain by 

coastal plain deposits (DS2). A scoured contact caps DS2 deposits at 65 m, which is, in turn, 

overlain by an interval (65–101 m) of braided fluvial (DS1) and coastal plain deposits (DS2; Fig. 

2.8). A stratigraphic surface at 101 m separates coastal plain deposits (DS2) from overlying 

heterolithic prodelta mudstones (FA5, DS 4) interbedded with paralic & shallow-marine 

sandstones (DS3) which extend from 101–143 m (Fig. 2.8) and are capped by a covered 

interval (143–176 m, Fig. 2.8). The nature of the stratigraphic break in this location is unclear as 

it is covered. A thick, regionally extensive coastal plain succession (DS2) with coal seams (FA3, 

DS2) that correlate across all described sections overlies the covered section (176–280 m, Fig. 

2.8). From 280–500 m, lengthy covered sections punctuated by fluvio-tidal (FA2, DS2) with 

minor floodplain deposits (FA3, DS2). 

Thick, continuous shallow-marine deposits (DS3) with minor interbeds of marine 

mudstones (DS4) are the dominant strata from 501–599 m (Fig. 2.8). A lengthy covered interval 

from 599–896 m is interpreted as mudstone (DS4) that has been eroded by glacial action. The 

next outcrop section (896–994 m, Fig. 2.8) is interpreted as paralic and shallow-marine deposits 

(DS3), with hummocky and swaley cross-stratified sandstones (FA6, DS3) containing fully 

marine ichnogenera and shell fragments dominating the outcrop section. The final outcrop 

studied on the Oyster River (1180–1245 m, Fig. 2.7) comprises dominantly marine (DS4) with 

minor interbedded storm-dominated shelf deposits (FA6, DS3). 
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Figure 2.8 Oyster River composite section, with sedimentary structures, lithologic accessories, 
bioturbation intensity and trace fossils plotted. Note, lightning bolts correspond with shortened 
covered sections. Facies Associations (FAs) and Depositional Systems (DS) are plotted to the 
right of each litholog. 
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2.2.3. Browns River Section 

The Browns River section (Figs. 1.4 and 2.9) contains the least amount of covered 

interval relative to overall measured length of the outcrop sections described for this project. 

The base of the Browns River section is located at 49.69035° north and 125.12851° west, and 

the top of the measured section is located at 49.68916° north and 125.05077° west. A total of 

eight sections were combined to form the composite section presented here. 

The first 148 m of outcrop on the Browns River consist of coastal plain deposits (DS2), 

made up of fluvio-tidal (FA2, DS2) and flood plain strata (FA3, DS2) deposited on the basal 

nonconformity. Coal seams in this lower coastal plain interval (FA3, DS2) are correlated to both 

the Oyster River Section (Fig 2.8) and Dove Creek D2-A Core (Fig. 2.10). From 148–270 m 

strata in the Browns River outcrop section display complex stacking patterns alternating 

between coastal plain (DS2) and shallow-marine and paralic (DS3) sediments. Shallow-marine 

deposits in this interval are primarily beach-shoreface successions (FA6, DS3) with minor tidal 

flat deposits (FA4, DS3). Coastal plain deposits (DS2) in this interval are primarily fluvio-tidal 

channels (FA2, DS2) with minor flood plain and swamp (FA3, DS2) deposits. 

The upper strata (>270m, Fig. 2.9) in the Browns River section is dominated by marine 

mudstones (DS4) with thin sandstone interbeds, representing deposition in storm-dominated 

shelf conditions with minor shoreface deposits (FA6, DS3). A stratigraphic surface caps the 

shallow marine deposits (DS3) at 350–353 m. Thin sandstone interbeds are observed above 

353 m, though they cannot be correlated to the south-east, and are taken to represent storm-

dominated shelf deposition (FA6, DS3) outboard of a paleo-topographic high (Fig. 1.4). 
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Figure 2.9 Browns River composite litholog, with sedimentary structures, lithologic accessories, 
bioturbation intensity and trace fossils plotted. Note, lightning bolts correspond with shortened 
covered sections. Facies Associations (FAs) and Depositional Systems (DS) are plotted to the 
right of each litholog. 
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2.2.4. Dove Creek D2-A Core 

The Dove Creek D2-A core was logged over the summer of 2017 by Chuqiao Huang 

and the author. This core was acquired in July 2001, and was logged by Gwyneth Cathyl-

Bickford for Priority Ventures Ltd. The Dove Creek coal property is located north of the town of 

Courtenay at 49.70579° north and 125.02383° west (Cathyl-Bickford, 2001a), and the cored 

interval represents the highest resolution and best preserved section of the lower Nanaimo 

Group in the Comox Sub-Basin available for study. 

The lowest 100 m (Fig. 2.10, 510–414 m depth) of D2-A core consist of stacked fluvio-

tidal (FA2, DS2) and flood-plain deposits (FA3, DS2) representing deposition in a coastal plain 

environment (DS2). This lowest interval hosts the coal seams (FA3, DS2) that were the target of 

Priority Ventures Ltd. drilling program. The next 200 m (Fig. 2.10, 414–212 m depth) of core is 

dominated by stacked beach-shoreface successions (FA6, DS3). These beach-shoreface 

successions display multiple deepening upwards cycles (e.g. Fig. 2.10, 323–316 m; Jones et 

al., 2018). Above 212 m depth there is an increase in storm-dominated shelf (FA6, DS3) and 

marine deposits (DS4). 
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Figure 2.10 –Dove Creek D2-A core with common sedimentary structures, trace fossils, and 
lithologic accessories illustrated. Facies Associations (FAs) and Depositional Systems (DS) are 
plotted to the right of each litholog. 
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2.2.5. Trent River Section 

Outcrops along the Trent River, south of Cumberland, British Columbia, were 

extensively analyzed for the 2017 field season (Fig 2.11). The base of section is located at 

49.57817° north and 125.02532° west. The top of measured section is located at 49.59377° 

north and 124.98992° west though there are continuous mudstones outcropping past this point. 

A total of six measured sections were combined to form this composite log. There is a lengthy 

covered section at the base of the Trent River outcrop, interpreted as glacial erosion. Basement 

rock exposures along the Trent River are interpreted as epiclastic volcanics.  

The first continuous outcrop in the Trent River section (0–125 m, Fig. 2.11) consists of 

coastal plain deposits (DS2) made up of stacked fluvio-tidal (FA2, DS2) and flood plain deposits 

(FA3, DS2). Covered sections above and below separate a beach-shoreface shallow-marine 

deposit (FA6, DS3) at 135–150 m from the overlying continuous section (183 m, Fig. 2.11). 

Coastal plain deposits (DS2) composed of fluvio-tidal channels (FA2, DS2) and minor flood 

plain deposits (FA3, DS2) with minor shallow-marine beach-shoreface deposits (FA6, DS3) 

dominate the next continuous section until 280 m. From 280–338 m shallow-marine deposits 

(DS3) consisting of beach-shoreface deposits (FA6, DS3) with minor tidal flat deposits (FA4, 

DS3) dominate. The contact at 338 m represents a stratigraphic surface, and a transition to 

persistent marine deposition (DS4).  
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Figure 2.11 Trent River composite section with sedimentary structures, trace fossils and 
lithologic accessories illustrated as well as facies associations. Facies Associations (FAs) and 
Depositional Systems (DS) are plotted to the right of each litholog. 
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Chapter 3. Sequence Stratigraphic Reconstruction and 
Depositional Phases of the Lower Nanaimo Group, 
Comox Sub-Basin 

3.1. Introduction 

The lower Nanaimo Group records eight phases of deposition during overall 

transgression (Fig. 3.1). The stratigraphic breaks used to package strata record either landward 

or seaward shifts in facies across bounding surfaces. Phases described herein are defined as 

either occurring during net transgression or net regression and are bracketed by corresponding 

regressive surfaces and flooding surfaces. Regressive surfaces are recognized, within strata, as 

a reversal from deepening-upwards to overall shallowing-upwards. This reversal is recorded in 

sandstone-dominated strata sedimentologically and ichnologically, as a shift in grain size trends 

from fining-upwards to coarsening-upwards, and a decrease in bioturbation intensity. Flooding 

surfaces are defined by a vertical juxtaposition of distal over proximal facies (i.e. DS3 overlying 

DS2). The framework presented herein is thus a modified transgressive-regressive sequence 

stratigraphic one, modified from Embry (2002). Three phases (P1–P3) are observed only in the 

Oyster River Section, and regional deposition of lower Nanaimo Group strata begins in Phase 4. 

Most lower Nanaimo Group strata in the Comox Sub-Basin belong to phases 4–8 (Fig. 3.1). 

Unconformities and flooding surfaces bracket the lower phases (P1–P3) of deposition, and the 

more regionally extensive phases of deposition (P4–P8) are bracketed by regressive surfaces 

and flooding surfaces. 

Correlations across the Comox Sub-Basin employ a composite datum in the form of 

stacked, regionally extensive coal seams (D1-6, Fig. 3.1). Datum 1 corresponds to the No. 1 

zone (Fig. 2.6) and extends from the Quinsam Coal Mine southeast to the Oyster River section 

but no further (Fig. 3.1). Datum 2 corresponds to the No. 2 seam (Fig. 2.6) and extends from the 

Quinsam Coal Mine southeast to the Oyster River section. Datum 3 corresponds to the No. 4 

Seam (Fig. 2.6) and extends from Quinsam Coal Mine, to the Oyster River section, through to 

the Browns River section, and into the Dove Creek D2-A core, but not further. As this coal seam 

correlates to four of the five sections in this study, it serves as the primary datum. There are 

three additional coal seams that map from the Browns River section to the Dove Creek Core 

(D4-6, Fig. 3.1). The highest two coal seams (D5-6, Fig. 3.1) correlate to the Trent River section. 
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Figure 3.1  Cross section of the lower Nanaimo Group strata analyzed for this project, with depositional styles, depositional phases 
and overall transgressive or regressive trends illustrated as well as detrital zircon sample locations. See Table 3.1 for detailed detrital 
zircon information.
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3.2. Detrital Zircon Maximum Depositional Ages 

Twelve DZ samples were collected in the Comox Sub-Basin and analyzed for 

maximum depositional ages by Chuqiao Huang (MDAs, Table 3.1; Huang et al. in 

review). The oldest samples in the Oyster River and Quinsam Coal Mine sections 

returned Aptian to Cenomanian MDAs (DZ 1–2 & 7–8, Table 3.1), and these samples 

were acquired from braided river (FA1, DS1: DZ 7–8) and fluvio-tidal channel deposits 

(FA2, DS2: DZ 1–2). No Turonian MDAs are recorded. Two samples returned Coniacian 

MDAs, both from the Oyster River section (DZ 5–6, Table 3.1), and both from fluvio-tidal 

channel deposits (FA2, DS2). Santonian MDAs were recorded in two samples from the 

Dove Creek core (DZ 10–11, Table 3.1), and both samples were taken from storm-

dominated shelf deposits (FA6, DS 3: DZ 10–11). The four remaining DZ samples 

returned Campanian MDAs, and were sampled in the Oyster River, Browns River, and 

Trent River sections (DZ 4, 9 and 13–14, Table 3.1). With the exception of the DZ 14 

from the Trent River, all samples with Campanian MDAs were derived from shallow-

marine and storm-dominated shelf deposits, specifically beach-shoreface & storm-

dominated shelf (FA6, DS3: DZ 4, 9 & 13-14). Sample DZ 14 from the Trent River was 

acquired from a fluvio-tidal channel (FA2, DS2). 

MDAs are calculated using the “Weighted Average” function in Isoplot 4.0 

(Ludwig, 2012). Taking the weighted average of the three youngest grains overlapping at 

2σ uncertainty (Y3G @ 2σ, Table 3.1) is a compromise between using the youngest 

single grain versus using the youngest three or more grain cluster overlapping at 2σ 

uncertainty. Youngest single grain analyses generate MDAs closest to true depositional 

age, but cannot be reproduced, and are subject to lead loss effects (Dickinson and 

Gehrels, 2009). Using the youngest three or more grain clusters overlapping at 2σ 

uncertainty is the most statistically reliable method, and avoids the reproductions issue 

single grain analyses have, but yields overly conservative age dates (Dickinson and 

Gehrels, 2009).  
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D

Z 
# DZ 

Sample 
Name 

Section / Core 
Outcrop 
Height  

(m) 

Depth 
in 

Core 
(m) 

D
ep

. 
P

h
a

se
 

MDA Y3G 
@ 2σ (Ma) 

Number of  
Zircons 

Analyzed 

Sample Location 

Lat Long 

1 QU 1 Quinsam Coal   47 4 106.4 ± 2.6 297 49.94870° N 125.44857° W 
2 QU 2 Quinsam Coal   86 4 94.1 ± 1.7 252 49.94870° N 125.44857° W 

4 OR 5 Oyster River 535   6 82.4 ± 2.3 151 49.88371° N 125.27428° W 
5 OR 4 Oyster River 256   4 87.7 ± 2.9 274 49.87727° N 125.29556° W 
6 OR 3 Oyster River 89   2 86.4 ± 3.1 237 49.86651° N 125.31396° W 
7 OR 2 Oyster River 40   1 116.0 ± 1.8 313 49.86442° N  125.31696° W 
8 OR 1 Oyster River 3   1 108.9 ± 3.7 224 49.86475° N 125.31867° W 

9 BR Browns River 341   6 82.8 ± 1.7 272 49.69353° N 125.07790° W 

10 DC 3 Dove Creek D2-A   217 6 83.8 ± 1.5 261 49.70755° N 125.02523° W 
11 DC 2 Dove Creek D2-A   310 5 85.4 ± 2.1 288 49.70755° N 125.02523° W 

13 TR 2 Trent River 338   6 81.0 ± 2.6 297 49.59012° N 124.99457° W 
14 TR 1 Trent River 68   4 83.5 ± 2.3 194 49.57842° N 125.02495° W 

Table 3.1 Detrital zircon data with maximum depositional ages determined from the youngest three grains with a two-sigma overlap. 
Sample locations are given in latitude and longitude. The position of samples in outcrop sections (heights increase from base of 
section upwards) and in cores (depths are given tfrom the surface downward) are also provided.
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3.3. Depositional Phases 

Phase 1 (P1) comprises braided fluvial (DS1) overlain by coastal plain deposits 

(DS2; Fig. 3.1).  Braided fluvial deposits are mainly conglomerates (F1) with secondary 

sandstone beds (F2). The terrestrial mudstones (F13b) at the top of P1 contain a single, 

thin coal bed (F14a) and the upper part of this mudstone exhibits a nodular character. 

The top of F13b mudstones is interpreted as a prolonged subaerial exposure surface. 

These nodular mudstones contain abundant wood fossils, rhizoliths, and potential 

pedogenic slickensides, indicating paleosol generation and subaerial exposure (cf. Lane 

et al., 1999; Holz et al., 2017). Maximum depositional ages derived from DS1 strata 

below the mudstone return late Aptian (DZ 7) and mid-Albian (DZ 8) ages that are 

distinctive from the Coniacian age derived from strata above the mudstone (DZ 6, Table 

3.1; Fig. 3.1). The MDAs and nature of the capping mudstone interval suggest that P1 is 

disconformable with overlying Nanaimo Group strata, and that P1 may have been 

deposited as early as the Albian, more than 20 Ma earlier than previously reported for 

Nanaimo Group strata. Of note, however, a DZ from a core at Quinsam Coal Mine (DZ 

1, Table 3.1) also returned an Albian MDA but correlates stratigraphically to Phase 4 

strata; consequently, the time period defined by the disconformity at the end of P1 may 

have been significantly shorter than 20 Ma. 

Phase 2 (P2) deposits directly overlie the disconformity at the top of P1 and 

comprise braided fluvial (DS1) overlain by coastal plain deposits (DS2; Fig. 3.1). There 

is a single coal bed (F14a) at the top of P2 that directly overlies an estuarine channel fill 

(F3). The estuarine sandstones capping P2 were sampled for DZ and reveal a Coniacian 

MDA (DZ 6, Table 3.1). These is no evidence of subaerial exposure at the top of P2, and 

the strata above this interval show a seaward shift in facies. Consequently, P2 is 

considered be to conformable with overlying deposits of P3, and the top of P2 is 

interpreted as a marine flooding surface that shifted depositional systems to the 

northwest. 

Phase 3 (P3) strata are markedly different than P1 and P2 strata and record a 

shift from coastal plain deposition in P2 to paralic and shallow-marine (DS3) deposits in 

P3. Phase 3 strata comprise swaley cross-stratified wave-dominated proximal delta front 

sandstones (F7) and highly bioturbated tidal flat sandstones (F5), and these deposits 



42 

typically overlie distal delta front mudstones (F10) and prodelta heterolithic mudstones 

(F11). Phase 3 stratigraphy records net transgression with multiple regressive cycles 

recording backstepping of the shoreline. As well, seismites manifested as rapid shifts 

vertically in facies and small sand dykes in shallow-marine strata occur in P3. Evidence 

for net transgression includes the increasing thickness upwards of marine mudstones 

(F12b) overlying meter-scale sandstone beds (F5 and 7). A potential disconformity caps 

P3 with a major shift upwards from backstepping paralic and shallow-marine strata in P3 

to coastal plain strata in P4 (Fig. 3.1). However, the position and timing of the 

stratigraphic break at the top of P3 is uncertain, and hence the surface is shown simply 

as a possible regressive surface (dashed orange line).  

Phase 4 (P4) represents a period of aggradation along depositional strike (Fig. 

3.1) and is the first depositional phase observed in all described stratigraphic sections. 

Phase 4 comprises a regionally extensive coastal plain system (DS2) and is the main 

coal-bearing interval in the Comox Sub-Basin. This interval comprises fluvial channels 

(F2), estuarine channels (F3) flood plain mudstones (F13b) and raised peat mires and 

swamps (F13a and F14b). Evidence of marine influence increases from none in the 

northwest to common in the southeast, suggesting the main sediment source during this 

phase was from the north or northwest. Four DZ samples were taken from P4 (DZ 1–2, 5 

and 14), and two return MDAs in the Coniacian and Campanian (Table 3.1). The other 

two samples, taken from cores from the Quinsam Coal Mine returned Albian and 

Cenomanian MDAs (Table 3.1). Together the DZ MDAs are interpreted as reflecting the 

onset of P4 deposition in the Coniacian, and the end of P4 is placed in the Santonian 

based on stratigraphic correlations provided by Bickford and Kenyon (1988; Fig. 1.4). A 

Santonian age for the end of P4 deposition is within uncertainty for DZ 14. The top of P4 

is interpreted as a flooding surface marked by significant backstepping (to the northwest) 

of the shoreline (Fig. 3.1). 

Phase 5 is dominated by paralic and shallow-marine strata (DS3) in the 

southeast and coastal plain deposits (DS2) in the northwest (Fig. 3.1). Thin coals are 

common in the mudstone-dominated DS2 that cap tidal flat (FA4) and beach-shoreface 

associations (FA6) in the SE of P5 and comprise younger P5 strata in the NW. The 

source of coals in P5 are interpreted as back-barrier swamps and lagoons (F14a), 

largely because coal strata are thin and laterally discontinuous relative to the regionally 

extensive coals of P4. Southeast of the study area (SE of the Trent River section, Fig. 
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3.1), marine mudstones (DS4) are inferred as the dominant strata type. The interbedding 

of DS2 and DS3 deposits in P5 is interpreted as the result of complicated coast 

morphology along depositional strike (Fig. 3.1). A single DZ sample from P5 (DZ 11) 

returned a Santonian MDA. The end of P5 is marked by another flooding surface and 

NW transgression (backstepping) of the shoreline. 

Phase 6 is broadly transgressive, with paralic and shallow-marine strata (DS3) 

interbedded with marine mudstone deposits (DS4; Fig. 3.1), and uncommon coastal 

plain strata (DS2) interbedded with DS3 in the central Comox Sub-Basin. In the upper 

half of P6 in the NW, the strata are dominated by DS3 and contain no interbedded coals, 

while coals are present in interbedded DS2 successions in the central Comox Sub-

Basin. The paucity of coals in the NW is interpreted as recording the drowning of the N-

NW sediment source concurrent with intermittent subaerial exposure in the central 

Comox Sub-Basin. Between these two regions, we infer DS4 mudstones were deposited 

based on a paucity of sandstone strata; however, this could not be verified. Mudstone 

deposition in this location would represent transgression of the coastline, and a shoreline 

morphology that was similar to that during P5. Four DZ samples were analyzed in P6, 

and three returned Campanian MDAs (DZ 4, 9 and 13) and one a late Santonian MDA 

(DZ 10, Table 3.1). From the DZ data, we interpret P6 as being deposited in the 

Campanian and the break between P5 and P6 is close to the Santonian-Campanian 

boundary. The top of P6 is conformable with P7 and represents a regionally extensive 

flooding surface and continued backstepping of the shoreline to the NW. 

The final phase of lower Nanaimo Group deposition defined in this study is P7, 

which records the last evidence of paralic and shallow-marine (DS3) deposition in the 

Comox Sub-Basin and backstepping and drowning of the N-NW sediment source. In the 

NW of the Comox Sub-Basin (Oyster River section, Fig. 3.1), P7 comprises beach-

shoreface to storm-dominated shelf deposits (FA6, DS3), with strata containing fully 

marine ichnogenera and hummocky and swaley cross-stratified sandstones (F6 and 7) 

interbedded with multiple thick successions of marine mudstones (F12a/b). There are 

also several thick covered sections in P7 along the Oyster River and those are 

interpreted as marine mudstone deposits eroded during glaciation. In the center of the 

Comox Sub-Basin, Trent River section (Fig. 3.1), P7 comprises protected shelf / 

deepwater mudstones (FA7, DS4) crosscut by sandstone injectites (Fig. 3.1). No DZ 

samples were taken from P7, although the backstepping of the shoreline through P7 and 
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transition to deepwater deposition in P8 is considered to take place during the 

Campanian, and this is consistent with previous interpretations (Figs. 1.1 and 1.4; 

Bickford and Kenyon, 1988; England, 1989; Mustard, 1994). Phase 7 marks the final 

phase of preserved shallow-marine strata in the Comox Sub-Basin and the transition to 

deepwater depositional systems.  

Data and descriptions for P8 are limited as this part of the section was covered in 

all sections except a partial exposure in the Browns River section, hence the surface 

between P7 and P8 is placed at the top of the last DS3 sandstone exposure in the 

Oyster River section. P8 outcrops on the Browns River are dominated by marine 

mudstones (FA7, DS4) with fully marine trace, cast and body fossils preserved (Fig 3.2).  

Additional exposures along the Oyster River reveal sandstones occur higher in the 

section suggesting additional depositional phases, but these outcrops were only 

exposed along the Oyster River and could not be correlated laterally to adjacent river 

systems. 

 

Figure 3.2 Campanian aged Nostoceras hornbyense ammonite steinkern found in the 
Browns River section (500-505 m). 

 



45 

3.4. Discussion 

3.4.1. Comparison of the Lithostratigraphic and Sequence 
Stratigraphic Frameworks 

The depositional phases defined herein exhibit significant differences relative to 

the presently accepted lithostratigraphic framework. In the Georgia Basin, 

lithostratigraphic units are described as comprising strata from single depositional 

systems (e.g., Cumberland Member represented coastal-plain and swamps; Cathyl-

Bickford, 2001b) rather than considering genetic-relations of depositional systems in 

both space and time. The sequence stratigraphic scheme presented herein divides the 

lowermost Nanaimo Group strata using time-correlative surfaces (Fig. 3.1), and below 

we attempt to correlate and compare depositional phases to previously defined 

lithostratigraphic units. 

Depositional Phases 1 to 2 are time-equivalent to the Benson Member, which is 

interpreted as being mainly conglomeratic with deposits representing braided-fluvial 

systems (Muller and Jeletzky, 1970; Bickford and Kenyon, 1988). However, the 

stratigraphy of P1 and P2 is more complex than stacked braided-fluvial deposits, and 

there is at least one major disconformity within this package of strata. Previous studies 

have described the Benson Member as being Santonian to early Campanian in age 

(Muller and Jeletzky, 1970; Ward, 1978), but our results suggest P1 may be substantially 

older than other lower Nanaimo Group strata, including P2. The end of P2 deposition is 

a marine flooding surface, the lateral extent of which is unknown (Fig. 3.1). 

Phases 3 and 4 are time-equivalent to the Cumberland Member of the Comox 

Formation (Bickford and Kenyon, 1988), which has been interpreted previously as a 

succession of coastal-plain and swamp deposits (Cathyl-Bickford, 2001b). This 

interpretation is not refuted in the NW of the Comox Sub-Basin, although time-equivalent 

DS3 deposits occur in the central sub-basin during P4 deposition (Fig. 3.1). The onset of 

deposition of P3 is marked by a flooding surface, and the surface separating P3 and P4 

is interpreted as a regressive surface and may be a sequence boundary. The end of P4 

deposition is marked by another flooding surface; the first of many flooding surfaces that 

record the stepwise transgression of the Comox Sub-Basin to the NW. 
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Phases 5 and 6 are approximately equivalent to the Dunsmuir Member of the 

Comox Formation (Fig. 1.4; Cathyl-Bickford, 2001b) and to the Tsable Member of the 

Trent River Formation/Haslam Formation of Extension Formation (Fig. 1.1; Bickford and 

Kenyon, 1988; England, 1989) respectively, both of which are interpreted as comprising 

DS3 with minor DS4 strata. Phase 5 comprises fluvio-tidal channels (FA2) and flood-

plain deposits (FA3, DS2) in the northwest of the Comox Sub-Basin and mainly paralic 

and shallow-marine (DS3) strata to the southeast (Fig. 3.1). Phase 6 contains rare DS2 

strata interbedded with DS3 in the central Comox Sub-Basin only. It is during P6 that the 

first deepwater mudstones are observed (lower P6, Browns River Section, Fig. 3.1), 

although they are hypothesized to occur to the SE of DS3 deposits during deposition of 

P5. Mudstones of DS4 are equivalent to the Haslam/Trent River Formation.  

The architecture of deposits in P5 and P6 suggest subduction / tectonism was 

driving subsidence in the north-northwest as well as contemporaneous uplift in the 

central Comox Sub-Basin. This explains the occurrence of shallow-marine / storm-

dominated shelf coarse-clastics both at the NW end of the Comox Sub-Basin (near the 

N-NW sediment source) and in the central part of the basin, which was uplifted. 

Exposure of the volcanic basement rock 100 m up the Browns River section (Fig. 3.1) 

with attendant deformation of coal seams that drape the nonconformity is evidence of 

this uplift. The end of P6 deposition is marked by a second major marine flooding 

surface and major backstepping of the shoreline to the northwest.  

Depositional Phase 7 comprises only marine strata including storm-dominated 

shelf sandstones (FA6, DS3) and deepwater (marine) mudstones (FA7, DS4). The 

sandstone units have been interpreted previously as belonging to either the Extension 

Formation (Mustard, 1994), or alternatively the Tsable River Member of the Trent River 

Formation (England, 1989). The mudstone units have been assigned to the Haslam 4or 

Trent River Formation (Fig. 1.4; Kenyon and Bickford, 1988; England, 1989). Extension 

Formation strata in the Comox Sub-Basin are previously mapped as thin, mostly 

continuous deposits (Fig. 1.4; Bickford and Kenyon, 1988). However, DS3 and DS4 

strata in P7 are time correlative and record the continued drowning of the Comox Sub-

Basin. Phase 7 marks the final phase of coarse-grained shallow-marine to marine 

deposition during the initiation and early evolution of the Comox Sub-Basin, and the end 

of P7 deposition is marked by drowning of the basin and a transition to deposition of 

protected shelf / deepwater mudstones (FA7, DS4). 
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3.4.2. Paleoenvironmental Reconstruction and Evolution of the 
Comox Sub-Basin 

Depositional phases of the lowermost Nanaimo Group record initiation and early 

evolution of the Comox Sub-Basin as an underfilled, ridged forearc basin. The ridge 

(trench-slope break) was initially exposed (P1 to P5), and with ongoing subsidence, 

evolved into a shoalwater ridged forearc basin (P6 and P7; Takano et al., 2013; Takano, 

2017; Takano and Tsuji, 2017). Sediments comprising the lower Nanaimo Group in the 

Comox Sub-Basin are dominantly immature feldspathic litharenites to lithic arkose 

sandstones (Zhai and Grasby, 2002), and these sediments were supplied from 1) 

emergent volcanic arcs on the western margin of North America, 2) the emergent trench-

slope break in the west, and 3) from a sediment source in the northwest or north (Fig. 

3.1). 

Figures 3.3, 3.4 and 3.5 are a series of schematic paleogeographic 

reconstructions of the lower Nanaimo Group, Comox Sub-Basin during P4, P5 and P7, 

respectively. Reconstructions for P1 to P3 were not attempted as these strata were only 

observed in one locale, and hence their lateral extent is unknown. These 

paleogeographic reconstructions utilize a block diagram template of the Georgia Basin 

produced by Mustard (1994), and each figure depicts a possible arrangement of 

paleoenvironments defined in the lower Nanaimo Group in the Comox Sub-Basin.  

Figure 3.3 is a paleogeographic reconstruction of the Comox Sub-Basin during 

Phase 4, which corresponds approximately to Coniacian to early Santonian time (90–83 

Ma). During deposition of P4, the trench slope break was highly emergent, sheltering 

terrestrial environments from the open ocean. Phase 4 deposition is interpreted as a 

widespread coastal plain (DS2) along the line of section, dominated by peat mires, flood 

plains and swamps crosscut by fluvial channels. Towards the southeast (Browns River 

Section and southeast, Fig. 3.1), estuarine channels were more prevalent suggesting 

closer proximity to the paleo shoreline. Phase 4 records the slow onset of widespread 

forearc basin formation and transgression, with extensive swamps developed on the 

coastal plain (Fig. 3.3) resulting in the formation of thick coals. Phase 4 records the 

period of deposition during which all economic coal seams accumulated in the Comox 

Sub-Basin. 
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Figure 3.3 Schematic paleogeographic reconstruction of the Comox Sub-Basin during Coniacian 
to early Santonian time (Depositional Phase 4; 90 – 83 Ma). Note the dominance of swamp and 
flood plain deposits (DS2) as well as the northwest-north sediment source. Line of section roughly 
corresponds to that used in Figure 3.1. 3D block diagram template derived from Mustard (1994). 

Figure 3.4 is a paleogeographic reconstruction of the Comox Sub-Basin during 

P5, which corresponds approximately to late Santonian time (83–81 Ma). As relative 

sea-level rose from P4 to P5, shorelines shifted to the northwest and depositional 

environments across the sub-basin exhibit more marine influence. Uplifted sediment 

sources and highlands remain at the northwest end of the basin and the center of the 

Comox Sub-Basin (near present day Trent River). In general, the coastline during P5 is 

interpreted as comprising embayments dominated by estuaries, back barrier lagoons 

and swamps (DS2), and shorelines comprising strand-plain-shorefaces and tidal flats 

(DS3; Fig. 3.4). 
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Figure 3.4 Schematic paleogeographic reconstruction of the Comox Sub-Basin during late 
Santonian time (Depositional Phase 5-6; 83 – 81 Ma). Note the dominance of strandplain 
shoreface deposits (DS3) and tidal flats (FA4) with minor back barrier swamps, as well as the 
northwest-north sediment source. Line of section roughly corresponds to that used in Figure 3.1. 

Finally, Figure 3.5 is a schematic paleogeographic reconstruction of the Comox 

Sub-Basin during P7, which corresponds to approximately early Campanian time (81–80 

Ma). Relative sea level rose from P6 to P7, drowning marginal marine environments and 

flooding overland from the southeast. Sediment sources and highlands at the NW and 

center of the Comox Sub-Basin were submerged. A prominent shoalwater ridge formed 

from the previously emergent trench slope break, and the ridge remained above storm 

wave base, preserving storm swept shelf deposits (DS3) in the northwest (Fig. 3.5). 

From the center (Browns River) to the southeast extent of the Comox Sub-Basin, 

deepwater (marine) mudstones were deposited (DS4) suggesting this area was below 

storm-wave base. 
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Figure 3.5 Schematic paleogeographic reconstruction of the Comox Sub-Basin during 
Campanian time (Depositional Phase 7; 81-80 Ma). Note the shoalwater ridge with storm swept 
shelf deposits (DS3) in the north section of the study area and deepwater conditions (DS4) 
throughout the basin. Line of section roughly corresponds to that used in Figure 3.1. 

 These paleogeographic reconstructions assume that there was no major 

northward translation of Wrangellia Terrane during formation of the Comox Sub-Basin. In 

this way, the Coast Belt acts as the major sediment source and supply to the sub-basin, 

making this model consistent with previous interpretations (Mustard, 1994; Monger and 

Price, 2002). However, were the ‘Baja BC’ hypothesis correct, the Coast Belt might have 

had negligible influence on the basin until it had translated northward and accreted to the 

western margin of the Canadian Cordillera. In that scenario, the main sediment supply 

would have come from the emergent trench slope break and would be recycling older 

rocks. This would have the effect of generating older MDAs consistent with the age of 

Wrangellia Terrane, as well as changing basin morphology significantly. Without the 

Coast Belt acting as a source and baffle, extensive deep marine deposits would exist 

contemporaneously with the continental and paralic deposits described here.  
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Chapter 4. Conclusion 

The main objective of this project was to provide a sequence stratigraphic 

framework for the oldest strata of the Nanaimo Group, focusing on the Comox Sub-

Basin (Fig. 1.3; Comox to Campbell River, Vancouver Island, B.C.). Key measured 

sections were analyzed and correlated across the sub-basin to assess the utility and 

predictive capacity of the discontinuity bounded framework proposed herein for the 

Comox and Haslam/Trent River Formations (Fig. 1.1). Outcrops along the Oyster, 

Browns, and Trent Rivers were logged in detail from June to August, 2017. Two sub-

objectives were defined as part of achieving the main objective: 1) use facies 

associations to identify important sequence stratigraphic surfaces and correlate them 

across the Comox Sub-Basin; and 2) present a depositional model for the evolution of 

the lower Nanaimo Group in the Comox Sub-Basin. Below, are outlined how these two 

sub-objectives and the main objective were addressed. 

Sub-Objective 1: Use facies associations to identify stratigraphic surfaces, and then use 

those surfaces to correlate across the Comox Sub-Basin. 

Fourteen facies and sub-facies were identified in the lower Nanaimo Group in 

the Comox Sub-Basin, defining seven distinct facies associations. Facies associations 

were then grouped into four depositional systems, which were used to correlate strata 

across the Comox Sub-Basin. Boundaries at the depositional phase scale were 

identified as stratigraphically important surfaces. Maximum depositional ages (MDAs) 

from 12 detrital zircon samples constrain correlations across the Comox Sub-Basin 

(Table 3.1). The relation between depositional systems and maximum depositional ages 

derived from DZ reveals substantial topography on the basal nonconformity that 

underlies all Nanaimo Group strata.  

Correlations employ a composite datum in the form of a series of regionally 

extensive coal seams. Three coal seams are mappable from the Quinsam Coal Mine to 

the Oyster River section. The stratigraphically highest coal seam is mappable from the 

Quinsam Coal Mine through to the Dove Creek D2-A core, but not further southeast. 

This third coal seam, which is mapped to four of the five sections in this study, is the 

primary datum. Working from the Browns River section to the southeast, there are three 

additional coal seams that map to the Dove Creek D2-A core. The highest two coal 
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seams correlate to the Trent River section. The utilization of coal seams as datums is 

similar to the approach employed by previous researchers in the Comox Sub-Basin 

(Atchison, 1968). 

Correlating depositional systems highlights lateral variations in facies, and the 

evidence of increasing marine influence to the southeast. In Phase 5, time-equivalent 

shallow-marine depositional systems (DS3) in the Browns, Dove Creek and Trent River 

sections correlate to coastal plain systems (DS2) in the Oyster River section (Fig. 3.1). 

This is also true for Phase 7, as thick shallow-marine and paralic systems (DS3) in the 

Oyster River section are time-equivalent to marine systems (DS4) in all other sections. 

Marine influence is better expressed vertically through the lower Nanaimo Group, with 

coastal plain strata (DS2) in P4 overlain by shallow-marine and paralic strata (DS3) in 

P5. Marine influence increases consistently, and eventually all sections show strong 

evidence of storm-dominated deposition in shallow-marine (DS3) to marine settings 

(DS3, DS4). 

Sub-Objective 2: Present a depositional model for the evolution for the lower Nanaimo 

Group in the Comox Sub-Basin. 

The lower Nanaimo Group records the development and ultimate transgression 

of an underfilled, ridged forearc basin that evolved into a submerged ridge forearc basin 

(cf. Dickinson, 1995; Takano et al., 2013; Takano and Tsuji, 2017). The strata in this 

basin are dominantly Coniacian to Campanian in age, but significantly older strata are 

identified in paleotopographic lows on the basal nonconformity. The absolute ages of 

lower Nanaimo Group strata in the Comox Sub-Basin are unknown, but DZ MDAs 

suggest some units may be as old as Albian. These strata are grouped into eight 

depositional phases (Fig. 3.1) each divided by stratigraphically significant surfaces. This 

sequence stratigraphic scheme differs significantly from the existing lithostratigraphic 

framework and enables resolution of the initiation and early evolution of the northern 

Georgia Basin. The first three depositional phases (P1–P3) are only observed in the 

Oyster River Section, and record deposition prior to widespread basin subsidence 

initiated during the late Coniacian. Regional deposition of the lower Nanaimo Group 

begins in Depositional Phase 4, which hosts the economic coal seams in the region. 

Most lower Nanaimo Group strata in the Comox Sub-Basin belong to phases 4–8 (Fig. 

3.1). Depositional phases 4–8 record an overall stepwise transgression and northward 
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retreat of the shoreline. Of note, P5 and P6 show evidence of subsidence in the north 

contemporaneous with uplift in the central Comox Sub-Basin, leading to an embayment 

in the north-central part of the sub-basin. 

Mapping via depositional systems highlights the fact that although the different 

lithostratigraphic members of the Comox Formation are currently described as single 

depositional environments, the sequence stratigraphy showcases time equivalency 

between deposits of markedly different depositional environments. Cumberland Member 

strata comprise primarily floodplain and swamp deposits (FA3) with fluvio-tidal channel 

successions (FA2); however, there are also tidal flat (FA4) and deltaic (FA5) deposits 

present in the basal Cumberland (Fig. 3.1). The Dunsmuir Member is interpreted 

predominantly as deltaic (FA5), however, time equivalent fluvio-tidal channel deposits 

(FA2) and beach-shoreface successions (FA6) occur in the central Comox Sub-Basin 

(SE study area). The Trent River/Haslam formations are interpreted as fully marine. In 

the Oyster River section time equivalent strata comprise thick shoreface-beach 

successions that correlate to the thicker marine mudstones and shales by which these 

lithostratigraphic units are defined. As the lithostratigraphic framework cannot easily 

account for temporal and spatial complexity, a framework designed from the start with 

these goals in mind is necessary. 

 

Main Objective: Propose a sequence stratigraphic model for the oldest strata of the 

Nanaimo Group in the Comox Sub-Basin as an alternative to the presently employed 

lithostratigraphic framework. 

Depositional Phases 1 are 2 are time-equivalent to the Benson Member, 

although P1 and P2 show more complex stratigraphy than a simple stack of braided-

fluvial deposits. At least one major disconformity occurs within this package of strata. 

Phases 3 and 4 are time equivalent to the Cumberland Member of the Comox 

Formation, but include time-equivalent shoreface and tidal flat deposits in P3 and at the 

SE margins of P4 (Fig. 3.1). The onset of deposition of P3 is interpreted as a flooding 

surface. The surface separating P3 and P4 is a regressive surface and possibly a 

subaerial unconformity (sequence boundary). The end of P4 deposition is marked by a 

major marine flooding surface. Phase 5 is roughly equivalent to the Dunsmuir Member of 
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the Comox Formation, and represents a continuation of depositional systems from P3 

and P4, with increased preservation of paralic and shallow-marine deposits. Phase 6 

marks the first record of marine mudstones (Haslam Formation or Trent River 

Formation) in the Comox Sub-Basin, although marine mudstones are hypothesized to 

have been deposited contemporaneously with P5 southeast of the study area. The end 

of P6 deposition is marked by a second major marine flooding surface and pronounced 

backstepping of the shoreline towards the NW. Depositional Phase 7 comprises marine 

strata including storm-dominated shallow-marine to marine strata (Tsable Member 

equivalent) and marine mudstones (Haslam Formation equivalent; Fig. 3.1). Phase 7 

marks the final phase of coarse-grained shallow-marine to marine deposition in the 

Comox Sub-Basin. The end of P7 deposition is marked by drowning of the basin and a 

transition to deposition of protected shelf and ultimately, deepwater mudstones.  

The sequence stratigraphic model proposed herein divides strata by bounding 

discontinuities, facies associations and depositional systems, and hence, has greater 

predictive capacity than the current lithostratigraphic frameworks employed for the lower 

Nanaimo Group. Integration of detrital zircon MDA enabled the recognition of previously 

unknown disconformities in the lower Nanaimo Group strata, which reflect a more 

staggered start to deposition in the Georgia Basin. Finally, this work reveals a relatively 

slow, and stepwise drowning of the underfilled, ridged forearc basin during its initiation, 

and its evolution to a shoalwater ridged forearc basin during the early stages of the 

development of the Georgia Basin. 

 

4.1. Future Work 

There are many opportunities to fill in gaps in the Comox Sub-Basin stratal 

record. South of the Trent River, strata along the Tsable River and Wilfred Creek have 

been investigated previously by (Bickford and Kenyon, 1988; Kenyon and Bickford, 

1988) for the lithostratigraphic framework. Logging these sections with a laser range 

finder, detailed and integrated sedimentological and ichnological descriptions, and the 

proposed sequence stratigraphic framework would enable refinement and extension of 

the proposed framework across the entire Comox Sub-Basin. Detrital zircon sampling at 

these additional locations would help to constrain correlations and may be particularly 
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beneficial for the Tsable River outcrop, which was reported to display major structural 

deformation (Kenyon and Bickford, 1988). Collecting paleocurrent data would be useful 

for determining sedimentary source areas and would assist in paleogeographic 

construction of the north Georgia Basin. Once more continuous sections are logged and 

sampled, analyzed for bounding discontinuities, and correlated across the sub-basin, a 

four-systems tract sequence stratigraphic model may be able to be proposed, pending 

evidence of falling stage and lowstand deposits associated with some of the more 

pronounced regressive surfaces and possible subaerial unconformity. Currently, the 

primary limiting factor for implementing such a framework are the gaps in the Nanaimo 

Group’s stratigraphic record. Researchers in the Comox Sub-Basin can use this 

proposed depositional framework as a base to build upon and revise as more data are 

collected.  
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