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Regionally preserved in a structural basin, rocks of

the Cretaceous Nanaimo Group nonconformably overlie meta-

volcanic and metasedimentary rocks of the Permian and older

Sicker Group.

Cretaceous rocks of the thesis area occur in three

formations, the Comox, Extension-Protection, and Cedar Dist;

and, during two cycles, were deposited in environments which,

as a result of transgressions and regressions, ranged from

fluvial to marine.

Paleocurrent and rock analyses indicate that sediments

were derived from an uplifted volcanic and metamorphic

terrane southwest of the study area, suggesting a possible

Sicker Group source.

The Benson Number of the Comox Formation is the basal

unit of the Nanaimo Group and consists of gravels, cobbles,

and boulders deposited by highly competent streams during

the initial phase of the first depositional cycle. Detritus

was rapidly transported from a nearby source and quickly

buried as channel lag deposits in alluvial fans.



After an erosional episode and/or a period of non-

deposition, sands and gravels of the Extension-Protection

Formation were transported by high velocity, low sinuosity

streams and deposited on nonmarine delta plains and marine

delta fronts.

Grading laterally, seaward of the sands and gravels,

the silt- and mud-sized particles of the Cedar District

Formation, the youngest Mesozoic sediments to be pre-

served in the thesis area, were transported to a prodelta

environment where they then settled from suspension or

were deposited by turbidity currents.

Existing Cretaceous deposits were preserved in large

blocks tilted by post-Crectaceous faulting.
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BEDROCK GEOLOGY AND STRATIGRAPHY OF THE LATE
CRETACEOUS NANAIMO GROUP OF THE MAPLE BAY-

COWICHAN BAY AREA, BRITISH COLUMBIA

INTRODUCTION

Location and Accessibility

The thesis area lies on the southwest coast of

Vancouver Island, forty miles northwest of Victoria.

The town of Duncan is adjacent to the west. Ferries

from the mainland arrive several times daily in nearby

Victoria, Swartz Bay, and Nanaimo.

Covering an area of about nineteen square miles,

the section studied is bounded on the east by Sansome

Narrows, on the south by Cowichan Bay and the Cowichan

River, on the west of 123° 40' West Longitude, and on

the north by an east-west line through the peak of

Maple Mountain.

Land is privately owned, but with the exception

of the Tzouhalem Indian Reserve, access was readily

granted. Population is generally restricted to shore-

line and to valleys. Dense vegetation covers the area

except for the minor part devoted to housing and to

farming. Most of the large timber has been logged; the

unmaintained logging roads remain, but brushy regrowth

inhibits transit. However, there are excellent exposures

of bedrock along the shoreline and those cliffs which

form the antidip slopes of cuestas. Other exposures are

folind at road cuts, gravel pits, power lines, fault-line
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scarps, and on the surface of glacially planed conglomerate

dip slopes, the latter concealed by thick carpets of moss.

Lying in the rain shadow of mountains to the west, the

thesis area receives an average annual rainfall of 39.5

inches and an average annual snowfall of 30 inches. Moderated

by the Japanese current, the temperate climate yields average

mean temperatures of 51°F, extreme summer highs of 98°F,

and extreme winter lows of 6°F.

Geomorphology

In the study area, the rocks of the Late Cretaceous

Nanaimo Group generally form cuestas, gently dipping to the

northeast, with sandstone and conglomerate cliffs forming

the antidip slopes. The highest of these is Mt. Tzouhalem,

elevation 1,650 feet. The Permian and older Sicker Group

rocks form steep hogbacks between Grouse Hill and Separa-

tion Point and the 1,600 foot high peak, Maple Mountain.

Slopes are drained by intermittent consequent streams.

Two inlets, Bird's Eye Cove and Genoa Bay, fill opposite

ends of a north-south structural valley which parallels

Sansome Narrows on the east.

Pleistocene glaciation has gouged valleys, striated

slopes, and left behind isolated erratics, such as the

notable Paddy Mile Stone at the mouth of Bird's Eye Cove

on Maple Bay.
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Figure 2. Paddy Mile Stone, a Sicker Group glacial
erratic resting upon Extension-Protection
sandstones at mouth of Bird's Eye Cove.



Figure 3. Glacial striations and grooves in Extension-
Protection Formation, west of Bird's Eye Cove.
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Figure 4. View of Mt. Tzouhalem across Cowichan
Bay. Note Benson Conglomerate cliffs
overlying Sicker Group metasediments
at center.
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Figure 5. View south from Maple Mountain. Bird's
Eye Cove at center.
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Figure 6. View east from Mt. Tzouhalem across Sansome
Narrows to Saltspring Island. Benson Con-
glomerate overlain by Extension-Protection
sandstone. Bird's Eye Cove, lower left.



Investigative Methods

The initial work in the thesis area was accomplished

in June, July, August, and September of 1980. Field stations

were plotted on aerial photographs obtained from the British

Columbia Department of Lands, Forests, and Water Resources

in Victoria and were transferred to a topographic base map

(1:24,000).

Bedding attitudes and structural features were measured

with a Brunton compass. A 10x hand lens and dilute HC1 aided

field identification of rocks. Rock colors were classified

using a Geological Society of America Rock-Color Chart.

Grain size and roundness were compared to a sand guage (Went-

worth, 1922; Powers, 1953). Stratification descriptions

were based upon the method of McKee and Weir (1953). Sedi-

mentary structures used to determine paleocurrent flow

directions were recorded in the field using the Briggs and

Cline method (1967). Items of geologic interest in the

field were photographed on 35mm positive film.

Following the destruction of most of the field and labora-

tory data in a fire, the thesis area was visited and remapped

in July of 1981. At that time, more samples and photographs

were obtained.

Purposes

The principal objectives of this study of the Maple Bay-

Cowichan Bay area include: 1) mapping bedrock structure and

surficial geology at a 1:24,000 scale; 2) construction of
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structural cross sections of the area; 3) formulation of

detailed descriptions and representative stratigraphic

columns of Late Cretaceous units; 4) determination of

the paleoenvironments of deposition, source areas, and

manner and directional properties of sediment transport

of the Late Cretaceous units.

Previous Work

The evaluation and development of coal fields provided

the basis for initial geological study in the Nanaimo and

Comox areas during the mid-nineteenth century. With dimin-

ishing coal production in the mid-twentieth century,

geologists increased their efforts to systematize the

stratigraphy, biochronology, and depositional environments

of the area. The historial developments on southwest

Vancouver Island are summarized by Clapp (1914a), Usher

(1952), and Muller and Jeletzky (1970), and are partially

reviewed below:

1857: J.S. Newberry collected fossils from the Nanaimo

coal beds and dated them as Cretaceous, the first

known occurrence of rocks of this age on the

western coast of North America.

1871- J. Richardson recognized more than one depocenter

1878
for the Nanaimo, Comox, and Cowichan areas, developed

stratigraphic sections of the Comox area Creta-

ceous beds, and correlated the coal measures and

associated shales with those of the Nanaimo region

(Richardson, 1872, 1878; Usher, 1952).
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1890: J.W. Dawson named the Nanaimo Group and correlated

it with the Chico Group of California. He recog-

nized that the stratigraphic units which overlie

the Nanaimo coal measures are conformable (Dawson,

1890).

1908- C.H. Clapp mapped the geology of eastern Vancover
1917

Island. He recognized, named, and described the

formations upon the basis of lithologies rather

than upon that of faunas. He expanded the usage

of -Nanaimo Group" to include the entire conformable

sequence overlying basement (Clapp, 1912).

1952: J.L. Usher studied the Vancover Island coal fields

and described the Nanaimo Group ammonite fauna,

for which he constructed biochronological zones of

Santonian to Maestrichtian age (Usher, 1952).

1963- McGugan, using marine shale foraminifera, and
1964

Crickmay and Pocock, using pollen and spores, con-

cluded that the coal measures of the Nanaimo and

Comox basins, previously considered to be of the

same age, were not correlative.

1967- Graduate students from Oregon State University under
1982

the supervision of Dr. Keith Oles have conducted

mapping and stratigraphic studies on southeast Van-

cover Island and the adjacent Gulf Islands.

1980: Muller published a 1:100,000 map compilation of

the geology of the Victoria area (Muller, 1980).
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REGIONAL GEOLOGIC SETTING

Basement Complex

Regionally, the Cretaceous Nanaimo Group unconformably

overlies three basement assemblages, consisting of the

Permian and older Sicker Group, the Triassic and Early

Jurassic Vancouver Group, and the Jurassic Island Intrusions.

Within the thesis area, basement rocks are limited to the

Sicker Group metamorphics and the associated Tyee Intrusion.

Sicker Group

Named by Clapp and Cook (1917) for porphyritic andesites

on Mt. Sicker west of the thesis area, the Sicker Group is

exposed in three structural culminations: the Buttle Lake

Uplift; the Cowichan-Horne Lake Uplift; and the Nanoose

Uplift. The Sicker Group comprises the entire sequence of

Paleozoic volcanic and sedimentary rocks on Vancouver Island

(Muller, 1980). With a thickness of 8,000 feet to 10,000

feet (Sutherland-Brown, 1966), it consists primarily of

basic and silicic volcanic rocks and, to a lesser extent,

deformed and metamorphosed clastic and carbonate rocks. It

is economically important for its massive metal sulfide

concentrations located along Myra Creek and for the now

exhausted deposits near Mt. Sicker.

Muller, during 1978 and 1979, exploiting enhanced expo-

sures and access provided by an expanded network of logging

roads in the Nitinat and Cameron Valley systems, has revised
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his previous subdivision of the Sicker Group and proposed

a three-fold division consisting of a lower Nitinat Forma-

tion, a middle Myra Formation, and an overlying Sediment

Sill Unit.

The thesis area has excellent exposures of Sicker rocks

in a belt trending northwest fromSaltspring Island toward

Mt. Sicker. These rocks are found at Maple Mountain, on

the west bank of Sansome Narrows, on the west and east sides

of Genoa Bay, and underlie the Cretaceous sequence at Mt.

Tzouhalem.

Nitinat Formation

The Nitinat Formation, which lies exclusively within

the Cowichan-Horne Lake Uplift, consists primarily of basic

volcanic rocks, exhibiting some preserved flow breccia

textures and, less commonly, massive flows interbedded with

medium-grained basaltic tuff.

Metamorphism ranges from low greenschist to amphi-

bolite grade. In higher grade metamorphic rocks adjacent

to Island Intrusions, rare pillows are preserved; their

absence in lower grade metamorphic rocks may be attributable

to obliteration by shearing. The pillows possess coarsely

amygdaloidal cores and finely amygdaloidal rims containing

pseudomorphs of pyroxene phenocrysts. These uralite pheno-

crysts, together with general shear foliation and a low

greenschist of higher metamorphic grade, are characteristic

of the Nitinat Formation.
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Muller, using typical thin sections of Nitinat Forma-

tion rocks, described mafic phenocrysts, 2 mm to 5 mm in

size, composed either of colorless diopside, commonly with

a rim of parallel oriented dark green actinolite (with

smaller extinction angle) or, in pseudomorph, uralite.

Plagioclase phenocrysts are less common and, as a rule,

have been converted to albite, containing small grains of

epidote and rods of actinolite. The matrix may contain

patches of very fine subtrachytic felspathic material, but

is commonly a diffuse mass of chlorite, epidote, prehnite,

actinolite, albite, quartz, and carbonate in variable pro-

portions, together with leucoxene skeltons.

Medium- to coarse-grained uralite gabbro and diorite,

with relict diabasic textures, cut the Nitinat volcanics,

although the contact relations are rarely observed. These

intrusions are thought to represent comagmatic feeder dikes,

sills, and magma chambers of the volcanics.

Cut by faults, shearfolded, and possessing no marker

beds, the Nitinat Formation is partially intruded by and

underlain by gabbroic bodies which constitute its only known

base. This lower unit of the Sicker Group was estimated to

be 1,500 feet thick by Fyles (1955) and to be 2,000 feet

thick by Muller (1980).

In the thesis area, an uplifted fault block of uralite

porphyry in the Nitinat Formation forms the greater part of

Maple Mountain. At Arbutus Point, the Nitinat Formation

rocks are in tight anticlinal folds which enclose five to
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seven narrow (30 to 150 foot wide) synclines of Myra

Formation quartz porphyry. Near parallel fold axes are

oriented northwest-southwest with axial planes verging to

the southwest.

Myra Formation

Overlying the Nitinat Formation is a thick sequence

of bedded volcanic and sedimentary rocks, including rhyo-

litic to dacitic breccias, tuffs and flows, and argillite,

siltstone graywacke, and minor conglomerate. For these

rocks, Muller proposed the name of Myra Formation, taken

from Myra Creek in the Buttle Lake Uplift, where the

formation contains massive metal sulfide deposits.

The formation can be divided into two belts in the

Cowichan-Horne Lake Uplift and is present at Maple Mountain

in the smaller, more intensely deformed northen belt, which

extends from the middle of Saltspring Island through Sicker

Mountain.

Clapp and Cooke (1917) mapped this section as "Tyee

Quartz Feldspar Porphyrite" and "Sicker Gabbro-diorite

Porphyrite", which they characterized as "masses, sills,

and dykes". At Arbutus Point on Maple Mountain, near

vertical, tightly folded, pale blue green (5 BG 7/2) schi-

stose quartz porphyry of the Myra Formation has been

interpreted by Muller as representing flows and sills of

metarhyolite. Present are pale green (10 G 6/2) rocks with

well defined gneissic foliation, containing ellipsoidal
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Figure 7. Truncation of Myra Formation (Sicker Group)
anticline by basal conglomerate of the
Comox Formation. South slope of Stoney Hill.
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Figure 8. Boudinage in Myra Formation (Sicker Group)
south slope of Maple Mountain.
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augen which are as large as one quarter inch across their

long axes, and smaller albite phenocrysts in a very fine-

grained matrix.

To the south of Stoney Hill, the Myra Formation,

consisting of schistose greywacke and argillite, is less

deformed, showing relict cross-bedding and ripple marks.

Intensely faulted sections contain copper oxide-stained

quartz veins which range up to two feet in width and are

the sites of a deep shaft on the east of the saddle and

a short adit near the shoreline, both abandoned.

Age of the Sicker Group

Faunas of the Sicker Group are sparsely distributed,

making age determinations difficult. However, brachiopods

and bryozoa from limestone of the overlying Buttle Lake

Formation have been identified as Permian (Fyles, 1955),

and fusulinids from the Ballenas Islands indicated a Middle

Pennsylvanian age (Muller and Carson, 1969).

K-Ar age determinations of Sicker Group volcanics

indicate ages of metamorphism. Muscovite from the quartz

prophyry-sericite schist at Arbutus Point was dated at 180

my, and actinolite from the uralite prophyry of southern

Saltspring Island was dated at 249 ± 10 my (R.L. Armstrong;

in Muller, 1980).

U-Pb age determinations indicate average ages of 361

my to 395 my for the metaquartz prophyry at Arbutus Point.

These ages may be considered to be minima if an episodic
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lead loss at 180 my is assumed, the time of metamorphism

as indicated by K-Ar age of the Maple Bay Tyee Quartz porphyry.

Muller (1980) concluded, that the Nitinat and Myra

Formations with related intrusions are Devonian or older.
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STRATIGRAPHY AND DEPOSITIONAL HISTORY OF
THE LOWER NANAIMO GROUP

Introduction

The Late Cretaceous rocks of the Nanimo Group crop out

on southeast Vancouver Island, on many islands in the Strait

of Georgia, and along Queen Charlotte Strait. They comprise

sandstones, mudstones, conglomerates and coals. These Creta-

ceous rocks are located in five basins: the Suquash; Alberni;

Cowichan; Comox; and Nanaimo. The structural basins result

from post-Cretaceous block faulting and do not correspond

to original depositional basins.

The Nanaimo Group comprises nine formations with an

aggregate thickness of up to 9,000 feet and exhibits a

sedimentary succession consisting of a seris of five trans-

gressive cycles. Muller (Muller and Jeletzky, 1970) described

five recurring facies which deepen and fine upward: 1) angu-

lar, unsorted fanglomerates and greywackes; 2) well-rounded,

sorted conglomerates, grits, and sandstones; 3) sandstones,

shales, and coals; 4) siltstones, shales, and minor sand-.

stones; 5) thin-bedded siltstone-shale turbidite sequences.

With a minimum aggregate thickness of 1,800 feet, three

formations of the Nanaimo Group crop out within the thesis

area, the Comox, Extension-Protection, and Cedar District.

They are identified by both position in sequence and in

lithologies.
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The Benson Conglomerate Member of the Comox Formation

Where present, the Comox Formation forms the base of

the Nanaimo Group. It is generally coarsely elastic and

underlies marine mudstones with Santonian fauna, although

these mudstones are missing in the thesis area. Clapp

(1912) named the formation for the coal-bearning sequence

near Comox. Later, the name was applied to the basal

coarse elastic sequence of the Nanaimo Group (Muller and

Jeletzky, 1970).

Of the Comox Formation, only the Benson Conglomerate

Member, named after exposures on Mt. Benson, occurs in the

thesis area.

Basal Contacts

The basal contact of the Benson with the Sicker Group

is a profound nonconfomity. On the western side of Skinner

Bluff, the Paleozoic basement rocks dip 80° to the south,

whereas the overlying Cretaceous Benson Conglomerate dips

20° to the northeast. The sharp basal contact displays

channels and pockets with relief of up to five feet. Green

Sicker Group pebbles to boulders occupy the depressions,

and, because of the lithologic similarity between the con-

glomerate and underlying rocks, the contact in some places

is difficult to define.

The nonconformable contact of the Benson conglomerate

with Sicker Group metasediments is also exposed on the south

slope of Stoney Hill where a ten foot deep, twenty foot wide
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Figure 10. Benson Conglomerate Member of the Comox
Formation nonconformably overlying Sicker
Group basement. Note foliation at water
line.
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Figure 11. Cliff with undulating basal contact of
Benson Conglomerate Member of the Comox
Formation with Sicker Group on west
slope of Mt. Tzouhalem.
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Figure 12. Benson Conglomerate infilling channel in
Myra Formation (Sicker Group) meta-
sediments. Note sandstone lens.
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channel, filled with a framework-supported pebble to cobble

conglomerate and overlain by a discontinous sandstone body,

has been scoured into the older rocks. At the base of the

same hill, the top of a tightly folded Sicker Group anti-

cline is truncated by overlying Benson conglomerates.

Visible from Sansome Narrows to the east, the basal

contact from the southeast of Stoney Hill to Sansome Point

is characterized by a sharp break in slope between cliff-

and ledge-forming Cretaceous conglomerates and less resistant

Paleozoic schists.

Areal Distribution and Thickness

The Benson Congolermate crops out in a crescent which,

convex to the south, extends from the northwest base of

Mt. Tzouhalem to Octopus Point on the western shore of

Sansome Narrows, opposite Burgoyne Bay (Plate 1). Along

the perimeter of the crescent, cliffs provided excellent

exposures but are difficult of access.

Lithology and Stratification

Benson Conglomerate clasts vary in color from medium

dark gray (N4) to light gray (N7) and yellowish gray (5 Y7/2) .

They are usually poorly to moderately sorted and well indur-

ated, consistently lacking talus of constituent clasts.

Rubble at the base of conglomerate cliffs typically consists

of large consolidated boulders ranging in thickness from

two to thirty feet.



Figure 13. Current crescents and tool marks in
matrix-supported Benson Conglomerate.
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Framework clasts typically are subangular to subrounded

pebbles to boulders, composed of chert, vein quartz, quartz-

ite, granodiorite, diorite, sandstone, argillite, greenstone,

phyllite, and schist.

Matrix varies from pebble conglomerate to mudstone. One

quarter mile west of Sansome Point at the top of a prominent,

fault-bounded hill, three to four foot thick matrix-supported

pebble conglomerate beds form twenty to thirty foot long

hummocks. Subangular to subrounded pebbles are predominantly

metaquartzite. The matrix is light brown (5Y 6/4) poorly

sorted sandstone, containing angular to subangular grains of

quartz, feldspar, and lithic material. Nearby to the north,

similar lithologies occur, but the conglomerate is frame-

work supported.

Benson conglomerates are characteristically thick-bedded

and poorly stratified. Exposed in cross-section, beds are

four to twenty feet thick, broadly lenticular, and from

erosion resistant ledges and cliffs. Sedimentary structures

and fossils are rare. However, current crescents and tool

marks occur in a matrix-supported cobble conglomerates an

the north slope of Stoney Hill.

At the tip of Octopus Point, near the top of the Benson

section, thin-bedded conglomerates are interbedded with

laminated coarse-grained sandstone with the proportion of

conglomerates to sandstones about two to one. Conglomerates

grade upward into six to seven inch sets of coarse-grained

sandstone laminae.
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Depositional Environment

Paleocurrent data derived from channel axes, pebble

imbrication, current crescents, and tool marks indicate a

southeasterly transport direction for the clasts of the Benson

Conglomerate. The poor sorting, angularity of cobbles and

boulders, and the similarity of basement and clast lithol-

ogies indicate that the material was rapidly deposited and

locally derived. In addition to these considerations, poor

stratification and large scale channels suggest rapid

fluvial deposition. Fluvial processes also are indicated

by sedimentary structures within interbedded sandstone

lenses: fine- to coarse-grained interlaminations, planar

cross-bedding, and matrix-supported pebbles.

Chaotic attitudes of angular cobbles and boulders in

some breccias and matrix-supported conglomerates are charac-

teristic of debris flows, but thin-bedded mudstones and

siltstones interbedded with conglomerates and sandstones,

and facies changes from fan head to base, characteristic

of alluvial fans, are absent.

Extension-Protection Formation

The Extension-Protection Formation is the coarse

clastic sequence of Muller and Jeletzky's second deposi-

tional cycle (1970). In the Nanaimo area, equivalent strata

yield abundant coal and were divided by Clapp (1912) into

five formations on the basis of their position with respect

to various coal seams. These formations were later grouped
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by Muller and Jeletzky (1970) into one formation and named

after the most prominent members: the ExtenSion Conglomerate

(after the town of Extension), and the Protection Sandstone

(after Protection Island in Nanaimo Bay).

In the thesis area and on neighboring Saltspring

Island, isolated pelecypods suggest a Late Cretaceous age

(Jeletzky, 1973). Fossils from the oldest member of the

Extension-Protection and the overlying Cedar District

Formation indicate an Early Campanian age for the Extension-

Protection Formation (Muller and Jeletzky, 1970).

Areal Distribution and Thickness

The Extension-Protection Formation in the thesis area

crops out in a crescent, convex to the south. It prepon-

derently occurs as a cuesta former, well exposed on the

antidip slopes but generally covered on the dip slopes. It

forms the top part of Mt. Tzouhalem and extends across the

middle of the study area from the northeast shore of

Quamichan Lake to Sansome Narrows between Paddy Mile Stone

and Octopus Point.

Estimated thicknesses range from 500 feet near the

peak of Mt. Tzouhalem to 200 feet near Sansome Narrows.

Thickness in the Chemainus area to the north is estimated

to attain 2,100 feet (Fahlstrom, 1981), and 1,900 feet on

Saltspring Island to the east (Hanson, 1976).
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Figure 14. Benson Conglomerate cliffs (below) over-
lain by Extension-Protection sandstones.
East side of Mt. Tzouhalem.



32

Basal Contact

Elsewhere in the Nanaimo Basin, the Extension-Protection

Formation unconformably overlies marine siltstones and mud-

stones of the Haslam Formation, presumed to be absent in

the thesis area. Here, at a covered contact, sandstones

of the Extension-Protection Formation disconformably overlie

conglomerates of the Comox Formation. Despite the fact that

the Extension-Protection and the Comox Formation are both

cliff formers in the southern part of the thesis area,

these units are separated by a talus- and alluvium-filled

trough which obscures from ten to thirty feet of section.

This trough is assumed to be the result of erosion of less

resistant strata at or near the contact. Three alternative

explanations are suggested: 1) this less resistant rock

represents an erosional remnant of the missing Haslam

Formation; 2) this well developed topographic low may result

from movement along bedding planes of the Extension-Protection

sandstones over the underlying Comox conglomerates, no

evidence for which was discovered; 3) the trough may have

been eroded from the middle muds tone member of the COMM

Formation reported by Hanson (1976) on Saltspring Island.

If this last premise is correct, the overlying sandstone

unit, mapped as Extension-Protection Formation in the thesis

area, may actually be the upper sandstone member of the Comox

Formation described by Hanson. Furthermore, the siltstone-

mudstone unit mapped in the thesis area as Cedar District

may be, alternatively, Haslam Formation. Correlations based
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upon microfossil zonation would resolve this question.

However, considering the lack of fossil control and the

similarities of lithologies and depositional environments

for these respective units, this writer retains the

Extension-Protection designation for this sandstone unit,

as per Muller in his regional map (1970) of the Nanaimo Group.

Lithology and Stratification

In the thesis area, the lower section of the Extension-

Protection Formation preponderently consists of cuesta-

forming fluvial sandstones interbedded with minor conglomerates.

Marine fossils are absent, but abundant leaf fossils occur

in addition to isolated carbonized wood fragments. In the

upper section, the ratio of sandstone to conglomerate

increases, and marine fossils occur.

The fluvial facies consist of poorly to well indurated,

very coarse- to very fine-grained sandstones, pebbly sand-

stones, and pebble-cobble conglomerate. Sandstone compositions

range from arkosic wackes to arenites. Sorting varies but

is generally moderate. Constituent grains of quartz, feld-

spar, biotite, and magnetite are angular to subrounded. Colors

range from light olive gray (5 Y 6/1) and medium light gray

(N6) to light brownish gray (5 YR 6/1) fresh, and pale

yellowish brown (10 YR 6/2) or dusky brown (5 YR 2/2) to

light gray (N7) weathered.

Unlike the Benson conglomerates, those of the Extension7

Protection Formation typically consist of well sorted,



Figure 15. Flaggy to slabby, very thin-bedded, fine-
grained sandstones overlying ellipsoidally
weathered fine-grained sandstones, Exten-
sion-Protection Formation, east side of
Mt. Tzouhalem. Note beneath overhang the
fallen spherical concretion from stratum
above.
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subrounded to rounded, rarely imbricated, pebbles to

cobbles of quartzite, granodiorite, vein quartz, schist,

metavolcanics, and phyllite.

Matrix varies from pebbly sandstone to mudstone. At

Bird's Eye Cove and at the base of the cuesta to the east,

lenticular conglomerates occur, interbedded with and in-

filling channels in very thin-bedded sandstones and pebbly

sandstones. Channel depths range to four feet and widths

to 15 feet. Stratification varies from thinly laminated

to very thick-bedded. Planar cross-bedding exceeds trough

cross-bedding. Both occur in thin cosets, accompanied by

thin- to very thin-bedded sets of very fine-grained to very

coarse-grained sandstones, forming thick sets. Laterally,

discontinuous beds pinch out or are truncated. Normal-

graded beds possess sharp, smooth lower bedding planes.

Parting lineation is present in some places.

In the upper part of the section, at a salient south

of Paddy Mile Stone, shoreline outcrops of fine-grained

sandstones contain Thalassinoides and Skolithos bioturbation

in one to three foot concretions. Thick-shelled pelecypod

fossils also are present. Shallow channels cut laminated,

well-sorted, very fine-grained sandstones and are infilled

by pebbly conglomerate lag concentrate and shell fragments.

Planar, thin-bedded, honeycomb-weathered, fine-grained

sandstones are overlain by ten foot thick sets of less

resistant, rubbly, ellipsoidally weathered, very fine-

grained sandstones to siltstones.



Figure 16. Fossil fern in Extension-Protection
very fine-grained sandstone.
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Figure 17. Blocky, thick-bedded, calcareous sandstone
overlain by flaggy to platy, thin-bedded
to laminated sandstone, rhythmically inter-
bedded with finely laminated carbonaceous
material. Extension-Protection Formation
east of Bird's Eye Cove.



Figure 18. Honeycomb weathering (tafone) in very
thin-bedded to laminated fine- to medium-
grained sandstones in Extension-Protection
Formation 100 yards south of Paddy Mile
Stone.
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Figure 19. Thalassinoides in fine-grained sandstone.
Extension-Protection Formation on the
shoreline 0.2 miles east of Paddy Mile
Stone.



Figure 20. Skolithos in blocky, coarse-grained
sandstone of Extension-Protection
Formation. Coastline east of Paddy
Mile Stone.



Figure 21. Thalassinoides in flaggy, medium-grained
sandstone of Extension-Protection Formation.
Shoreline east of Paddy Mile Stone.
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Figure 22. Unidentified pelecypod (Inoceramus?) in
very fine-grained sandstone. Extension-
Protection Formation 0.3 miles south of
Maple Bay Road.



Figure 23. Slabby to blocky, thin-bedded, medium-
grained sandstones overlain by rubbly,
ellipsoidally weathered, fine-grained
sandstones. Extension-Protection For-
mation, east shore of Bird's Eye Cove.
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Extension-Protection sandstones, where exposed at the

top of the section, consistently fine upward, grading into

and intertonguing with silstones.

Petrography

Sandstones in thin sections range from very fine- to

very coarse-grained, submature, felspathic arenites to wackes,

and contain poorly to moderately sorted, angular to sub-

angular grains. The composition predominantly is of quartz

and feldspar. The average total quartz composition is 60

percent. Of the total composition, 50 percent of the quartz

is monocrystalline and unstrained. The remaining quartz is

mostly polycrystalline; quartz with undulating extinction

is present in small amounts. The average total feldspar

composition is about 20 percent, microcline as a very minor

constituent.

Volcanic and metamorphic lithic fragment composition

averages about five percent. Biotite, commonly altered to

chlorite, constitutes about three percent, with about one

half of one percent muscovite.

Hornblende, sphene, epidote, tourmaline, zircon, and

magnetite are-present in trace amounts.

Depositional Environments

The Extension-Protection Formation accumulated in

environments which ranged from continental to nearshore

marine.
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Figure 24. Photomicrograph of fine-grained Extension-
Protection arkosic wacke. Note burrow (b),
muscovite (m), epidote (e), and altering
feldspar (f).
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Figure 25. Photomicrograph of Extension-Protection
coarse-grained arkosic wacke. Note
altered volcanic fragment (v), polycry-
stalline quartz (pq), microcline (m),
feldspar (f), and epidote (e).
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Figure 26. Photomicrograph of Extension-Protection
arkosic arenite. Note biotite (b), quartz
(q), metamorphic rock fragment (mr), and
undulating quartz (uq).
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Figure 27. Photomicrograph of lower Extension-Protection
sandstone. Note angularity of grains, feld-
spar altering to sericite (sf), polycrystalline
quartz (pq), twinned plagioclase feldspar (f),
and calcite (c).
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The fluvial facies of the lower section were deposited

by high velocity currents, the conglomerates as the tractive

bed load of competent streams which drained a nearby source

of high relief. Abundant fluvial features include closely

spaced facies changes, lenticular bedding, widespread

channeling, interlamination of fine- and coarse-grained

sandstones, planar and trough cross-bedding, and numerous

plant fossils. Because of high gradients, low sinuosity

streams frequently switch channels to form a network of

braided channels and are characterized by an absence of

overbank mud and silt (Selley, 1970).

A transition from continental to marine deposition

is indicated by the appearance of marine fossils and charac-

teristic bioturbation, and lateral gradation into the

offshore marine facies of the Cedar District Formation.

Paleocurrent data derived from channel axes, current

ripples, flutes, tool marks, and parting lineations demon-

strate a general northeast transport direction for sediments

of the Extension-Protection Formation. Decreasing stream

gradients from west to east are indicated by the gradational

fining upward trend.

Immature sandstones contain numerous unstable lithic

fragments, suggesting local provenance, rapid deposition

and burial. The presence of metamorphic rock fragments and

polycrystalline quartz implies a Sicker Group origin for

some constituent material. Some of the more rounded chert

and quartzite pebbles may have been recycled from the



50

underlying Benson Conglomerate, whereas volcanic lithic

fragments may be from the Triassic Karmutsen Basalt to

the west. The close association of continental and marine

environments, primary structures, and facies relationships

indicate that coarse material derived from an uplifted

region to the southwest was deposited near the coastline

by braided streams with steep gradients, prograding seaward

from delta plains to shallow delta fronts.

Cedar District Formation

The name Cedar District was initially used for the marine

mudstone unit which overlies the coal-bearing strata at

Nanaimo (Clapp, 1912). Muller and Jeletzky (1970) applied

this name to the fine-grained unit of the second depositional

cycle of the Nanaimo Group.

Distribution and Thickness

The Cedar District Formation in the thesis area crops

out on the northwest side of Mt. Tzouhalem, in the adjacent

valley northeast of Quamichan Lake, and abuts the southwes.t

base of Maple Mountain. Elongate north and south, this

exposure is approximately two and one half miles long and

one and one third miles wide.

This generally nonresistant unit is typically a gentle

slope-, lowland-, or shoreline terrace-former. However,

resistant, calcareous siltstones form prominent ridges

southeast of Maple Bay, and to the southwest of Maple
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Mountain, near vertical strata form alternating strike

ridges and valleys.

In the Chemainus area to the north, Fahlstrom (1981)

measured a Cedar District thickness of 825 feet, assumed

to be an incomplete lower section, whereas Hanson (1976)

described a thickness approaching 3,600 feet on Saltspring

Island to the east. In the study area, the estimated

thickness varies from 500 feet on the northeast slope of

Mt. Tzouhalem to ten feet or less above the west shoreline

of Bird's Eye Cove. However, the thickness may exceed 1,000

feet in a syncline southwest of Maple Mountain. Of the

total Cedar District deposition in the thesis area, it is

probably that only a lower section remains.

Basal Contact

The conformable contact of the Cedar District Formation

with the underlying Extension-Protection Formation is trans-

itional over an interval of five to ten feet. Yellowish

gray (5 Y 7/2), thin- to very thin-bedded Extension-

Protection sandstones grade up into medium dark gray (N4)

to medium gray (N5) nonfissile, laminated Cedar District

siltstones.

Lithology and Stratification

In the study area, the Cedar District Formation prepon-

derently consists of concretionary, fossiliferous medium

dark gray (N4) to dark gray (N3) mudstones and siltstones.
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Upper weathered surfaces are typically littered with one

inch and smaller angular chips. Cliff and roadcut exposures

reveal ellipsoidally weathered pods, with long axes parallel

to bedding. Exfoliation surfaces are commonly stained

purplish black and brownish red by manganese and iron

oxides respectively.

Oblate, calcareous, fossiliferous, mudstone and silt-

stone concretions stand out in bold relief against surrounding

weathered surfaces. Long axes vary from one inch to three

feet. These structures generally contain burrows, carbonized

wood, complete or fragmented shells, and disseminated and

clustered pyrite cubes.

Primary structures have been extensively obliterated

by bioturbation, weathering, and cleavage, but are well pre-

served in an intertidal shoreline platform southwest of the

town of Maple Bay. Incomplete Bouma sequences, Bt C, D,

and E, occur in steeply dipping, differentially weathered,

rhythmically bedded strata. Ripple cross-laminted, very

fine-grained sandstones with sharp basal contacts grade

upward into thinly laminated siltstones. These laterally'

extensive beds are truncated by shallow channels infilled

by intercalated laminations of siltstones and very fine-

grained sandstones. A recumbent fold, believed to be soft

sediment deformation, several beds thick with an amplitude

of nine feet occurs, draped by laminated mudstone presumed

to have settled from suspension.
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Examined microscopically, the very fine-grained silt-

stones and sandstones are composed of about 50 percent

feldspar and half as much quartz, with minor amounts of

biotite and muscovite. Interstices are filled with un-

'identified fine matrix and authigenic calcite.

Depositional Environment

With minor exceptions, the Cedar District Formation

displays consistent lithology and texture, indicative of

uniform depositional conditions. An offshore environment

for this unit is indicated by the gradational relationship

with the shallow marine facies of the upper Extension-

Protection Formation. Fine particle size suggests deposition

by low energy processes such as weak bottom currents, which

occur in open shelf areas, as does settling from suspension

of silt- and clay-sized particles. Widespread bioturbation

implies slow deposition in quiet water. Rhythmically bedded

strata at Maple Bay, because of the preponderence of

laminated siltstones and mudstones, suggest a distal turbi-

dite origin, although no complete, successive sequence of

characteristic structures are observed.

Concretion formation by precipitation of calcium car-

bonite,facilitated by ammonia from decaying marine organisms,

is also consistent with an offshore location (Weeks, 1953).

Post-depositional reducing conditions are indicated by

the occurence of pyrite in association with abundant organic

material.
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The conformable relationship between the Extension-

Protection and Cedar District Formations and inspection of

rock constituents imply that sediments in each unit were

derived from similar sources, among them, the Sicker Group.

In conclusion, the Cedar District Formation accumulated

in an offshore marine environment. Paleocurrent data

derived from channel axes at Maple Bay indicate a northeast

transport direction of Cedar District sediments with a

source to the southwest.
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Figure 28. Cleavage development in Cedar District
siltstones along Genoa Bay Road. Note
ellipsoidal weathering.
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Figure 29. Recumbent fold, result of slumping on
paleoslope. Shoreline platform, Maple Bay.
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Figure 30. Cleavage development in Cedar District
silstones at Maple Bay.
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Figure 31. Steeply dipping, rhythmically-bedded
sandstones and siltstones on shore at
Maple Bay.
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Figure 32. Scour-and-fill in rhythmically-bedded,
fine-grained sandstones and siltstones
of probable turbidite origin. Cedar
District Formation on shore at Maple Bay.
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STRUCTURE

In a regional study of the Nanaimo Group, Muller

recognized a major series of northwest-dipping fault

blocks (Muller and Jeletzky, 1970). Along the upthrown

southwestern edges, bands of Paleozoic rocks are exposed,

whereas Cretaceous sedimentary rocks are preserved on

northeastern dip slopes. Sutherland-Brown (1966) suggested

that both faults and folds are related to movement of

basement blocks along reactivated zones of weakness.

The structure of the thesis area is controlled by

three northwest-trending faults, one northeast-trending

fault, a system of transverse faults, and two major folds.

The northwest-trending faults delineate two major

blocks: 1) a northwest-tilted western block extending from

the southwestern base of Mt. Tzouhalem to Maple Bay and

Bird's Eye Cove on the east; 2) a northwest-tilted eastern

block extending from Maple Bay on the west to Sansome

Narrows on the east.

The western block is bounded to the west by a fault

trending approximately N 50 W. The southwest face of Mt.

Tzouhalem is a fault-line scarp which exposes 1,100 feet

of Paleozoic Sicker Group basement. Because Cretaceous

rocks crop out southwest of the fault, vertical separation

must exceed 1,100 feet. Another large fault, trending

N 10 W, divides the study area, through Bird's Eye Cove,

into two major blocks.
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Figure 33. Drag folding on reverse fault in Cedar

District siltstones near southwest base

of Maple Mountain. South is to the right.
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West of Stoney Hill, a series of shorter, normal step

faults occurs, all east-side up and distributed to the east

through the eastern block. The upthrown eastern perimeter

of this block is delineated by a fault trending N 10 E.

The fault-line scarp exposes 300 feet of Paleozoic base-

ment and 300 feet of Cretaceous Benson Conglomerate at

Stoney Hill. Although covered by Sansome Narrows for much

of its length, the surface trace is exposed at Sansome

Point and cuts through the peninsula one mile south of

Grouse Hill.

A series of subparallel transverse faults, trending

about N 65 E dissects the central part of Mt. Tzouhalem.

Most of these normal faults are north-side up. However,

a half-mile wide horst, which extends entirely across Mt.

Tzouhalem, is bounded on the northwest by a fault, north-

side down.

In the eastern block, another series of subparallel

transverse faults trends about N 40 E. Although concentrated

to the east, these faults intersect or are intersected by

the previously mentioned northwest trending step faults

and display no appreciable offset. These normal faults

are preponderantly north-side up.

Near the northern boundary of the thesis area, Paleozoic

Sicker Group rocks are in fault contact with Cretaceous

sedimentary rocks, the former elevated at least 1,500 feet

above the latter. Trending N 65 W, this north-side up

fault is accompanied by drag folding of the Cretaceous
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siltstones to the south. The resultant southeast-

plunging syncline has both limbs vertical.

On the eastern block, a combination of three factors

connote the existence of an anticline south of Paddy Mile

Stone: 1) different dip slope orientations of the north-

east and northwest block margins; 2) consistent northeast

dips along the shoreline between Paddy Mile Stone and

Octopus Point; 3) consistent northwest dips along an

inland logging road. The axial trace of the anticline

trends about N 30 W, and the northwest limb dips about

25°, whereas the southwest limb dips about 140.
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GEOLOGICAL HISTORY

The basement rocks of Vancouver Island are strati-

graphically and biostratigraphically similar to those

found in terranes scattered from Oregon to Alaska (Jones

et al., 1977). Combined with this resemblance, paleo-

magnetism studies which indicate a far southern source

for these rocks suggest that Vancouver Island is a micro-

plate, one of several presumed to have collided with the

western margin of North America since Paleozoic time.

According to Muller (1977) Nanaimo Group sediments were

deposited in a forearc basin and were derived from the coast

plutonic arc. Alternatively, an uplifted accretionary prism

could have provided a western source of sediments within the

same plate tectonics framework. This hypothesis is compatible

with paleocurrent data from the thesis area.

Accompanying a marine transgression during Santonian

time, clastic material was deposited upon the irregular,

eroded surface of deformed and metamorphosed Paleozoic

Sicker Group rock. These sediments were derived from a

rapidly uplifted area of Sicker Group rocks southwest of

and near to the receiving basin. High gradient streams

rapidly deposited and covered this material in alluvial fans.

These accumulations formed the Benson Conglomerate of the

Comox Formation. If finer clastic material was later de-

posited during this transgression, it was uniformly eroded

and removed during the subsequent regression.
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A second depositional cycle occurred during early

Campanian time. A clastic wedge of sands and gravels was

disconformably draped upon the erosion surface of the

Benson Congolmerate unit. High energy, low sinuosity,

braided streams transported coarse sediments northweast-

ward from an uplifted Sicker Group source, progressing

from nonmarine delta plain to nearshore marine delta front.

This accumulation formed the sandstones and conglomerates

of the Extension-Protection Formation.

During the second depositional cycle of the Nanaimo

Group, fine-grained Cedar District sediments were transported

farther seaward to a prodelta area. This sediment settled

from suspension and was slowly deposited upon the sea floor.

Periodic storms and turbidity currents resulted in swift

influxes of sediments to this area. A combined rapid up-

lift of the source area and acute basin subsidence permitted

a thick accumulation of fine-grained sediments.

Evidence of further deposition has been destroyed by

post-Cretaceous erosion. Cretaceous sedimentary rocks have

been preserved on the dip slopes of northeast-tilted fault.

blocks. Muller and Jeletzky (1970) attributed the faulting

and tilting of these blocks to a tensional regime resulting

from Late Cretaceous or early Tertiary differential uplift

of Vancouver Island.

Pleistocene continental glaciation deeply scoured the

Cretaceous rocks and deposited isolated glacial drift and

erratics.
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