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Four formations of the Cretaceous Nanaimo Group crop out on

Galiano Island and on Parker and Gossip Islands, nearby. These for-

mations are: early Campanian Geoffrey Formation which encloses a

tongue of the Northumberland Formation; early Campanian to late

Maestrichtian Spray Formation; and Maestrichtian Gabriola Formation.

The stratigraphic succession has a maximum composite thickness in

excess of 6, 400 feet.

The formations are the product of two types of deposition:

1) non-marine fluvial, and 2) nearshore to offshore marine. The non-

marine and marine deposits intertongue throughout the sequence result-

ing in two cycles of upward-coarsening grain size, interpreted as having

formed in a short-headed stream-delta.

Paleocurrent direction data and modal analyses of the formations

indicate the particles composing the rocks, predominantly quartz,

feldspar, mica, and volcanic rock fragments, were derived from the



pre-Cretaceous rocks of the coastal mountains of Vancouver and

Saltspring Islands that lay to the south-southwest.

The Galiano area is structurally simple. The area, located

entirely on the northeast flank of the Trincomali Anticline, consists of

strata that form a simple homocline dipping northeast. Faults are not

common. The fault system trends N. 200 E. and consists of steeply

dipping normal faults, southeast blocks down relative to northwest

blocks. The fracture system, consisting of a set trending N. 240 E.

with dips near vertical and a set trending N. 450 W. dipping 800 south-

west is ubiquitous but has little topographic expression. It was

analyzed to establish the stress system responsible for the faults and

fractures in the area. The results suggest that the fractures were

formed by compression in a north-northwest--south-southeast direction.
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THE STRATIGRAPHY, STRUCTURE, AND SEDIMENTOLOGY OF
THE CRETACEOUS NANAIMO GROUP, GALIANO ISLAND

BRITISH COLUMBIA

INTRODUCTION

Location and Accessibility

This thesis consists of a detailed geologic map, supporting

lithologic and formation descriptions, and interpretations of the

Cretaceous rocks exposed on Galiano Island, British Columbia. The

island is a member of the Gulf Islands, an island chain situated between

the mainland of British Columbia and Vancouver Island (Figure 1).

Galiano Island is positioned near the middle of the island chain. The

waters of the Strait of Georgia, lapping the shore of Galiano on the

north and northeast, separate the island from mainland British

Columbia. The city of Vancouver, on mainland British Columbia, lies

30 miles to the northeast across this strait. On the south and south-

west, the Trincomali Channel lies between Galiano Island and the

island of Saltspring, largest of the Gulf Islands, Active Pass and

Porlier Pass, connecting the Strait of Georgia and the Trincomali

Channel, bound Galiano on the southeast and northeast respectively.

Galiano Island has a northwest to southeast length of 20 miles

and ranges from 3 1/2 miles to 1 1/4 miles in width, (Figure 1).
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Including Gossip Island and Parker Island, satellite islands off the

coast of Galiano Island, the map area covers 39 square miles.

Ferry service connects Galiano Island with mainland British

Columbia and Vancouver Island. Foot passengers and vehicles may

embark from Tsawwassen on the mainland and arrive at Sturdies Bay,

or from Horseshoe Bay on Vancouver Island and arrive at Montague

Harbour. The smaller adjacent islands may be reached by private

boat. Wharfage is available at Sturdies Bay, Montague Harbour,

Whaler Bay, and Porlier Pass Marina. Marine gas and food supplies

are available at Montague Harbour.

Paved, graveled, and logging roads provide ready access to

most of the interior and coastline of Galiano Island. While paved

roads closely follow the perimeter of the island, on the south side

steep cliffs, 200 to 600 feet high, prohibit an easy descent to sea level.

The easiest access to this part of the coastline is by private boat. The

north side of the island is accessible from gravel and logging roads.

The maintenance of the logging roads is sometimes poor and allows

only foot passage. The northeast and southwest parts of the island

are low and may be reached on foot from paved or graveled roads.
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Methods of Investigation

Purposes

The project was undertaken to: 1) investigate and map the

Cretaceous sedimentary sequence and structure, and 2) determine

paleoenvironments of deposition and directional properties indicating

sediment dispersal pattern and source areas. The essence of this

thesis rests with the obtained detailed geologic information about the

Cretaceous Nanaimo Basin rocks. The information will provide geo-

logic data needed for a comprehensive regional study of Cretaceous

Nanaimo Basin sedimentary rocks and sediment depositional environ-

ments.

Field Work

On March 16, 1975, Galiano Island was visited for orientation

and reconnaissance purposes. A base camp location and permission

to enter private lands were obtained. In addition, sedimentary units

were briefly examined in terms of their lithologies, stratigraphic

relationships, and topographic expression. Data gathering and inter-

pretation commenced with field studies during June 1975 to September

1975 and continued with laboratory analyses of field data from

September 1975 to March 1976.
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A primary objective of the field work was geologic mapping. As

a preliminary step, outcrop patterns, faults, and fracture systems

were delineated on low altitude aerial photographs, 1 inch = 1/4 mile.

Upon field validation, information was transferred to a base map,

1 inch = 1/4 mile. The source for all aerial photos and maps was the

Surveys and Mapping Branch of the British Columbia Department of

Lands, Forests and Water Resources. Geologic mapping was supple-

mented with detailed geologic formation descriptions. Rock unit

thicknesses were measured using a 50 foot tape measure and, where

possible, were directly measured using a Jacobs staff and Abney level.

Formational attitudes were measured using a Brunton compass. Litho-

logic descriptions were compiled aided by: 10 X and 20 X hand lenses,

Rock-Color Chart of the Geological Society of America (1963), and a

sand gauge chart. The information obtained from formation and litho-

logic descriptions was valuable in determining unit thicknesses and

f ac ie s changes along and across strike and in pale oenvironment inter-

pretations.

Paleocurrent analysis yielded sediment source direction,

dispersal patterns and depositional environment information. Attitudes

of current directional structures were obtained with a Brunton compass.

Where possible, paleocurrent measurements were rotated in the field

to apparent original depositional positions using the technique of

Briggs and Cline (1967). In instances where this technique was not
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applicable, rotation to position of original deposition was made in the

course of laboratory work by using a stereonet. Rosette diagrams

were prepared to graphically represent paleocurrent flow directions.

Field work also consisted of: 1) collecting rock and fossil

samples, 2) taking pebble counts, 3) obtaining formation thickne s s e s

from a number of locations, and 4) photographing areas of geologic

interest.

Laboratory Work

Laboratory work entailed examination, analysis and compilation

of field samples and data. Pebble samples from the Gabriola and

Geoffrey Formations were analysed using a binocular microscope to

determine pebble lithologies. Thin sections of 30 rock samples were

examined microscopically and twenty thin sections were point counted.

A total of 600 to 650 grains were counted for each section. The

selective staining method of Bailey and Steven (1960) facilitated identi-

fication of potassic and sodic feldspars. Determination of plagioclase

composition was accomplished microscopically following the Michel-

Levy method. The classification of sandstones follows that of Gilbert

(1954).

Laboratory work also consisted of: 1) examination of the clay

constituents of the mudstone units by X-ray diffraction techniques, and

2) sieve analysis of selected sandstone units.
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Geographical Setting

Topography

The topography reflects the underlying strata, structure, and

the activity of erosional agents (Plate 1). From the southwest to the

northeast the formations on Galiano Island and adjacent islands are:

Geoffrey Formation which encloses a tongue of the Northumberland

Formation, Spray Formation, and Gabriola Formation. Uplifted,

folded, and transected by the Trincomali Channel, the units dip 10 to

29 degrees northeast as a homocline. Differentially eroded by running

water and glaciation, the resistant sandstones and conglomerates of the

Geoffrey Formation and Gabriola Formation form northwest-southeast

trending ridges and cuestas whereas the less resistant mudstones of

the Northumberland Formation, Spray Formation, and mudstone inter-

beds of the Gabriola Formation form longitudinal valleys and coastal

lows.

Although four formations are exposed on Galiano Island, only

three are extensive. The only outcrops of the Northumberland Forma-

tion occur at Phillimore Point and southeast of Winstanley Point. Here

the Northumberland Formation crops out in small re-entrants between

salients of sandstone. Erosionally non-resistant, the formation under-

lies lowlands and areas of poor drainage in the interior. The sandstone

salients are part of the Geoffrey Formation, an erosionally resistant
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unit. The Geoffrey Formation underlies topographic highs in a south-

east to northwest belt across the. south end of Galiano Island. From

Phillimore Point to Mary Anne Point, the formation crops out in the

antidip slopes of asymmetrical ridges which form sea cliffs along the

Trincomali Channel and the southern part of Active Pass. The dip

slopes of these ridges underlie the southeast one-third of Galiano.

Mount Galiano and Mount Sutil, the most prominent features on Galiane

Island, are composed of and represent the greatest thickness (1500

feet) of the Geoffrey Formation. Cropping out in the south central

part of Galiano Island, the Spray Formation underlies lowlands

commonly with poor drainage and swamps. The best exposures of the

Spray are at Montague Harbour and Sturdies Bay where erosion of the

mudstone provides protected anchorage. In the interior, the Spray

forms a valley approximately one mile wide. The valley has been

extensively cultivated and outcrop exposures are poor. The Gabriola

Formation underlies the southwest one-third and all of the north end of

the island as a series of parallel northwest-trending ridges and valleys

broken by northeast-trending faults and fracture systems. The ridges

are asymmetrical, 200 to 600 feet high, with 1/4 to 1/2 miles distances

between crests. The two most prominent crests are Quadra and

Madrona hills. The valleys are poorly drained and locally swampy.

Along the northwest coast eroding of the mudstone interbeds has pro-

duced pocket beaches.
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The most recent geologic event has been glaciation. Glacial

gravels are prevalent along the northeast coast. The largest exposed

erratic, a block of granodiorite (approximately 10 feet X 10 feet X 11

feet) is located on the southeast tip of Gossip Island. The :superficial

glacial till covering most of the island interior, and glacial striations

at Gray Peninsula, attest to part of the topographic configuration of

the island being a response to glacial erosive activity.

Climate

The climate of Galiano Island, classified as southeast marine in

reference to coastal southeast Vancouver Island is temperate with

comparatively small extremes of temperature (Atmospheric Environ-

ments Service Department of the Environment Canada, 1973). The

westerly circulation and prevailing winds, north from October to March

and southeast from April to September, are predominantly responsible

for the amount of bright sunshine, approximately 2000 hours per year,

the warm dry summers and cool wet winters. The average temperature

in winter is 40 F. and in summer 60 F. The annual average tempera-

ture is 46 F. with January the coldest and July the warmest months.

The rainfall is lower than in most marine influenced climates,

for the area is in the lee of two mountain ranges. The ranges forming

the backbone of Vancouver Island, and rising to almost 7, 000 feet,
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shield the island from the moisture laden westerly winds from the

Pacific Ocean. To the north and northeast the Coast Range, on main-

land British Columbia, rising to over 13, 000 feet, shelters the area

from precipitation and cold air masses originating to the north and

east. The annual precipitation on the island is 34. 37 inches with the

most abundant rainfall in the winter months.

Monthly and Annual Mean Temperatures - Southeast Marine Area

Jan Feb March April May June July Aug Sept Oct Nov Dec Annual

37 41 43 46 54 57 61 59 58 49 40 41 46

Monthly and Annual Mean Precipitation - Galiano Island

Jan Feb March April May June July Aug Sept Oct Nov Dec Annual

Rainf all
4.6 2.9 1.6 1.4 1.4 .9 1.2 1.6 3.85.1 5.2 33

Snowfall
5.4 1.7 1. 0 T 0 0 0 0 0 0 .4 5. 1 13. 6

Total Precipitation
5. 1 3.4 3. 0 1.6 1.4 1.4 . 9 1. 2 1. 6 3.85.25.7 34.3
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Vegetation

Galiano Island has extensive interior forests comprised of the

following types of trees: Douglas fir, red cedar, some white fir, alder,

wild cherry, and maple. Yew and arbutus trees grow along the coast-

line.

Clearcut in the past, the central lowland is used for pasture and

growing hay. The tops of ridges and hills have been logged and replant::

Secondary growth of conifers, alder, and juniper and a heavy under-

growth of moss, salal, hemlock, blackberry, salmon berry, man-

zanita, wild rose, and Oregon grape cover the crests and backslopes

of recently logged ridges. The valleys not only have the type of exten-

sive undergrowth found in the logged area but in the poorly drained

interiors include grasses, reeds, and ferns.

Previous Work

The Cretaceous Nanaimo Group rocks in the region are located

in five basins: Nanaimo, Comox, Cowichan, Alberni, and Suquash

(Figure 2). The report of Tolmie in 1835, indicating possible economic

coal measures, stimulated geologic study in the region, with attention

on the Suquash Basin, northeast coast of Vancouver Island. In 1850

McKay located economic coal seams at Nanaimo, thus stimulating
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geologic interest in the Cretaceous rocks not only in the vicinity, but

also in the Gulf Islands. Collectively, these latter rocks designate the

Nanaimo Basin.

The initial geologic studies of the Nanaimo area were cursory

investigations by early exploratory expeditions. Newberry (1857),

during Lieutenant Williamson's northern California and Oregon explora-

tory expedition, collected fossils including some new species. Later,

he dated these as being Cretaceous, and for the first time an age could

be assigned to the rocks of the area. Hector (1861), from notes taken

on the Governmental Exploratory Expedition led by Captain J. Palliser,

published a reconnaissance survey on the "Geology of the Country

between Lake Superior and the Pacific Ocean. " Included in his work

was a description of the rocks cropping out at Nanaimo, a sketch map

of the area, and a list of collected fossils which he ascertained to be

of Cretaceous age.

James Richards (1872, 1878) of the Canadian Geological Survey

conducted the first in depth investigations. Based on four years spent

in the coal fields along the east coast of Vancouver Island, his work

distinguishes three basins of deposition: Nanaimo, Cowichan, and

Comox, established the general succession, and included detailed

stratigraphic sections of the Cretaceous beds in the Comox area.

Dawson (1890), following work in the Suquash area, proposed the name,

Nanaimo Group, for all upper Cretaceous rocks in the region.
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From 1908 to 1917 C. H. Clapp studied in detail the geology of

southern Vancouver Island. He mapped the geology, constructed cross

sections, compiled measured and described sections (Clapp 1911,

1912). In studies of the Nanaimo Map Area, Clapp (1914) designated

and formally named eleven lithostratigraphic units which overlay a

basement complex possessing recognizable relief. He found that the

units underwent abrupt lateral facies changes and doubled in thickness

from Nanaimo to Saturna, Mayne, and Galiano Islands, thus resulting

in correlation difficulties. Clapp ( 1914) perceived this succession of

conglomerate-sandstone formations and mudstone formations as com-

parable to the units recognized by Richardson in the Comox Basin

(Figure 3).

Mackenzie (1922) and Williams (1924) continued work in the

Comox Basin. In an unpublished paper, Williams proposed formal

names for Richardson's informal formational units.

Usher (1919, 1952), from the ammonite fauna of the Nanaimo

Group, developed the first biostratigraphy for the basin. Bell (1957),

based on the study of available plant fossils, made certain conclusions

about age and correlation. McGugan (1964), from foraminiferal studies

of marine mudstones, established a biochronologic correlation for the

Cretaceous rocks on Vancouver Island. Indirectly, his study indicated

that the productive coal seams of the Comox and Nanaimo Basin were
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not formed at the same time. Crickmay and Pocock (1963), using age

determinations based on fossil pollen and spores, substantiated and

concurred with McGugan's biostratigraphy.

Muller and Jeletzky (1970) made an extensive geologic survey of

the Nanaimo Group represented on Vancouver Island and the Gulf

Islands. Their work, along with that of Clapp (1914), has become the

standard reference on the Nanaimo Group. Muller and Jeletzky (1970)

recognized the repetitive nature of the conglomerate-sandstone and

mudstone couplets and concluded that they represented four successive

transgressive sedimentation cycles. Determining that the sedimento-

logic differences between the deposits of the Comox and Nanaimo basin

represented facies changes rather than separate sedimentation histories,

Muller and Jeletzky presented modified and standardized formation

names for the units exposed in the two basins. In addition, the first

comprehensive geologic map (1;250, 000) was compiled by Muller and

Jeletzky.

The most recent work on the Nanaimo Group consists of the

detailed stratigraphic, paleoenvironment, and structural studies by

graduate students from Oregon State University. The paleoenviron-

ments of the Cretaceous rocks of Gabriola Island were studied by

Packard (1972). Rinne (1973) emphasized the Cretaceous stratigraphy

in his investigation of the geology of the Duke Point-Kulleet Bay area,
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east shore of Vancouver Island. Simmons (1973) focused on the strati-

graphy and depositional paleoenvironments in his examination of Thetis

and Kuper Islands. Hudson (1974) emphasized the stratigraphy and

paleoenvironments of the Cretaceous rocks in his geologic study of

North and South Pender Islands. Sturdavant (1975) restricted himself

to an analysis of the sedimentary environments and structure of the

Cretaceous rocks of Saturna and Tumbo Islands. Hanson (1975,

unpublished doctoral thesis) conducted a thorough study on the geology

of Saltspring Island.
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STRATIGRAPHY

Regional Stratigraphy

Stratigraphic Succession

Vancouver Island and the northern Gulf Islands lie along the

southwestern margin of the Insular tectonic province, a rectilinear

belt of largely unmetamorphosed and low-grade metamorphic, sedimer-

tary, and volcanic strata. Three major pre-Cretaceous sequences,

Sicker Group, Vancouver Group, and Island Intrusions, comprise the

basement complex. Adjacent to the Nanaimo Basin, exposures of

basement rocks occur on central southern Vancouver Island and south-

eastward across the northern Gulf Islands, Saltspring, Portland, and

Moresby Islands, into the northern Cascade Mountains and San Juan

Islands.

Nonconformably overlying the basement complex are the

Cretaceous (Santonian to Maestrichtian) conglomerates, sandstones

and mudstones of the Nanaimo Group. The Nanaimo Group extends

from Campbell River, Vancouver Island southeastward 150 miles to

Orcas Island, Washington and covers 1, 500 square miles (Usher, 1952).

The rock sequence has thicknesses ranging between 4, 900 and 13, 500

feet (Muller and Jeletzky, 1970).
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Sicker Group

The Pennsylvanian to Permian Sicker Group, named by Clapp

and Cook (1917) for the porphyritic andesites on Mount Sicker, in the

Chemainus District of southeastern Vancouver Island, has been

divided into three members (Muller and Carson, 1969). The basal

member consists of metavolcanics, predominantly greenstones and

greenschists, and exceeds 10, 000 feet in thickness. Source rocks wer

pyroclastics of andesitic composition. Overlying the metavolcanics is

the middle member, 1, 000 to 2, 000 feet thick of moderately metamor-

phosed graywacke sandstones, argillites and conglomerates. Uncon-

formably above the metasediments of the middle member, the upper

1, 000 feet of the Sicker Group consists of metamorphosed limestones

and cherts. This upper member has been named the Battle Lake

Formation.

The entire rock sequence has been intruded by rocks of granitic

composition. The intrusions have been radiometrically dated as late

Paleozoic and are known as the Tyee Intrusions (Muller 1975).

Vancouver Group

Unconformably overlying the Sicker Group is the Triassic to

Early Jurassic age Vancouver Group that consists of metamorphosed

sediments and volcanics belonging to the Karmutsen Formation,
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Quatsino Formation and Bonanza Subgroup (Muller and Carson, 1969).

The Karmutson Formation 7, 000 to 20, 000 feet thick, is predominantly

composed of pillow basalts, pillow breccias and basalt flows of sub-

greenschist metamorphic rank. Limestones interbedded with lavas are

prominent in the upper 1, 000 feet of the sequence. Chemically, the

volcanic rocks resemble oceanic basalts in both major and minor

elements (Monger, Souther, and Gabrielse, 1972). Massive to thickly

bedded and metamorphosed limestones of the Quatsino Formation overlie

the Karmutsen Formation. Muller and Carson (1969) have estimated

thicknesses for the Quatsino Formation to be between 500 to 1, 000 feet.

Conformably overlying the Quatsino Formation, the Bonanza Subgroup,

2, 000 to 3, 000 feet thick, has a lower sequence of metamorphosed

limestones and argillites and a upper sequence of calc-alkaline, dacites,

and pyroclastic rocks.

Island Intrusions

The Sicker Group and Vancouver Group have multiple intrusions

of granitic composition. Collectively these granodiorite to quartz

monzonite plutons are known as Island Intrusions. Radiometric dating,

using potassium-argon techniques, gives a Middle Jurassic (160

million year B. P. ) time of emplacement.
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Nanaimo Group

Nanaimo Group deposition was centralized in five basins,

Nanaimo, Cowichan, Comox, Alberni, and Suquash, with major sedi-

ment accumulation limited to the Nanaimo and Comox basins (Figure 1).

The Comox Basin encompasses the Cretaceous rocks along the coastal

strip of Vancouver Island between Campbell River and Bowser. The

Nanaimo Basin, as defined by exposures of Cretaceous rocks, extends

from the vicinity of Nanaimo to the south and southeast through the

Gulf Islands.

The stratigraphic studies of Hanson (1975) on Saltspring Island

and the regional work of Muller and Carson (1969) covering Portland

and Moresby Islands indicate the basement rocks in the Nanaimo and

Cowichan basins consist of the metamorphosed volcanics and sediments

of the Sicker Group and crystalline rocks of the Island Intrusions. From

outcrop and drillhole data, the underlying rocks in the other basins are

the Karmutsen meta-volcanics and locally volcanics of the Bonanza

Subgroup.

The basal unconformity below the Nanaimo Group represents a

considerable erosional interval. This irregular interface portrays

the development of considerable relief, with 5 to 10 foot vertical rock

faces buried by basal Cretaceous sediments observable in outcrop

(Muller and Jeletzky, 1970).
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The Cretaceous sediments of the Nanaimo Group have been

divided into nine formations by Muller and Jeletzky (1970). Recognizing

the apparent cyclicity of conglomerate-sandstones with mudstones, the

strata were further organized into four successive transgressive cycles

overlain by a non-marine sandstone. As conceived by Muller and

Jeletzky the formations and cycles, from youngest to oldest, are as

follows:

Fifth Cycle (incomplete)

Deltaic -- Gabriola Formation
600 to 3, 000 feet of sandstone, conglomerate, and minor

mudstone
disconformity

Fourth Cycle

Marine -- Spray Formation
330 to 1, 770 feet of mudstone, siltstone, and minor

sandstone.

Deltaic -- Geoffrey Formation
400 to 1, 500 feet of sandstone, conglomerate, and minor

mudstone
disconformity

Third Cycle

Marine -- Northumberland Formation
250 to 1, 000 feet of mudstone, siltstone, and minor

sandstone.

Deltaic -- DeCourcy Formation
130 to 1, 400 feet of sandstone, conglomerate, and minor
mud stone

disconformity
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Second Cycle

Marine -- Cedar District Formation
1, 000 feet of mudstone, siltstone, and minor sandstone.

Deltaic to Lagoonal -- Extension-Protection Formation
200 to 1, 900 feet of conglomerate, sandstone, minor

mudstone and coal.

disconformity

First Cycle

Marine -- Haslam Formation
100 to 500 feet of mudstone, siltstone, and sandstone.

Lagoonal to fluvial -- Comox Formation
100 to 1, 300 feet of sandstone, mudstone, conglomerate,
and coal.

The most recent work in the Nanaimo Basin has been by Oregon

State University graduate students. Their work supports, as an alter-

native to transgressive sedimentation cycles, a deltaic depositional

model with the absence of erosional intervals between succeeding

cycles of sedimentation. This change in paleoenvironment interpreta-

tion does not negate or require extensive modification of the Nanaimo

Group formations established by Muller and Jeletzky.

Local Stratigraphy

Stratigraphic Succession

In the Galiano Map area, consisting of Galiano, Gossip, and

Parker Islands, four formations of the Late Cretaceous age Nanaimo
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Group are exposed. Southwest to northeast across the map area, and

oldest to youngest, the formations are: Geoffrey, Northumberland

(as a tongue in the Geoffrey), Spray and Gabriola. These formations

represent the upper part of the third, fourth, and incomplete fifth

sedimentation cycles of Muller and Jeletzky (1970). Alternatively,

in the context of a deltaic fan model, these formations would represent

two separate progradational stages of delta development. Suggestive

of deltaic deposition are: 1) the thick sedimentary succession of

marine and non-marine formations which establish repreated cycles

of upward-coarsening grain size, 2) intertonguing of marine and non-

marine formations, 3) correspondence of sedimentary structures to

differing depositional modes, and 4) similarities of rock sequences

and deposit geometry to those of ancient and modern deltas.

Geoffrey Formation

Nomenclature

The Northumberland Formation originally consisted of three

members, a coarse clastic middle member and mudstone upper and

lower members (Clapp, 1911, 1914; Usher, 1959). Muller and

Jeletzky (1970) considered the sandstone and conglomerate middle

member to represent part of a transgressive cycle and, as with the

other coarse clastic units, deserving of formation,al status.
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Regional correlation indicated the middle member to be coeval to the

thick sandstones and conglomerates of Mount Geoffrey on Hornby

Island in the Comox Basin. In 1952 Usher named these sandstones and

conglomerates the Geoffrey Formation after the Mount Geoffrey locality.

He also noted their similarity to the rocks underlying Mount Sutil on

Galiano Island. Muller and Jeletzky therefore extended Usher's forma-

tional name, Geoffrey Formation, to the middle member of Clapp's

Northumberland Formation occurring in the Nanaimo Basin. The lower

and upper mudstone members were also elevated to formation status.

The lower mudstone member retained the original formation name,

Northumberland, and the upper member was named the Spray Forma-

tion. Thus the present sequence is Northumberland Formation,

Geoffrey Formation, and Spray Formation.

Distribution

The Geoffrey Formation is distributed in a southeast to north-

west belt across the south end of Galiano Island and Parker Island

(Plate I, Figure 4). The south end of Galiano Island has continuous

shoreline exposures both along and across the strike of the formation.

Strike exposures occur from Mary Anne Point to Phillimore Point.

Here the formation crops out in the antidip slopes of asymmetrical

ridges, eroded to form sea cliffs along Trincomali Channel and Active

Pass. The sea cliffs range in height from 200 feet to the 400 foot
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Figure 4. Geoffrey Formation distribution and sample sites for modal analyses, sieve analyses, and pebble counts.
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ridge on which picturesque Bluff Park is located. However, the two

most impressive vertical expanses of the Geoffrey Formation occur in

the antidip slopes of Mount Sutil (elevation 1060 feet) and Mount Galiano

(elevation 1121 feet). The steep, nearly vertical shore faces of these

cliffs merge with the channel waters and prohibit ready accessibility

on foot. Restricted in the nature and accuracy of the information

obtained, the best and safest method of examining these exposures is

by using binoculars from a boat. The dip slopes of the Geoffrey For-

mation ridges underlie the southeast one-third of the island. Formation

dips range from 10 degrees to 22 degrees and average 18 degrees

northeast. Perpendicular to the strike, exposures allowing examina-

tion and description of vertical changes in the Geoffrey Formation

occur from 1) Mary Anne Point to Burrill Point along the northern end

of Active Pass, and 2) Phillimore Point to Winstanley Point along the

southeastern entrance to Montague Harbour (Plate 1). The erosional

resitivity of the sandstones and conglomerates is expressed by the

precipitous cliffs and shoreline exposures. A high degree of erosional

resistance is also emphasized by interior outcrops of the formation in

small ridges, hills, and cliffs. Fresh exposures are found in and

adjacent to road cuts, in beds of intermittent streams, and in the

gravel pit on Georgeson Bay road.

The predominant formation exposed on Parker Island is the

Geoffrey Formation. The only other formation represented is the



28

Northumberland Formation. The Northumberland is present as a

mudstone tongue enclosed in the Geoffrey Formation and crops out

along the northeast coastline and on the islet off the northeast coast of

Parker Island. Along the Trincomali Channel, the Geoffrey Formation

is exposed in the antidip slopes of asymmetrical ridges. The dip slopes

of these ridges extend to the northeast coast of Parker Island. Lack of

a road system and dense vegetation restrict good interior exposures of

the Geoffrey Formation on both Parker and Galiano Islands.

Contact Relations

The basal contact of the Geoffrey Formation with the Northumber-

land Formation lies below the waters of the Trincomali Channel and is

not exposed in the map area. On North Pender Island, Hudson (1974)

describes the contact between the Geoffrey and Northumberland Forma-

tions as sharp and gently undulatory at Colstone Cove to scour-and-fill

on the west side of Clam Bay. He observes that the two formations

intertongue, with the lower contacts of the Geoffrey tongues being sharp,

and the upper contacts gradational. Hudson also notes an increase in

sandstone bed thicknesses upward in the mudstone- siltstone- sandstone

sequence of the Northumberland. He suggests that the increase in

sandstone bed thickness toward contacts with tongues of the Geoffrey

Formation represents a transition from marine up to fluvial deposi-

tional processes.
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Simmons (1973), from work on Thetis and Kuper Islands, reports

a similar complex stratigraphic relationship between the Geoffrey and

Northumberland Formations. Mudstones of the Northumberland may

be observed intertonguing with sandstones of the Geoffrey Formation

at North Cove on Thetis Island and, farther south, at Active Point on

Kuper Island. The lower contacts of the Geoffrey tongues, Simmons

reports, are sharp, almost planar, and conformable. The upper con-

tact relationships of the Geoffrey Formation tongues differ from those

observed by Hudson on North Pender. The upper contacts on Thetis

and Kuper Islands are sharp and conformable. Simmons also suggests

the interval consisting of Geoffrey Formation and Northumberland

Formation tongues represents a transition from marine to fluvial

depositional processes.

In the Galiano Island map area (based on the exposures of the

formations on Parker Island and from Phillimore Point to Winstanley

Point on Galiano Island) the stratigraphic and contact relationships

between the Geoffrey and Northumberland Formations appear to be

analogous to those described by Simmons. The Geoffrey Formation

is projected from the Mount Sutil exposures across Phillimore Point

and Parker Island as a tongue in the Northumberland Formation.

Previous workers have suggested the formation on Parker Island is

the De Courcy Formation. However, correlation of the Geoffrey

Formation between Phillimore Point and Parker Island is preferred
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based on Geoffrey Formation trend, and petrographic similarity

between the rocks on Parker Island and rocks of the Geoffrey Formation

on Galiano Island.

Northeast of the Geoffrey Formation tongue, the Northumberland

Formation, forming the northeast coastline of Parker Island and under-

lying the islet off the coast, extends to the vicinity of Payne Bay on

Galiano Island (Plate I, Figure 4). At Payne Bay the formation inter-

fingers with and pinches out in the Geoffrey Formation. The contacts

between the Northumberland Formations tongues and the underlying

Geoffrey Formation tongues are sharp and planar to gently undulatory.

The upper formational contact between the Northumberland For-

mation tongue and the overlying Geoffrey Formation is not clear. The

main body of the Geoffrey Formation, which crops out in the vicinity

of Winstanley Point, extends northwestward into the channel waters

separating Parker Island and Galiano Island, thus obscuring the exact

contact relationship. However, based on the presumed contact of the

Northumberland Formation and the overlying Geoffrey Formation on

the islet off the northeast coast of Parker Island, and the contact

exposed in the small re-entrant southeast of Winstanley Point, the

contact of the main body of the Geoffrey Formation and the Northumber-

land Formation tongue is probably sharp. There is an upward increase

in the thicknesses of interbedded sandstone in the mudstones of the

Northumberland Formation on approaching the lower contacts of the
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Geoffrey Formation. The increased amount of sandstone is suggestive

of a gradual change from marine upward to fluvial depositional condi-

tions.

The upper contact of the Geoffrey Formation with the overlying

Spray Formation is similar to the lower contact with the Northumber-

land Formation. From Scoones Point to Burrill Point on the south end

of Galiano Island, the two formations intertongue. Both upper and

lower contacts between tongues are sharp, and they are planar to

gently undulatory. Westward, the contact is exposed at the base of the

600 foot hill above and southeast of Montague Harbour. At this location

the contact between the Geoffrey Formation and the Spray Formation is

apparently conformable, sharp but gently undulatory. In Montague

Harbour the contact is covered by recent marine muds. However, the

upper surface of the uppermost Geoffrey sandstone is planar and the

contact is considered to be conformable.

General Stratigraphy

The Geoffrey Formation crops out in an arcuate belt across the

southeast one-third of the south end of Galiano Island. The belt is

thickest in the middle of the arc, approximately the site of Mount

Galiano, and thinnest at the arc ends. Based on vertical and lateral

variations in sedimentary features and rock texture and minerology,
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the Geoffrey Formation is tentatively divided into three informal

members or facies: a middle fluvial conglomerate member and upper

and lower marine sandstone members (Figure 4).

Muller and Jeletzky (1970) reported a fluvial interval in the

Geoffrey Formation on Mayne Island. Simmons (1973) on Thetis and

Kuper Islands and Hudson (1974) on North and South Pender Islands

also recognized a fluvial conglomerate interval in the Geoffrey Forma-

tion. The conglomerates do not occur as a distinct and separable inter-

val throughout the Gulf Islands. Sturdavant (1975) records no conglom-

erates in the Geoffrey Formation on Saturna Island and Packard (1972)

reports only minor sandstones in the conglomeratic Geoffrey Formation

on Gabriola Island. Following the convention of other workers in the

Gulf Islands, the Geoffrey Formation is not divided into informal

members on the geologic map of the area (Plate 1). However, Figure

4 does show this tripartite division of the Geoffrey Formation. The

importance of these intervals is in associated paleoenvironmental

interpretations. Whether the conglomerates reported from North and

South Pender Islands, Thetis and Kuper Islands, and Gabriola Island

are time equivalents of the conglomerates on Galiano Island is not

ascertainable.
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Lower Member

On the southwest coast of Parker Island, at Phillimore Point,

and on the shoreward face of Mount Sutil and Mount Galiano, the

lower Geoffrey Formation member is well exposed (Figure 5). The

base of the member is not exposed. The contact of the lower member

with the overlying middle member varies. Along the shore face of

Mount Sutil and Mount Galiano, the contact of the lower member with

the middle member is sharp, scour-and-fill. Toward Phillimore

Point, the lower sandstone member and middle conglomerate member

intertongue. Top and bottom contacts between tongues are gradational.

On Parker Island, the contact of the lower and middle members is less

certain. The only conglomerate is interbedded in the sandstones of the

lower member (Figure 6).

The lower member thins southeastward from Parker Island to the

vicinity of Mount Galiano. Farther to the southeast the member is

covered by water. However, the preponderance of sandstone in the

Geoffrey Formation on the east side of Mayne Island and the lack of

conglomerates in the sandstones of the Geoffrey Formation on Saturna

Island suggest the lower member again thickens. Exact thickness

variations between localities could not be obtained.

Sedimentary structures observed in the lower member include:

parallel laminations, graded beds (6 inches to 15 feet thick), recumbent
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Figure .5. Lower sandstone member of the Geoffrey Formation with "galleries" or wave-cut
notches located 1/8 miles southeast of Winstanley Point, Galiam Island. Cliff is
approximately 60 feet high.
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Figure 6. Interbedded sandstone gradations) to mudstone (SO teei thick) and conglomerate ( 15
feet thick) in lower Geoffrey Formation member on the southeast tip of Parker Island
along Trincomali Channel. Contact of the conglomerate with underlying sandstone

to mudstone bed is sharp, and planar to gently undulatory.
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slump folds, and scour channels up to two feet wide and five inches

deep. ''Galleries'' or wave-cut notches are common weathering

features in the sandstones along the coast where the rock is subjected

to the erosive power of ocean waves and sea spray.

Middle Member

The middle conglomerate member runs the length of the south

end of Galiano Island (Figure 4). The member is characterized by

poor sorting, less sandstone and corresponding thicker conglomerates

than the lower and upper sandstone Geoffrey members. Muller and

Jeletzky (1970) have estimated the thickness of the Geoffrey Formation

on the southeast face of Mount Galiano and Mount Sutil at 1500 feet.

This section, consisting of gravel-filled channels, conglomerate beds

and rare sandstone lenses, comprises only the middle member

(Figure 7). The thickness is the maximum for the conglomeratic

middle member in the map area. From Galiano Island, conglomerates

are distributed in a half circle to the south southwest with exposures

on Saltspring, Prevost, North Pender, and Mayne Islands. Coastal

exposures on Galiano Island strongly suggest the conglomeratic member

thins and grades southeast into the combined lower and upper sandstone

members near the southeast end of Mayne Island, and toward the

northwest near Winstanley Point on Galiano Island. The best exposures

of the middle member are at Winstanley Point, on the shore side of
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Mount Galiano, and at Mary Anne Point. The contact of the middle

member with the underlying lower member has been described under

the discussion of the Lower Member. At Winstanley Point and Mary

Anne Point the conglomerates of the middle member are interbedded

with sandstones of the upper member. Bedding contacts are grada-

tional to sharp and planar. From Mary Anne Point toward Georgeson

Bay and Mount Galiano the middle and upper members intertongue

(Figure 8). Upper and lower contacts between tongues generally are

gradational, but rarely are sharp and planar.

Sedimentary structures observed in the middle member include:

gravel-filled channels--10 to 20 feet deep and 30 to 100 feet wide--

and imbrication, both of which furnish valuable paleocurrent indicators

(Figure 9). Other sedimentary features are: debris flows or mudstone

conglomerates composed of angular mudstone boulders and blocks

(observed at Georgeson Bay), and graded bedding. The channels and

structureless bedding are the most distinctive features of the member.

Upper Member

The upper member of the Geoffrey Formation crops out on the

coast from Mary Anne Point to Burrill Point along Active Pass

(Figure 4). Here the sandstone member is 582. 5 feet thick (Appendix

D). Five miles northwest it is approximately 450 feet thick.
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Figure 7. Middle conglomerate mem ear of the Geoffrey Formation below Mount Galiano, Galiano

Island. Note the conglomerates are channeled into the underlying lower sandstone
member of the Geoffrey Formation.
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Figure 8. Distinctly bedded and graded, medium pebble concentrate to coarse-grained sandstones
of the upper Geoffrey Formation member at Mary Anne Point, Galiano Island.
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Resembling the lower member, the upper member is predominantly

sandstone, but is more conglomeratic.

The contact of the upper member with the middle member has

been described under the discussion of Middle Member. The contact

of the upper member with the overlying Spray Formation is described

under Contact Relations.

At Scoones Point, the upper member contains zones 6 feet to 12

feet thick of angular and elongate mudstone clasts 1 to 6 inches in

length. The clasts of these penecontemporaneous breccias clearly

resemble both the Northumberland and Spray formations mudstone lith-

ologies. These mudstone formations, which are locally slumped, have

contorted strata from intrastratal slippage or from undercutting of

mudbanks in current-scoured channels and must have provided the

clasts of cohesive mud "ripped up" from semi-consolidated deposits.

Besides mudstone breccias, other sedimentary structures include:

scour channel structures on the top of sandstone beds with trough cross-

stratification, small channelets 2 inches to 4 inches deep by 6 inches

to 12 inches wide with associated trough cross-lamations, flames, con-

torted bedding, sandstone concretions, parallel laminations, and graded

bedding. Soft sediment deformational structures are more common than

in the lower sandstone member. At Scoones Point a unique type of

structure, involving two "anticlines, " occurs in the upper Geoffrey

member (Figure 10). The "anticlines" are 2 feet to 5 feet high and 3
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Figure 9. Imbrication in the middle conglomerate member of the Geoffrey Formation below the
southwest face of the southwest face of the 600 foot hill overlooking Montague Harbour,
Galiano Island. Current direction was to right (northeast).

Figure 10. "Anticline" or sandstone diapir in the upper sandstone member of the Geoffrey Formation
at Scoones Point, Galiano Island.
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feet to 9 feet wide. They strike N. 700 E. with a 430 plunge to the

E. N. E. , and N. 050 E. with a 280 plunge to the north. These pene-

contemporaneous deformation structures are thought to have formed

by the rapid loading of sands overlying muds, overpressuring of the

sands by escaping pore water from the underlying compacting muds,

and subsequent injection of the sands into the semi-consolidated over-

lying sediments. The mudstone breccias, scour channels and ''anti-

clines'are the most distinctive and interesting features of this member.

Lithology

Formation sections and thicknesses

Two sections of the Geoffrey Formation were measured and

described. A section encompassing the upper Geoffrey member and

part of the middle Geoffrey member was measured from Mary Anne

Point to Rip Point (Plate 1, Appendix D. ) The other section was

measured from Phillimore Point to Payne Bay and included that part of

the lower member of the Geoffrey Formation which intertongues with

marine mudstones of the Northumberland Formation (Plate 1, Appendix

B. ). Besides these two sections, Muller and Jeletzky (1970) measured

a 1, 500 foot thick section of the Geoffrey Formation on the southeast

face of Mount Galiano and Mount Sutil. At no point is a complete

section of the Geoffrey Formation measurable. The apparent total
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thickness of the formation exposed in the map area approximates the

1, 500 feet reported by Muller and Jeletzky. This figure is in agree-

ment with the thickness of the formation recorded in the section from

Mary Anne Point to Rip Point (Appendix B. ).

Outcrop Aspect

The Geoffrey Formation is composed of conglomerates, sand-

stones and subordinate mudstones. Geoffrey conglomerates include

two main types: 1) conglomerates or breccias containing intraclasts of

locally derived mudstone, and 2) conglomerates containing extra-

basinally derived well rounded and poorly sorted clasts predominantly

of chert, quartzite, and granites. The first type of conglomerate is

common to the middle member, rare in the upper member, and absent

in the lower member. The second type of conglomerate is the dominant

lithology of the middle member and is rare in the upper and lower

members. Type one conglomerates weather to colors of light yellowish

gray (5Y 8/ 1) in gross aspect. The type two conglomerates weather to

colors of olive gray (5Y 4/ 1) to yellowish gray (5Y 7/2). The associated

sandstones are medium-to coarse grain size, moderately sorted,

micaceous arkosic wackes composed of angular to subangular particles.

The sandstones weather to colors from light gray (N 8) to pale yellowish

brown (1OYR 6/2) and on fresh surfaces have colors of light bluish gray

(5B 6/ 1):toyellowish gray (5Y 8/2). The mudstones are limited to the
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lower Geoffrey member and occur as rare interbeds 6 inches to 30

inches thick in this predominantly sandstone member. The mudstones

weather to colors of dark gray (N 3) to medium dark gray (N 4) and on

fresh surfaces have colors of medium gray (N 5) to light gray (N 7).

They are non-calcareous, laminated (2 to 10 per inch), and weather in

chips 1/4 to 1/2 inch thick where not directly exposed to ocean waves.

Bottom contacts with underlying sandstone beds are gradational over 1

to 4 inches, and rarely sharp and planar. Top contacts with overlying

conglomerate or sandstone beds are sharp, planar to gently undulatory.

The lower Geoffrey member has a minimum measured thickness

of 299. 5 feet measured in an incomplete section at Phillimore Point

(Appendix B.) and consists of bedded conglomerates, sandstones, and

minor mudstones. The sandstone and conglomerate beds are 4 to 25

feet thick. Lower contacts are sharp and planar; upper contacts are

gradational over 1-4 inches to mudstone where mudstone overlies sand-

stone, and rarely sharp and planar. Mudstone beds are 6 to 30 inches

thick. The conglomerates at places grade upward into sandstone; else-

where they are overlain in sharp and planar to scour-and-fill contact by

the succeeding sandstone bed.

The middle Geoffrey member has a minimum measured thickness

of 1, 500 feet measured by Muller and Jeletzky (1970) and consists of

conglomerates and minor amounts of sandstone. The conglomerates

are predominantly type two, although locally, as at Georgeson Bay,
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type one conglomerates are prominent. The type one conglomerates

appear to be most common near the contact between the middle and

upper members. Lower contacts of the conglomerate with underlying

conglomerate or sandstone are sharp, planar to gently undulatory, or

scoured. Upper contacts of the conglomerates with overlying conglom-

erate are sharp and planar to gently undulatory or scoured. Less

commonly, conglomerates grade upward into sandstone beds over inter-

vals of 2 inches to 4 inches. Contacts between the sandstones and

overlying conglomerates are sharp and planar to gently undulatory or

scoured.

In the middle member the type and prominence of sedimentary

structures change upwards. Along the coastal face of Mount Galiano,

differential erosion between the middle member and the underlying

lower sandstone member has enhanced the relief of gravel-filled channels.

The channels superimposed or imbricated (Bluck and Kelling 1963) have

irregular profiles comprising two or more overlapping erosional lobes

and are of variable size (Figure 7). Dimensions range form 30 feet

to 100 feet wide and between 10 and 45 feet deep. In general, channel

width to height exceeds a ratio of 3:1. Imbrication or pebble elongation

is missing and bedding is indistinct or absent in the channel gravel-fill.

Higher in the section channels are not discernible and the conglomerates

are structureless or indistinctly and irregularly bedded. Imbrication

and/or pebble elongation is also lacking. In the upper 1/4 to 1/3 of the



44

middle member the conglomerates are bedded. The pebbles and

cobbles are imbricated and/or have pebble elongation. Upper and

lower contacts between succeeding conglomerate beds are sharp and

planar to undulatory. Less commonly, conglomerates grade into

sandstone beds. Contacts between the sandstone beds and overlying

conglomerates are sharp and planar to undulatory.

Throughout the middle member are irregularly distributed lenti-

cular beds of sandstone ranging from 1 to 2 feet long and 1 to 6 inches

thick to beds extending beyond outcrop exposure and 1 to 5 feet thick.

The sandstones are similar to those of the upper and lower members

in color, composition, and texture and are thought to be distributary

channel sands.

The upper Geoffrey member has a minimum measured thickness

of 582. 5 feet measured in the section from Mary Anne Point to Burrill

Point (Appendix D. ). The upper member differs from the lower mem-

ber in lacking mudstones and the occurrence of both one and two types

of conglomerate. The predominances and lithologic character of the

sandstone is essentially the same for both upper and lower members.

The sandstones and conglomerates are distinctly to indistinctly bedded.

Where bedding is discerned, bed thicknesses range from 1 to 30 feet.

Lower contacts of the sandstone beds with underlying sandstone are

sharp and planar to scour-and-fill. Upper contacts of the sandstone

beds with overlying sandstone are gradational or sharp and planar to
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scour-and-fill. Where gradational, the contact occurs over a 1 to 6

inch interval. The sandstones are structureless to parallel laminated

and are normally graded. Bedded conglomerates locally are normally

graded from cobbles to sands. More detailed information is available

in the measured and described section (Appendix D. ).

Rock texture--size and shape data

Conglomerate (excluding the mudstone "ripup" type) is dominant

in the middle Geoffrey member and occurs primarily in channel deposits.

The largest clast observed, 3 feet long, is from the basal part of the

middle member on the coastal face of Mount Galiano. Most of the

larger clasts are 4 inches to 9 inches long. To determine if a recog-

nizable geographical pattern of cobble-pebble size distribution exists

in the Geoffrey Formation of the map area, the five largest clasts at

seven outcrop localities in the middle member were measured. There

emerged a clear systematic distribution of clast size (Figure 11). At

the base of the southeast coastal face of Mount Galiano, the conglom-

erate is very coarse with a maximum clast average of 10 inches in

length. Northwest and southeast of the Mount Galiano locality, the

conglomerate is less coarse with maximum clast averages of 6 inches

and 4 inches in length respectively. Upward in the middle member clast

size in the conglomerate also decreases. The average of the maximum

clast size is approximately 4 inches in length.



Figure 11. Middle Geoffrey Formation member locality and magnitude plot for five largest clast means.
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Sandstones of the Geoffrey Formation are similar to each other

in grain size, sorting and shape. Appendix I. summarizes five analyses

representing different treatments. The results were calculated by Folk

and Ward (1957) equations. Matrix and shape were determined from

thin section. Matrix averages between 11.3 and 18. 7 percent but is

difficult to determine accurately. Diagenetic alterations of feldspar

particles and volcanic fragments tend to increase the amount of clay-

silt-size fraction observed in thin section and sieve analyses. Sorting

variesfrom moderately sorted (1. 12) to poorly sorted (1.41). Sands

fall into the coarse to medium grades and are subangular to subrounded

with intermediate sphericities.

A recognizable geographic pattern of sandstone sorting exists in

the map area. Sands of the upper and lower Geoffrey members, which

intertongue with the Spray Formation mudstones and the Northumberland

Formation mudstones respectively, are medium-grained, poorly sorted

(average 1. 37), with 12 to 18. 6 percent matrix. Parts of the upper and

lower Geoffrey members which do not intertongue with the Spray and

Northumberland Formations have sands which are coarse- to medium-

grained, moderately sorted (average 1. 15), with 11. 3 to 18. 1 percent

matrix.
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Rock texture--size analyses data

Graphical plots of statistical size parameters established by

Friedman and Sahu to determine ancient depositional processes have

been applied to the Geoffrey Formation sands. Size analysis indicates

that the standard deviations for the Geoffrey Formation are too large

for eolian and in most cases for surf deposition (Appendix J. ). Low

degree of rounding and abundant mica also support a non-eolian or surf

transport agent. Five complete analyses are summarized in Appendix

The Geoffrey poor-to-moderate sorting characteristics strongly

suggest fluvial or shelf tractive currents. Plotted on Sahu's (1964)

log-log discrimination diagrams for environments of deposition, four

of the sands (12, 8, 6, 4) fall in deltaic fluvial range and one sand

(K gf13) in the turbidite region (Appendix K. ). Coarsest first percentile

versus median diameter (C-M) plots (Passega 1957) produce supportive

results. Sandstone sample 13 again lies in the region of turbidity cur-

rents whereas all other sand samples fall near or in the region of

river tractive currents (Appendix J. ).

1.
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Petrography

Conglomerate Composition

Pebbles from outcrops of the Geoffrey Formation conglomerates

were collected at four sites (Figure 4). Conglomerate pebbles, exclud-

ing the angular mudstone conglomerates, are of varied rock types and

relative weathering resistance. Chert pebbles (18 percent) and quart-

zite pebbles (21 percent) are the predominant resistant clast types;

diorite to monzonite (19 percent) and granitic (13 percent) rock frag-

ments are most common of the less resistant clast types. Foliated

metamorphic, andesitic, greenstone, vein quartz, rhyolite, and basalt

rock fragments are also present. Pebble count data is summarized in

Figure 12 (also see Appendix F. ).

Sandstone Composition

Sandstone samples from the Geoffrey Formation were collected

at 15 sites. Modal analysis was performed on seven of these samples.

Point count data is summarized in Appendix E. Results of modal

analysis coupled with sieve analysis indicate the Geoffrey sandstones

are texturally and compositionally immature. The sandstones are

arkosic, micaceous wackers (Figure 13), with matrix contents ranging

from 11. 3 to 18. 7 percent. Stable chert and quartz comprise about 32

percent of the sand grains. Approximately 3/4 of the stable constituents

are quartz, of which 1/2 show undulatory extinction. All of the quartz
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Figure 12. Histograms of rock types of pebbles. from gravel channel-fill in the middle Geoffrey
Formation member.
1. chert
2. granitic (granite, monzonite, granodiorite)
3. other igneous (rhyolite, andesite, basalt, greenstone)
4. quartzite
5. foliated metamorphics
6. vein quartz
7. low-grade metamorphosed mudstone and sandstone
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Quartz, chert, quartzite

Feldspar Mica, rock fragments

K gf7 : Lower Geoffrey Formation member (Phillimore Point, Galiano Island).

K gf13: Lower Geoffrey Formation member (Wilmot Head, Parker Island).

K f15: Lower Geoffrey Formation member (southeast tip of the islet off the northeast coast
g of Parker Island).

K f4 Upper Geoffrey Formation member (Mary Anne Point area, Galiano Island).
9

K gf5 Upper Geoffrey Formation member (Burrill Point area, Galiano Island).

K
gfb

Upper Geoffrey Formation member (Gray Peninsula area, Galiano Island).

Figure 13. Classification of Geoffrey Formation sandstones (after Gilbert, 1954).



52

is relatively free of inclusions. Polycrystalline quartz averages 3. 5

percent; it is pure, non-foliated with an interlocking texture which is

suggestive of a vein quartz source. All sandstones are very feldspathic

and contain conspicuous biotite and some muscovite flakes. Feldspar

averages 37 percent of the framework grains with both fresh and

altered feldspar occurring in the same sample. The potassium feld-

spars (orthoclase, subordinate microcline) are commonly more

thoroughly sericitized than the plagioclase feldspars (oligoclase, ande-

sine, subordinate albite). Calcium-rich feldspars, forming under

temperature and pressure conditions at a greater disequilibrium with

surface conditions than potassium-rich feldspars, have a more dis-

ordered crystal structure and are more easily weathered. This is

suggested by Bowen's reaction series and the crystal structure of the

feldspars. Coupled with the structural weakness of twinned surfaces

in plagioclase, the greater sericitization of the potassium feldspar

compared with the calcium feldspars suggests a greater transport

distance for the potassium feldspar. The feldspars also commonly

have kaolinite and calcite as alteration products and rarely they exhibit

myrmekite intergrowths. Other framework grains include amphiboles,

pyroxene, magnetite, sphene, garnet, and rock fragments. The

volcanics (predominantly mafic) to a large extent have been diagene-

tically altered and crushed so as to form or to be hardly distinguishable
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from the matrix. In many instances only relic grain boundaries

remain. Chemical cement, as calcite, is present in small amounts.

Volcanic fragments, chert and hornblende clasts are the most

important constitutents for identification of the Geoffrey sandstones.

The moderate (average 11. 6 percent) but ubiquitous percentage of

chert plus volcanic fragments is characteristic of the Geoffrey sand-

stones in the map area. The next overlying clastic unit, the Gabriola

Formation has a significantly lower percentage of these two constitu-

tents (average 3. 4 percent). This may indicate erosion of different

source terrains or deeper erosion of the same source area.

Sturdavant ( 1975) and Hanson (1975) have used the presence of

hornblende in the Geoffrey Formation sandstones to distinguish it from

the next underlying clastic formation, the DeCourcy, in which horn-

blende is not present. This diagnostic feature was used as one of the

criteria for interpreting the sandstones on Parker Island to be part

of the Geoffrey Formation.

Northumberland Formation

Nomenclature

The Northumberland Formation, proposed by Clapp (1911, 19141

and defined from exposures along the Northumberland Channel on

Gabriola Island, represented a thick heterogeneous unit consisting of
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a middle conglomerate-sandstone member and upper and lower mud-

stone members. Muller and Jeletzky (1970) redefined the unit reason-

ing that the middle member represented the start of a new transgressive

cycle of sedimentation and, analagous to the other coarse clastic units,

was deserving of formational standing. They reserved the name

Northumberland for the lower mudstone member; the middle conglom-

erates, and sandstones, and the upper mudstones were redefined as

the Geoffrey Formation and Spray Formation respectively.

Distribution

The Northumberland Formation is exposed on the northeast side

of Parker Island and the southwest side of Galiano Island (Plate I;

Figure 14). The formation is erosionally non-resistant and good

exposures are rare. The most extensive outcrops occur on Parker

Island where the formation extends from a cove at the northwest end

of the island along a three-quarter mile coastal strip toward the

southeast. The Formation is also exposed along the northwest shore-

line of the islet lying off the northeast side of Parker Island, and

underlies the connecting tombol (Figure 15).

On Galiano Island the Northumberland Formation appears at two

localities: 1) one-quarter mile southeast of Winstanley Point in two

re-entrants between salients of sandstone, and 2) farther southeast

underlying Payne Bay with good exposures in the adjacent sea cliffs
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I

Figure 15. Northumberland Formation, mudstone tongue between the north-northeast coastline
of Parker Island and the adjacent islet. Note the connecting tombolo deposited on
the non-resistant mudstone. Looking northwest up Trincomali Channel.

I
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(Plate 1). The shoreline of Payne Bay, southwestward toward

Phillimore Point, has a series of inlets and points. These have been

formed by differental erosion of the less resistant Northumberland

Formation which is intercalated in the more resistant Geoffrey

Formation (Figure 16; Appendix B). Outcrops in the vicinity of Payne

Bay are the best exposures of the Northumberland Formation on

Galiano Island.

Interior exposures of the Northumberland Formation on Parker

and Galiano Islands are lacking. Obscuring of outcrops is caused by

the thick vegetal cover, slope wash, glacial debris and the non-

resistant nature of the formation. The extent of the Northumberland

Formation in the interiors of the islands is inferred on indirect observa-

tional evidence. Lowlands, areas of poor drainage, and clay-rich soils

along trends established by coastal exposures constitute areas con-

sidered to be underlain by the Northumberland Formation.

Contact Relationships

The Northumberland Formation, present as a tongue in the

Geoffrey Formation (Geoffrey Formation Section- -Contact Relationships),

does not have a locally observable basal contact. Muller and Jeletzky

(1970) considered the basal contact to be gradational into the underlying

DeCourcy Formation. However, Hanson (1975) indicated the formational

contact to be sharp and conformable from exposures on Saltspring
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Figure 16. Phillimore Point as seen from the flank of Mount Sutil.
Note the salients of resistant sandstone resulting from inter-
fingering of the resistant lower Geoffrey Formation member
and the non-resistant Northumberland Formation tongue.
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Island. Sturdavant (1975) also described a sharp and conformable

contact on Saturna Island. The upper contact, separating the mudstones

and interbedded sandstones of the Northumberland Formation from the

overlying sandstones of the Geoffrey Formation, is exposed on the

islet off the northeast side of Parker Island and along the southeast

shoreline of Payne Bay, Galiano Island (Plate I). The upper contact is

sharp and planar to gently undulatory at both localities. The Northum-

berland Formation at the two localities exhibits a visible difference in

the relative amount of sandstone interbedded with the mudstone as the

contact with the Geoffrey Formation is approached. The change in

sandstone prominence is expressed as a sand-to-shale ratio (Krumbein

and Sloss, 1951). The Northumberland Formation, away from forma-

tional contacts, has an average sand to shale ratio of 1:9, 10 percent

sandstone - silt stone to 90 percent mudstone. In the vicinity of the con-

tact with the Geoffrey Formation on the islet off the northeast coast of

Parker Island the sand-to-shale-ratio is 1:4 or ZO percent sandstone-

siltstone to 80 percent mudstone (Figure 17). At Payne Bay, Galiano

Island, where the Northumberland and Geoffrey Formations are more

obviously interfingering, the sand-to-shale ratio is 9:11 or 45 percent

sandstone-siltstone to 55 percent mudstone (Figure 18). This lateral

and vertical increase in the sandstone content suggests: 1) a deeper

marine sedimentation for the Northumberland Formation in the direction

of Parker Island in relation to the occurrence of the formation at Payne
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Figure 17. Northumberland Formation, normally graded mudstone and interbedded sandstone with
a sand to shale ratio of 1:4. Islet off the northeast coast of Parker Island.

Figure 18. Northumberland Formation, normally graded mudstone and interbedded sandstone with
a sand to shale ratio of 9:11. Southeast coastline of Payne Bay, Galiano Island.
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Bay, and 2) a clastic source to the southeast (also supported by paleo-

current data). Further implied is a transitional interval between two

dominant types of sedimentation processes--one resulting in the depos-

ition of muds and sands in the deeper marine domain, and the other in

coarse sands, pebbles, and cobbles in the fluvial or shallow marine

environment.

General Stratigraphy

Thickness measurements of the Northumberland Formation indi-

cate the formation thins from the northwest to the southeast or from

Parker Island toward Galiano Island (Appendix A, B. ). On Galiano,

the formation underlies and crops out in small re-entrants between

salients composed of sandstone. Petrographic analysis of the sand-

stones (Geoffrey Formation Section- -Petrography) and the stratigraphic

relationships strongly suggest that the sandstone salients belong to the

Geoffrey Formation. Summarizing, the Northumberland Formation is

interpreted as a southeastward thinning tongue which interfingers with

and pinches out in the Geoffrey Formation southeast of Winstanley

Point and in the vicinity of Payne Bay (Figure 19).



Parker Island, Re-entrant 1/4 mile
Northumberland Formation southeast of Winstanley Point,
measured and described Northumberland Formation,
section Appendix A. measured section.
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Phillimore to Payne Bay, Galiano Island Northumberland Formation and
Geoffrey Formation measured and described Appendix B.

K
GF

KN1 B

KGF 1B

K 1A
N

K 1A
GF

IOW

Figure 19. Schematic correlation of the Northumberland Formation tongue between Parker Island
and Galiano Island.
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Lithology

Formation sections and thicknesses

Two sections of the Northumberland Formation were measured

and described: 1) one-half mile southeast from the northwest end of

Parker Island to the southeast tip of the islet off the northeast coast

of Parker Island (Plate 1, Appendix A. ), and 2) from Phillimore Point

to Payne Bay on Galiano Island (Plate 1, Appendix B. ). The tongue of

the Northumberland Formation at Payne Bay is the thickest exposed on

Galiano Island. One thinner tongue, between Phillimore Point and

Payne Bay, underlies, and two thinner tongues southeast of Winstanley

Point overlie, the Payne Bay tongue (Figure 19). These merge to the

northeast to form the single tongue of the formation exposed on Parker

Island. The maximum thickness of the formation in the area, measured

in the Parker Island section, is 482 feet. On Galiano Island the forma-

tion has thinned to 346 feet. The 346 feet is a composite thickness and

was obtained by combining the measured thicknesses of the separate

mudstone fingers. The lower contacts of the mudstone fingers are

sharp and planar to gently undulatory as are the upper contacts with

the Geoffrey sandstones.
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Outcrop aspects

The formation is dominantly formed by mudstones with intercala-

tions of siltstone and sandstone. Locally marly interbeds are found.

The mudstones constitute 50 to 90 percent of the formation. They

weather to shades of gray (N 5 to N 6), whereas fresh exposures have

colors of medium dark gray (N 4) or dark gray (N 3). The mudstones

are thinly laminated to thin-bedded. Weathering forms 1/4 to 1 inch

mudstone chips, locally obscuring the bedding. These are pseudo-

concretions, structures formed by weathering along joints which

resemble concentrically layered mudstone concretions, but are not

calcareous and lack core fragments around which a concretion would

normally build.

Where the sandstones and mudstones are interbedded, they form

normally graded sandstone-mudstone couplets ranging in thickness

from 1 to 36 inches. The contacts between sandstones below and mud-

stones above are gradational over intervals between 1/2 to 4 inches

whereas contacts between mudstone overlain by sandstone are sharp

and planar to gently undulatory. The sandstones weather to colors

from yellowish gray (5Y 7/2) to light olive gray (5Y 6/ 1) or rarely to

moderate reddish brown (101 4/6), and on fresh surfaces have colors

of medium gray (N 5) to grayish yellow (5Y 8/4). They are very fine-

to coarse-grained, poor to moderate sorted and contain angular to
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subangular particles. Progressive upward changes in internal

sedimentary structures in the sandstone beds have the aspect of partial

Bouma sequences. In general, the thinly laminated to thin bedded lower

two-thirds of a sandstone is overlain by convolute laminations before

grading up into the mudstone member. Represented as partial Bouma

sequences, the most common interval successions are. (BCDE),

(CDE), (DE). The (BCDE) intervals most frequently occur in the

exposures of the Northumberland Formation on Galiano Island and the

(DE) or (CDE) intervals in exposures on Parker Island. The sequence

truncation loss of A, B, and C Bouma intervals, toward Parker Island,

may indicate the direction of decreasing current energy.

The ubiquitous siltstone comprises less than 5 percent and

carbonate--rich mudstones less than 1 percent of the Northumberland

Formation exposed on Galiano and Parker Islands. The color of the

siltstones on weathered surfaces is gray (N 6 to N 8) to olive gray

5Y 4/ 1) and on fresh surfaces is light olive gray (5Y 6/ 1). They are

thinly laminated to thin-bedded, and occur as intercalations in the

mudstones. There are pyrite nodules which appear to be limited to

these intercalated siltstones and to the sandstone interbeds; in the

siltstones the nodules have 1/4 to 1/2 inch diameters; those in the

sandstones have diameters up to 12 inches.

The carbonate-rich mudstones have colors on weathered surfaces

of medium gray (N 5) or rarely dark reddish brown (1OR 3/4) from
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iron staining and on fresh surfaces of medium light gray (N 6) to olive

black (5Y 2/ 1). Beds are 5 to 12 inches thick and have contact rela-

tionships similar to the interbedded sandstones. Upper bedding con-

tacts grade within 1/4 to 1/2 inch into the overlying mudstone whereas

the basal contacts are sharp and planar to gently undulatory. Internally,

the beds are thickly laminated and have laminae of fine sand and

carbonate-rich mudstone. The beds, as a whole, have been burrowed

but not extrensively enough to destroy the laminations. Fecal pellets

are common in the mudstone laminae.

Sedimentary structures found in the Northumberland Formation

include Bouma-like sequences and dish structures. Dish structures

are thin, subhorizontal, flat to concave upward, series of discontinuous

argillaceous laminations in siltstone and sandstone beds. They form

during rapid consolidation of loosely packed sand beds, known as quick

beds (Lowe and LoPiccolo, 1974). Compaction of the quick beds causes

dewatering and upward migration of pore water. Semi-permeable

barriers in the bed, caused by fining in grain size or increase in clay

content, control the upward migration of fluids. Fluids are forced to

flow horizontally under these impermeable caps until a weak point is

found where the barrier may be breached by the upward escape of the

pore water under pressure. The constricted places of upward flow

act as sieves and filter out clays and micas carried with the fluid.

The result is localized clay-mica enriched zones. The dish structure
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may be later accentuated by flow around its margins and central

subsidence from lithostatic loading. The structure is formed in areas

where rapid deposition alternates with reduced sedimentation, as at

delta fronts (Lowe and LoPiccolo, 1974). Other common features in

the Northumberland are normally graded beds, clastic dikes (1 to 12

inches thick), mudstone slumps (Figure 20), carbonate mudstone con-

cretions and pyrite nodules. The only organic structures, burrows,

are not preserved or exposed well enough for identification (Figure 20).

Petrography

Mudstone composition

The Northumberland Formation predominantly consists of mud-

stone, lesser amounts of sandstone and siltstone, with minor occur-

rences of limestone. The clay constituents of the mudstones, deter-

mined by X-ray diffraction analysis, are chlorite and mica; kaolinite

and vermiculite are present in some samples. Montmorillonite appears

to be absent from the clay assemblage (Appendix F). In general, silty

mudstones occur on Galiano Island, where the formation most promi-

nently interfingers with the Geoffrey Formation, and the more pure

mudstones are limited to Parker Island.
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Figure 20. Northumberland Formation, normally graded mudstone and sandstone. Note slump
of mudstone in Payne Bay tongue. Payne Bay, Galiano Island.
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Sandstone composition

The sandstones, examined petrographically, are fine- to medium-

grained, poorly sorted, with angular to subangular particles. Modal

analyses of two sandstone samples (Appendix E) indicate the sandstones

of the Northumberland Formation are texturally and compositionally

immature arkosic wackes with matrix content averaging 15. 4 percent

(Figure 21). The framework grains are predominantly quartz (strained

and normal), plagioclase, potassium feldspar, and rock fragments with

minor chert, polycrystalline quartz (metamorphic and vein), biotite

and muscovite, and traces of clinopyroxenes, hornblende, epidote,

sphene, magnetite, pyrite, garnet and apatite. Feldspars range from

37. 8 percent to 43. 6 percent of the framework grains with both fresh

and altered feldspars occurring in the same samples. The potassium

feldspars (orthoclase, subordinate microcline) are commonly more

thoroughly sericitized than the plagioclase (oligoc lase - albite, sub-

ordinate andesine). The feldspars also commonly have kaolinite and

calcite as alteration products and rarely they exhibit myrmekitic inter-

growths. The stable detrital grains, quartz and chert, usually compose

about 40 percent of the framework. The types of quartz found are

undulatory (strained), normal (unstrained), and polycrystalline. Most

of the quartz is strained. Rock fragments (volcanics, minor phyllite)

and micas (biotite and muscovite) comprise 14. 5 percent to 20. 6
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Quartz, chert, quartzite

Feldspar Mica, rock fragments

K 16: Upper part of the Northumberland Formation tongue (southeast of the islet off the
n

northeast coast of Parker Island).

K 17: Upper part of the Northumberland Formation tongue (southeast of Winstanley Point,
n

Galiano Island).

Figure 21. Classification of Northumberland Formation sandstones (after Gilbert, 1954).
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percent of the framework particles. The volcanics, to a large extent,

have been diagenetically altered and crushed so as to form or to be

hardly distinguishable from the surrounding clay matrix. In many

instances only relic grain boundaries remain. Chemical cement, as

calcite, is present only in small amounts.

One sample of argillaceous limestone was examined microscop-

ically. Modal analysis indicates a composition of 55 percent micritic

calcite, 38 percent fine sand-to silt-size quartz, 25 percent fine sand

to silt-size plagioclase, potassium feldspar and mica (biotite, minor

muscovite) and 2 percent organic matter (fecal pellets), magnetite,

and pyrite. The limestone is thickly laminated with laminae predom-

inantly of quartz, feldspar and mica in grain support, and dominantly

laminae of micritic calcite in matrix support. Following the 1959

classification of Folk, these limestones are called silty micrites.

Spray Formation

Nomenclature

The Northumberland Formation, as defined by Clapp (1911,

1914), had three members: a middle sandstone--conglomerate member

and upper and lower mudstone members. Muller and Jeletzky (1970)

redefined the formation and elevated the three members to formational

status. The lower mudstone member retains the original formation
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name, Northumberland. The middle sandstone -conglomerate member,

coeval to the Geoffrey Formation in the Comox Basin, adopted that

formation name, The upper member was correlated by Muller and

Jeletzky (1970) to a series of thin bedded mudstones and sandstones

underlying and partly cropping out at Tribune Bay, Hornby Island.

These interbedded mudstones and sandstones had been named the Spray

Formation by Usher (1952) after Spray Point on Hornby Island. Muller

and Jeletzky (1970), therefore, extended the formation name, Spray, to

the upper mudstone member.

Distribution

The Spray Formation is distributed in a sinusoidal belt across

the south central one-third of Galiano Island (Plate 1, Figure 22). The

farthest northwest the formation crops out is at Gray Peninsula,

Montague Harbour, and the most southeasterly exposure is at Sturdies

Bay, along Active Pass. Also along Active Pass, the Spray Formation

crops out in small re-entrants southwest of Burrill and Scoones points

between two salients of sandstone, 197 and 212 feet thick respectively

(Appendix D. ). At these localities the Spray dips at low angles ranging

from 90 to 150 and averaging 120 northeast.

The Spray Formation is erosionally non-resistant and thus topo-

graphically appears as areas of low relief, usually at low elevations,

such as along the coast where it forms harbours and covers. The



Figure 22. Spray Formation distribution and sample sites for modal _nalyses.
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central interior of the island, underlain by the Spray Formation,

consists of lowlands, commonly with poor drainage and local swamps.

The only good interior exposure of the Spray is found above and south-

west of Montague Harbour on the northeast to south face of the 600 foot

hill. The formation crops out near the break in slope at the 500 foot

elevation and is exposed here and there over a distance of 925 feet

toward the southwest.

The Spray Formation does not have the continuity of exposure

that is available in the coastal outcrops of the more resistant Geoffrey

and Gabriola Formations. Exposures along strike are limited. They

occur: 1) from Montague Provincial Park to the vicinity of the Montague

Harbour store, and 2) from the Sturdies Bay ferry dock to Enke Point.

Lateral variations in the Spray Formation must be pieced together from

widely separated and isolated outcrops. Exposures allowing examina-

tion and description of vertical changes in the formation are more

rewarding. Exposures across strike occur: 1) from Gray Peninsula

to the Montague Provincial Park entrance, 2) from the vicinity of

Scoones Point to Enke Point, and 3) on the south face of the 600 foot

hill above Montague Harbour.

Contact Relations

The basal contact of the Spray Formation with the underlying

Geoffrey Formation has been described (see Geoffrey Formation



75

Section--Contact Relations). The upper contact is best exposed along

the northeast side of Sturdies Bay and above Montague Road near the

entrance to Montague Harbour Provincial Park (Figure 23). The con-

tact at both localities is sharply-planar and essentially conformable.

Dip of the Spray Formation averages 10 degrees and the overlying

Gabriola Formation averages 11 degrees northeast. The difference

is within operator error and does not imply discordance. Groove

marks are present at the base of the overlying Gabriola at Sturdies

Bay and small load structures, sand rolls, and load casts, occur at

both localities (Figure 24). These structures indicate the Spray

Formation was not consolidated prior to deposition of the Gabriola

Formation.

General Stratigraphy

The Spray Formation overlying the Geoffrey Formation is the

marine upper unit of Muller and Jeletzky's (1970) fourth depositional

cycle and crops out on all of the Gulf Islands. The formation has a

reported maximum thickness of 1770 feet from Bennett Bay, Mayne

Island (Muller and Jeletzky, 1970).

Thickness measurements at Montague Harbour and Sturdies Bay,

Galiano (see Spray Formation Section, Sections and Thicknesses) and

Miners Bay, Mayne Island (Muller and Jeletzky, 1970), indicate the

formation thins northwest from Miners Bay to Sturdies Bay and Whaler
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Figure 23. Sharp and conformable contact between the Spray Formation and the overlying sandstone
of the Gabriola Formation at the entrance to Montague Harbour Provincial Park, Galiano
Island 50 mm lens cap for scale).

Figure 24. Sharp and conformable contact between the Spray Formation and the overlying sandstone
of the Gabriola Formation showing groove marks at Studies Bay, Galiano Island.

.r.
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Bay. The formation from the vicinity of Sturdies Bay again thickens

northwest toward Montague Harbour. Abundance and thickness of inter-

calations of sandstone in the predominantly mud stone-siltstone Spray

Formation increase and decrease following the trend of formation

thickening and thinning. Where the formation is thinnest intercalations

of sandstone are most prominent and where the formation is thickest

intercalated sandstones are least prominent. The amount of sandstone

in the Spray Formation may be represented as a sand-to-shale ratio.

Visually estimated in the field, the sand-to-shale ratio at Sturdies Bay

ranges from 2:3 to 1:4 (or 40-20 percent sand to 60-80 percent mud)

and at Montague Harbour from 3:17 to 1:9 (or 15- 10 percent sandstone

to 85-90 percent mudstone).

The Spray Formation from Miners Bay to Sturdies Bay thins by

intertonguing with and pinching out in a correspondingly thickening

upper Geoffrey sandstone member. Southwest of Sturdies Bay, two

tongues of the Spray Formation crop out in coves south of Burrill Point

and south of Scoones Point. Both tongues, approximately 1/8 mile to

the northeast, have pinched out in the Geoffrey Formation. The Spray

Formation has been differentially eroded to produce the northwest to

southeast elongate lowland extending from Whaler Bay to Mary Anne

Point. On the whole tongues of the Spray Formation coarsen upward or

toward contacts with overlying Geoffrey tongues. The coarsening from
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clay-to silt- to fine sand-size particles is still observably finer than

the medium to coarse sand-size particles comprising the Geoffrey

sandstones.

From Sturdies Bay toward the northwest, as the formation

thickens, intertonguing becomes less apparent and at Montague Harbour

is absent. Summarizing, the Spray Formation on Galiano Island system-

atically varies in thickness with the least thick areas having an

increased amount of sand-size clastic particles present as intercalated

beds or tongues of sandstone. This suggests that the clastic input from

a shallow marine or terrestrial source was more pronounced in the

vicinity of Sturdies Bay than at Montague Harbour.

Lithology

Formation sections and thicknesses

Two sections of the Spray Formation were measured and de-

scribed. The traverse from the small re-entrant south of Scoones

Point to Enke Point along Active Pass shows a complete section of the

Spray and an intertonguing relationship between the Spray and Geoffrey

Formations (Appendix D. ). The second traverse, measured from Gray

Peninsula to above Montague Road, near the entrance to Montague

Harbour Provincial Park, is of an incomplete Spray section; the lower

Spray contact is not exposed (Appendix C. ). The maximum thickness
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of the formation exposed in the map area is 850 feet which was mea-

sured in the incomplete section initiated at Gray Peninsula. The thick-

ness of the Spray Formation measured along Active Pass is 460. 5 feet

and represents the minimum thickness of the formation on Galiano

Island.

Outcrop aspect

The Spray Formation comprises a thick well bedded sequence of

laminated very fine sandstone-siltstone-mudstone sequence with inter-

calated thickly to thinly bedded medium to coarse sandstones. The

gross outcrop expression is of repeated couplets of normally graded

medium- to coarse-grained sandstone associated with very fine grained

sandstones- siltstones-mudstones (Figure 25). The very fine sandstones,

siltstones, and mudstones range from one inch to 50 feet thick between

intervening beds of medium- to coarse-grained sandstone which range

from one inch to 30 feet thick and average 12 inches. Weathering of

the mudstones and siltstones commonly produced 1/4 to 1/2 inch chips.

Bedding is commonly obscured in this manner. The very fine sand-

stones are more resistant and are rib-formers in the mudstones and

siltstones. Less commonly, weathering develops a peculiar pattern

in the muds? ,r. s which has been. termed "pseudoconcretions" by

Packard (1972)., These are ellipsoidal to concentric, onion skinned

layered forms. The concretions are non-calcareous, have no core,
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Figure 25. Bedded sequence of graded very fine sandstone-siltstone-mudstone of the Spray Formation

cut by coarse-grained calcareous sandstone dike at Montague Harbour Provincial Park,

Galiano Island.

I

Figure 26. Horizontal burrows (Thalassinoides) and associated pyrite concretions 1/4 to 1/2 inch in
diameter in fine sandstone of interbedded fine sandstone -muds tone with coarse- to
medium-grained sandstone beds 1 to 5 feet thick on west-northwest side Gray Peninsula,

Galiano Island.

s^J
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and break in spalls. Weathered surface color for the mudstones and

siltstones is dark gray (N 5) or rarely moderate reddish brown (10R

4/6) whereas fresh surfaces are light gray (N 6).

Intercalated sandstones crop out as resistant ridges and may

contain broad scours, Bouma-like sequences, or be structureless.

Weathering of the sandstones disaggregates the thinner beds while the

thicker, structureless beds break into blocks. The sandstones, both

the intercalated and those in the mudstone - silt stone sequences, weather

to colors of light olive gray (5Y 6/ 1), whereas fresh surfaces are

medium bluish gray (5B 5/ 1).

Besides normal grading, parallel laminations, scour-and-fill

and Bouma-like sequences, other sedimentary structures common to

the formation are slumps, clastic dikes, and pyrite nodules.

Organic features found in the Spray Formation are woody debris

and worm burrows. The burrows are similar to those observed in the

Cedar District and Northumberland formations by Hanson (1976) and

Sturdavant (1975) and identified by C. Kent Chamberlain as Thalassi-

noides. Chamberlain indicated that the longer and less regularly

branching forms are most common in occurrences of Thalassinoides

which are of outer shelf to upper bathyal depths (Figure 26).
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Rock texture--size and shape

The sandstones of the Spray are too tightly compacted to dis-

aggregate for sieve analysis. Measurement of 50 framework grains

(greater than 30 microns) in thin section using a micrometer stage

gives an average thin section particle diameter of . 237 mm. The

particles are subangular to subrounded (. 26) with moderate sphericity

(. 76). Sizes and shapes of grains are comparable for sandstones of

the Spray and Geoffrey Formations.

Petrography

Mudstone composition

Five mudstone samples of the Spray Formation were examined.

Mica and chlorite are the dominant clay constituents based on their

peak intensities and number of samples in which they occur. Vermi-

culite, kaolinite, and possibly montmorillonite also are present

(Appendix G. ). Other minerals in the mudstones indicated by X-ray

analysis are quartz and feldspar. The clay mineralogy of the Spray

Formation is essentially that of the Northumberland Formation and is

comparable to the results of clay analyses for these formations from

other areas in the Gulf Islands (Packard 1972, Hudson 1974,

Sturdavant 1975).
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Sandstone composition

The sandstones of the Spray Formation are of two types:

1) sandstones rich in clay matrix with little calcite cement, and 2)

sandstones poor in clay matrix with abundant calcite cement. Type

one sandstones are more common than type two.

Three sandstone samples were point counted and results indicate

a similarity to the sandstones of the Geoffrey Formation. The modal

analyses data is summarized in Appendix E. The type one sandstones

are texturally submature, moderately sorted, micaceous arkosic wackes

with an average of 15.6 percent matrix. (Figure 27). Quartz comprises

about one-fourth of the framework particles. At least two-thirds of the

quartz shows wavy or strained extinction. Inclusions are not common

in either the strained or non-strained monocrystalline quartz. Polycry-

stalline quartz grains amount to two to four percent. The polycrystal-

line grains show interlocking texture, are pure and non-foliated.

According to Dott (1966), such grains indicate a vein quartz source.

Microcrystalline chert is also present and averages 7. 5 percent. All

sandstones are very feldspathic (average 31 percent) with plagioclase

feldspar (oligociase, andesine, subordinate albite) being twice as

abundant as potassium feldspar (orthoclase, subordinate microcline).

The feldspars are similar in type, abundance and degree of alteration

to those in the sandstone of the Northumberland and Geoffrey Formations



Quartz, chert, quartzite

Mica and
rock
fragments

K 18: Spray Formation(Sturdies Bay,
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Montague Harbour, Galiano Island)

K 20: Spray Formation (Gray Peninsula,
sp Galiano Island)

Feldspar

Figure 27. Classification of Spray Formation sandstones (after Gilbert, ].954).
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(see Geoffrey and Northumberland Formation Sections--Petrography).

Sandstones also contain conspicuous biotite, some muscovite flakes,

and rock fragments. Basaltic and andesitic rock fragments are the

most common. These fragments have been diagenetically altered

(to chlorite) and crushed to form or to be hardly distinguishable from

the matrix.

One of the type two sandstones was point counted. Modal analysis

indicates a framework composition analogous to the type one sandstones

but with an increased percentage of microcrystalline chert (16.3 per-

cent). Clay matrix is absent and sparry calcite cement comprises

39. 3 percent of the sample. Following the classification of Gilbert

these sandstones are arkosic arenites.

Gabriola Formation

Nomenclature

Clapp (1912) proposed the name Gabriola for the youngest sand-

stone and conglomerate formation of the Nanaimo Group after the

exposures on Gabriola Island. Correlative sandstones and conglom-

erates cropping out at St. John Point, Hornby Island have been variously

called "Upper Conglomerate" (Richardson 1833), "St. John" (William

1924), and "Hornby" (Usher 1952). Enhancing the confusion of multi-

formational names was the application of these names to more than
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one sequence of rocks. Williams (1924) had used "Hornby" for the

Middle Conglomerate of Richardson that was renamed "Geoffrey" by

Usher (1952). Muller and Jeletzky (1970) to alleviate the ambiguities

revolving around the names--Middle Conglomerate, St. John, and

Hornby- -proposed the adoption of the name Gabriola for the youngest

sandstone and conglomerate formation in both the Comox and Nanaimo

Basins.

Distribution

The Gabriola Formation extends across Gossip Island and on

Galiano Island across the northeast one-third of the south end as well as

all of the north end (Plate 1, Figure 28). Erosion of the formation has

resulted in a series of longitudinal northwest-trending ridges and

valleys. The ridges are asymmetrical, 200 to 600 feet high, with 1/4

to 1/2 mile between crests. The topography of the Gabriola, consisting

of ridges and valleys, visibly differs from the older formations in the

map area.

Three traverses may be made of the Gabriola which have contin-

uous exposure and are roughly parallel to strike. Along the Trincomali

Channel (from Montague Provincial Park to Alcala Point) exposure of

the Gabriola Formation is in the steep sea cliffs formed in the antidip

slope of asymmetrical ridges or cuestas. Access on foot to the base

of the cliffs is limited to a few localities. A boat greatly increases the
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Figure 28, Cabriola Formation distribution and sample sites for modal analyses, sieve analyses, and pebble count.
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number of accessible points where the formation may be examined.

The Gabriola Formation along Porlier Pass Drive also is exposed in

the antidip slopes of asymmetrical ridges. The cliff faces of these

ridges, readily accessible on foot, provide the best sites for observing

lateral variations in the formation. Along the Strait of Georgia the

exposure of the Gabriola is in the dip slopes of the cuestas. The coast-

line, at low tide, may be walked from Salamanca Point to Dionisio

Point. Across strike exposures allowing examination and description

of vertical change in the Gabriola Formation occur: 1) from Alcala

Point to Dionisio Point, 2) from Salamanca Point to Whaler Bay, 3)

from Enke Point to Rip Point, and 4) around the coastline of Gossip

Island. As exposed along these traverses, formation dips range from

10 degrees to 25 degrees and average 20 degrees northeast.

Contact relations

The basal contact of the Gabriola Formation with the Spray

Formation has been described previously (see Spray Formation

Contact Relations). Muller and Jeletzky (1970) indicate an unconform-

able contact between these formations on Gabriola, Hornby, and Mayne

Islands. Packard (1972), however, disagrees and from observations

made along Easthom Road south of Orlebar Point, Gabriola Island

records, this contact on Gabriola Island is not discordant, and not

obviously unconformable, but is remarkably sharp and planar. " The
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contact between the Gabriola and Spray Formations on Galiano Island

is similar to the contact of these formations on Gabriola Island as

reported by Packard. At Sturdies Bay and also at Montague Harbour,

the contact of the Gabriola Formation with the Spray Formation occurs

at the base of an indistinctly bedded sandstone zone 75 feet to 150 feet

thick and is concordant, planar and sharp with isolated occurrences of

bottom marks (load structures and groove marks). An upper contact

for the formation is not exposed on Galiano Island and has not been

reported from any of the Gulf Islands. Presumably the contact, if

existing and if not later removed by erosion, lies below the waters of

the Strait of Georgia.

General Stratigraphy

The Gabriola, highest formation of the Nanaimo Group in the

Nanaimo Basin, is unique from preceding coarse clastic units in the

absence of an observable succeeding mudstone sequence. For this

reason, Muller and Jeletzky (1970), in their division of the Nanaimo

Group into transgressive--regressive couplets, considered the forma-

tion to be the basal deltaic member of their youngest and incomplete

fifth cycle.

With exposures entirely restricted to the outer Gulf Islands, the

Gabriola Formation crops out in a narrowing belt from the south end

of Galiano Island southeastward across Gossip, Mayne and Tumbo
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Islands. Usher ( 1950) reports a measured thickness of the formation

on the south end of Galiano Island of 3, 000 feet, on the north end of

Galiano Island of 2, 000 to 2, 500 feet, and on Gabriola Island of 1, 400

feet. The Gabriola Formation is 1, 800 to 2, 500 feet thick on Mayne

Island (Stickney, 1976 personal communication) and 300 to 600 feet

thick on Tumbo Island (from trigonometric computation of thickness

of the formation mapped by Sturdavant, 1975). An upper contact for

the formation is not exposed at any of these localities and both upper

and basal contacts are absent on Tumbo Island.

A paleogeographic pattern of pebble-cobble clast size distribu-

tion changes exist from Tumbo Island across Galiano.Island. Qualitative

observation indicates a gross northwestward decrease in grain size

accompanying a general increase in the thicknesses of interbedded

mudstone- sandstone sequences intercalated in the predominantly sand-

stone Gabriola Formation. The strata of Tumbo Island are dominantly

conglomerates with clasts ranging in size up to 12 inches (Sturdavant,

1975). Describing the Gabriola Formation Sturdavant reports:

The southern shoreline of Tumbo Island is composed
of channel conglomerates that display festoon cross-bedding,
scour-and-fill, and normal grading upward into coarse
grained, festoon cross-bedded sandstones. . . . The entire
northern shoreline of Tumbo Island is composed of a thick,
structureless pebble conglomerate,

On Galiano island the Gabriola Formation lacks conglomerates except

for very local and restricted occurrences (8 inches to 2 feet thick)
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at the base of isolated channels (Figure 34). At these sites clasts do

not exceed 2 inches in length.

The Gabriola Formation on Galiano Island and the satellite island

of Gossip comprises sequences of sandstone alternating with sequences

of interbedded mudstone-sandstone. The sandstone sequences, esti-

mated at 200 to 600 feet thick, are most prominent and consist of very

thick to thick and distinctly to indistinctly bedded sandstones. The sand-

stone sequences are separated by units, estimated at 25 to 100 feet

thick, of thinly laminated to thin bedded mudstones with interbeds of

sandstone 1 to 3 feet thick. The interbedded mudstones-sandstones

differentially erode to form the prominent logitudinal valleys. These

sequences cannot be separated and mapped because of lack of outcrops.

Exposures are restricted by vegetation, slope wash from the sandstone

ridges, and glacial debris. The strike of the formation changes along

the length of Galiano Island. Toward the northwest, the strike pro-

gressively changes from N. 65 W. to N. 15 W. and is reflected in the

curving geometry of the north end of the island.

Lithology

Formation sections and thicknesses

An incomplete section of the Gabriola Formation, extending from

Enke Point to Rip Point, was described (Appendix D. ). The total
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measured thickness for this described section is 282. 5 feet. Repre-

sentative Gabriola Formation thicknesses were measured by Usher

(1952) of 2, 000 to 2, 500 feet and 3, 000 feet for the formation on the

north and south ends of Galiano respectively. The 3, 000 feet measured

by Usher, however, may contain parts of the Spray and Geoffrey Forma-

tions. Therefore, 2, 500 feet is considered the maximum formation

thickness.

Outcrop aspect

The Gabriola Formation is composed of sandstones and subord-

inate mudstones and interbedded sandstones. Conglomeratic lenses

and basal channel fill, scattered pebbles, and mudstone breccias occur

in places in the sandstones. The lack of extensive conglomerates in

the Gabriola distinguishes the formation from the underlying Geoffrey

Formation.

The sandstones occur in sequences or packets separated by

sequences of mudstone with interbedded sandstone (see Gabriola

Section--General Stratigraphy). The lower parts of the sandstone pac-

kets are indistinctly bedded and 75 feet to 150 feet thick. The sand-

stones, commonly structureless, locally are normally graded and/or

parallel laminated with succeeding climbing ripples (Figure 29).

Prominent on the north end of Galiano Island and forming the upper

part of the sandstone packets are thick to very thick (1 to 5 feet)
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Figure 29. Sandstones of the Gabriola Formation thinly bedded to thickly laminated at the base and
climbing ripple drift cross-laminated at the top. Enke Point, Galiano Island. Also note
development of honeycomb weathering.
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Figure 30. Distinctly bedddd, 2 to 6 feet thick, sandstones of the Gabriola Formation located along
Trincomali Channel on the north end of Galiane Island.
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distinctly bedded sandstones (Figure 30). These sandstones are nor-

mally graded to non-graded and rarely have sedimentary structures

(Bouma-like sequences) indicative of deposition during a falling flow

regime. Thin beds ( 3 inches to 6 inches) of mudstone commonly occur

above the Bouma-like sequences and separate succeeding sandstone

beds (Figure 31).

The sandstones of the Gabriola are medium- to very coarse-

grained, moderately sorted, micaceous arkosic wackes. Carbonaceous

material is locally prominent and occurs as. 1) plant debris which is

flow oriented along bedding planes, and 2) minor intercalated discon-

tinuous coal laminae (1/8 to 1/4 inches). The latter were observed

within fine sandstones in the lower part of the Gabriola at the north end

of Galiano Island. Colors of the sandstones are medium bluish gray

(5B 5/ 1) to light olive gray (5Y 6/ 1) on fresh surfaces and light olive

gray (N 7) to pale yellowish brown (10YR 6/2) on weathered surfaces.

The topographic expression of the Gabriola sandstone is similar

to that of the Geoffrey Formation in being a cliff-former. Along the

Trincom.ali Channel, sea cliffs up to 500 feet high have been formed in

the anti-dip slopes of the Gabriola sandstone. The sandstones also

support the prominent (100 to 500 feet high) asymmetrical ridge or

cuesta, located in the interior of Galiano, which extends the length of

the north part of the island. Weathering and erosion by waves and

ocean spray have locally developed cavernous notches or galleries and
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an interconnected hexagonal ridge pattern reminiscent of honeycombs

(Figure 29). Along the northeast coastline, near Cable Bay, calcareous

sandstone concretions (8 inches to 18 inches in diameter) are numerous

and form a conspicuous feature of this coastal section. Pyrite nodules

also occur along the northern part of the coastline.

The mudstones with interbedded sandstones separating the sand-

stone sequences of the Gabriola Formation resemble the mudstones of

the Spray and Northumberland Formations. However, the increased

silt-size fraction in the mudstones and small thicknesses (1 inch to 14

inches) of mudstone between medium- to coarse-grained sandstone beds

readily identify the mudstone-sandstone sequences of the Gabriola.

The interbedded sandstones in outcrop expression and lithology

resemble the rest of the Gabriola sandstones. The mudstones are

shades of gray (N5-N8) whereas fresh exposures have colors of medium

dark gray (N 4) or dark gray (N 3). They are generally thinly laminated

(5-9 per inch) to thin bedded (. 5 to 1 inch).

The topographic expression of the mudstone-sandstone sequences

of the Gabriola is similar to the Spray and Northumberland Formations

in being valley-formers. On Galiano Island these sequences underlie

the poorly drained longitudinal lowlands of the north end and crop out at

Spotlight Cove, the northern part of Whaler Bay, and along the

central part of the northeast coastline. Shallow water to subaerially

formed sedimentary structures have been found in the silty mudstones
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and sandstones of these sequences. These features are: mudcracks,

asymmetric ripple marks (Figure 32), heavy mineral laminations and

shallow channels, Other sedimentary features include: mudstone con-

cretions, climbing ripples, parallel laminations, flames, and large

penecontemporaneous slumps (Figure 33).

The conglomerates of the Gabriola Formation occur in the sand-

stone sequences. They resemble the type 1 and type 2 conglomerates

of the Geoffrey Formation (see Geoffrey Formation Section- -Outcrop

aspect) in lithology and appearance but differ in prominence. Type two

conglomerates (containing extra-basinally derived clasts) do not exceed

two feet in thickness and occur at two localities: 1) above Porlier Pass

Road east of the intersection with Ganner Drive (Figure 34), and 2) on

the northwest coast 1/4 mile northwest of Montague Provincial Park.

The largest clast at these localities is two inches in length. Type 1

conglomerates (containing intraclasts of locally derived mudstone)

form deposits 4 feet to 6 feet thick and 10 feet to 15 feet wide. The

only notable example of this type occurs on the northeast coast below

and north of Sticks Allison Road. The largest mudstone clasts are 24

inches in length.

Rock texture-size and shape

Conglomerates (excluding the "mudstone rip up") occur as basal

channel fill and scattered pebbles in the Gabriola sandstone sequences.
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Figure 31. Bouma-like sequence ( include A, B, C, D, E intervals: structureless-to-parallel

laminated-to-cross-laminated-to-thinly laminated-to- clay) in sandstone of the Gabriola

Formation located along Trincomali Channel 1 mile northwest of Montague Harbour

Provincial Park, Galiano Island.

Figure 32. Asymmetrical ripple marks in Gabriola Formation with paleocurrent direction northwest;

along Strait of Georgia 2 miles northwest of Cook Cove, Galiano Island.
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Figure 33. Syncline-like soft sediment slump of well bedded fine- to medium-grained sandstone
and mudstone sequence in the Gabriola Formation at Retreat Cove, Galiano Island.
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Figure 34. Gravel planar foresets in Gabriola Formation sandstone. Current direction from right
to left. Height of cross-bedded interval is approximately 12 feet. Above Porlier Pass

Road 1/4 mile east of the intersection with Gannet Drive.
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The largest clast observed was 2 inches. Most of the larger clasts

are I to 1. 5 inches and are well rounded.

Sandstones of the Geoffrey and Gabriola Formations are similar

in size and shape characteristics. The Gabriola sandstones vary greatly

in grain size but are similar to each other in sorting and particle shape.

Appendix I summarized five analyses representing different treatments.

The results were calculated using Folk and Ward (1957) equations.

Matrix and particle shape were determined from thin section, Matrix

averages between 5. 5 and 22. 2 percent but is difficult to determine

accurately (Appendix E. ), inasmuch as the silt- and clay-size

fraction has been increased by decomposition of the feldspar and vol-

canic fragments. Sorting varies from moderately sorted (1. 09) to

poorly sorted (1. 47). Framework particles fall into the medium and

fine sand grades and are subangular to subrounded with intermediate

sphericities (Appendix I. ).

Rock texture--size analyses data

The size-analysis date for the Gabriola is similar to that for the

Geoffrey Formation (see Geoffrey Formation Section--Size analysis

data). Standard deviations are too large for eolian and surf deposition.

Sandstone sample data plotted on Sahu's (1964) log-log discrimination

diagram for environments of deposition falls in the deltaic fluvial
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range and maximum versus median diameter (C-M) plots (Passega,

1957) produce supportive results (Appendices J, K).

Petrography

Conglomerate composition

Pebbles were collected from a conglomeratic basal channel fill

located above Porlier Pass Drive 3/4 of a mile east of the intersection,

with Ganner Road. Expressed as percentage of represented rock types,

compositional analysis of 100 pebbles from this site indicates quartzite

(46 percent) and igneous (granite, rhyolite, diorite, monzonite, and

andesite) fragments (32 percent) are predominant. Chert and vein

quartz are also abundant (Figure 35, Appendix F. ).

Sandstone composition

Sandstone samples from the Gabriola Formation were collected

at 18 sites. Modal analyses were preformed onnine of these samples.

The point count data is summarized in Appendix E.. Results of modal

analyses coupled with sieve analyses indicate the Gabriola sandstones

are texturally and compositionally immature. The sandstones are

arkosic, micaceous, wackes with matrix contents ranging from 17. 8

to 22.2 percent; better sorted examples are arkosic arenites and have

matrix contents averaging 6. 7 percent (Figure 36). The matrix
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Figure 3S. Histogram of rock types of pebbles from gravel forests in the Gabriola Formation.
1. chert
2. granitic (granite, monzonite, granodiorite)
3. other igneous (rhyolite, audesite, basalt, greenstone)
4. quartzite
5. foliated metamorphics
6. vein quartz
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Figure 36. Classification of Gabriola Formation san.dsfones (af t Gilbert, 1954).
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consists of finely comminuted mineral and rock fragments. The pre-

dominant stable framework grain is quartz (32. 5 percent). Approxi-

mately 3/4 of the monocrystalline quartz grains show undulatory

extinction and all of the quartz grains are relatively free of inclusions.

Chert averages 1. 9 percent and polycrystalline quartz grains average

2. 8 percent. The polycrystalline grains are clear, non-foliated with

an interlocking equigranular texture which is suggestive of a vein

quartz source. All sandstones are very feldspathic and contain con-

spicuous biotite and muscovite flakes. Feldspar averages 51.2 per-

cent of the framework grains and, similar to the feldspars of Geoffrey

Formation sandstones, have both fresh and altered grains occurring

in the same sample (see Geoffrey Formation Section- -Petrographic

Composition). The potassium feldspars are orthoclase and subordinate

microcline; the plagioclase feldspars are oligoclase, andesine and

subordinate labradorite and albite. The feldspars have sericite,

kaolinite and calcite alteration produces with the potassium feldspar

grains, in general, more thoroughly altered than the plagioclase feld-

spars. Other framework grains are: myrmekite (intergrowths of

alkali feldspar and quartz), amphiboles, pyroxenes, magnetite, sphene,

garnet, and rock fragments. The volcanic rock fragments, to a large

extent,have been diagenetically altered and crushed to form or be
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hardly distinguishable from the matrix. The predominant chemical

cement is calcite which appears to be more common in the Gabriola

Formation than in the Geoffrey Formation.
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PALEOCURRENT ANALYSES

Objectives and Methods of Investigation

Paleocurrent patterns were examined in the Galiano area 1) to

establish the dominant direction of sediment dispersal, and 2) to help

in deducing overall environments of deposition. The preponderance of

directional observations were made along the coastlines of the islands

because of limited inland exposures.

Current directional data were derived from many types of fea-

tures including: asymmetrical ripples, groove casts, festoon cross-

laminations and cross-beds, channel axes, imbricated pebbles, pebble

elongation and oriented carbonized plant fragments. A total of 116

directional observations were recorded for the Spray, Geoffrey, and

Gabriola Formations. Suitable directional current structures were

absent from the limited exposures of the Northumberland Formation.

Post-depositional tilting of the strata necessitated geometric

restoration to original positions. The adjusted measurements have

been plotted on rosette diagrams. Where bidirectional and unidirec-

tional current data are associated, the directional sense of the uni-

directional data is employed to indicate which of the two possible

bidirectional transport directions is the true current direction. Means

for the assembled data were then calculated after the method developed

by Royse (1970).
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Geoffrey Formation

The current transport direction within the Geoffrey Formation

was determined from shoreline exposures along the south end of

Galiano Island and from isolated interior exposures. A total of 57

directional current measurements were obtained from festoon cross-

laminations in channels, imbricated pebbles, and pebble elongation.

The plot of the directional observations has a mean transport directio

of N. 540

W. (Figure 37). The wedging out of the conglomeratic

middle Geoffrey member toward the west northwest and east southeast

and the thinning of the entire formation to the west northwest supports

this direction of transport.

Spray Formation

Current transport directions within the Spray Formation were

determined from exposures along Montague Harbour and Sturdies Bay.

Nineteen channel axes measurements were made from festoon cross-

laminations and cross-beds. Most of the channelets (ranging in width

from 3 inches to 6 inches) occur in fine- to medium-grained sandstones.

A rose diagram of the plotted measurements shows a mean transport

direction of N. 600E. (Figure 38). Gravity flow structures (soft

sediment slumping and flame structures) suggest a somewhat more
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Figure 37. Paleocurrent data for the Geoffrey Formation.
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Figure 38. Paleocurrent data for the Spray Formation.
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northerly declining regional slope. However the transport data for

the Spray Formation is in close agreement with that of the overlying

Gabriola Formation.

Gabriola Formation

Current directional properties within the Gabriola Formation are

indicated primarily by festoon cross-beds and scour channels. Mea-

surements on these features were obtained along the northeast coast-

line of Galiano Island (or paralleling the Gabriola dip slope). Other

current oriented features used were groove casts, asymmetrical

ripple marks, climbing ripple marks, and alligned plant debris. A

total of 40 current directional measurements were plotted and have a

calculated mean of N. 570 E. (Figure 39).

The northeasterly transport direction of the Gabriola Formation

at first approximation is not in agreement with lateral facies changes.

The increase from Saturna and Tumbo Islands toward the northwest in

thicknesses of mudstone sequences intercalated in sandstone sequences

and the decrease in clast size have been noted previously (see Gabriola

Formation--Outcrop aspect). The facies variations are thought to be

the result of sediment distributed by the principal delta distributary

channels which carried detritus parallel to the strandline before branch-

ing into numerous secondary channels that carried sediment to the delta

front. In accord with this interpretation, the larger channels (75 feet
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to 130 feet wide and 10 feet to 25 feet deep) with basal gravel channel-

fill (Figure 34) indicate transport to the northwest. However, the

current transport orientation has been weighted by measurements of

small scour channels (4 inches to 17 feet wide and 2 inches to 8 inches

deep) which probably are the secondary distributary channels.

Postulated Source Areas

Pebble count data summarized in Figure 11 and Figure 35 and

shown in Appendix F. from the Geoffrey and Gabriola Formations show

abundant chert (or silicified rhyolite), quartzite, siliceous plutonic,

andesite and diorite rocks. Modal analyses of the sandstone samples

from the Geoffrey, Northumberland, Spray, and Gabriola Formations

(Appendix E. ) reveal an abundance of quartz (strained quartz, subordi-

nate normal quartz, and minor polycrystalline quartz), plagioclase,

potassium feldspar with subordinate mica and volcanic rock fragments

and accessory mafic minerals. One may surmise from the pebble

count and modal analyses a meta-volcanic, meta-sedimentary and

plutonic source area. Further, the mineralogy indicates rapid trans-

port and burial to have avoided decomposition of the unstable minerals

and hence suggests a proximal source area.

Current directional measurements from the Geoffrey, Spray, and

Gabriola Formations in the Galiano area suggest a southerly (south-

westerly-to-southeasterly) source terrain. Current direction data from
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Gabriola Island (Packard 1972) and Mayne Island (Stickney, personal

communication) also suggest a source area which lay to the south. In

that direction, the most likely sources for the Nanaimo Group sedimen-

tary rocks are the pre-Cretaceous igneous and metamorphic sequences

on Vancourver and Saltspring Islands which were uplifted during the

Late Jurassic or Early Cretaceous.

The pre-Cretaceous stratigraphic succession on Vancouver Island

has been noted (see Regional Stratigraphy). The succession consists

of: 1) Pennsylvanian-Permian Sicker Group (structureless dark-

colored tuffs, volcanic breccias, structureless to amgdaloidal lavas,

cherts, and limestones of greenschist metamorphic rank); 2) Triassic-

Jurassic Vancourver Group (pillow basalts, pillow breccias, calc-

alkaline andesites, dacites, argillites and limestones of sub-greenschist

metamorphic rank); and 3) Middle to Late Jurassic Island Intrusions

(composed of two small grandodiorite batholiths) (Muller 1975).

The crystalline rocks on Saltspring Island, according to Clapp

(1914), represent the remnant of a larger land-mass that could account

for the "prevalence of conglomerate on Prevost and Galiano Islands. "

The crystalline rocks consist of the Sicker Group and associated intru-

sives described by Clapp (1974) as "Tyee porphyrites. " The Tyee

porphyrites are quartz feldspar porphyries, and compositionally are,

according to Muller (1975), granodiorites or monzonites. The
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groundmass and phenocrysts are composed predominantly of plagioclase

with "many conspicuous quartz eyes" and subordinate orthoclase (Muller

1975).

The proximity and lithologic character of the source area, as

indicated by pebble count and modal analyses, coupled with current

transport direction, established from current orientation data, are

in accord with the pre-Cretaceous rocks on Saltspring and Vancouver

Islands being the source of the Nanaimo Group sedimentary rocks.
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STRUCTURE

Regional Structure

The Nanaimo Basin, divided by an axis of crystalline rock

(apparently a landmass during much of Nanaimo Group deposition) into

northwestern and southeastern subsidiary basins, lies at the south-

western edge of the Insular tectonic belt (Sutherland-Brown 1966).

The relative importance of the major structural features in this pro-

vince has been viewed differently by various investigators. Clapp

(1914) and other early workers (Richardson 1872, and Clapp and Cook

1917) recognized that the rocks of the district were ''crumpled into two

complete folds1° (two anticlines and two corresponding synclines) which

they interpreted as the major structural features. Clapp and Cook

(1917) named the major folds from northeast to southwest: 1) Trin-

comali Anticline, 2) Channel Syncline, 3) Thetis Anticline, and 4)

Kulleet Syncline. Alternatively, Simmons (1973) suggests Trincomali

and Thetis anticlines and Channel and Kulleet synclines are fault sepa-

rated parts of the same structural feature; the fold axes having been

offset by a major fault of Saltspring Island. However, the position and

displacement of the offsetting fault remaining unknown, the separate

folds recognized by Ciapp are not conjoined.

Galiano, Mayne, and Samuel Islands lie to the north of the

Trincomali Anticline which extends through Trincomali and Navy
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Channels to Lyall Harbour and across Saturna Island to Deep Cove.

"The anticline is fairly closed on Saturna Island, but opens to the

westward" (Clapp, 1914) (Figure 40).

The Channel Syncline to the south is open on Saturna Island, but

closes to the west. On the east shore of North Pender Island the fold

is open while on the west shore it is closed with a plunge to the north-

west. The Channel Syncline on Prevost Island is asymmetrical with

the west flank steeper.

The Thetis Anticline and Kulleet Syncline, exposed on North and

South Pender, Prevost, Saltspring, and Thetis Islands are asymmetric

with most beds dipping steeply to the north northeast.

Not until the recent studies of Peacock (1935), Buckham (1947),

Sutherland-Brown (1966), Muller and Carson (1969), and Muller and

Jeletzky (1970) was the prominence and importance of faults in the

Nanaimo Basin recognized. Buckham showed a series of sub-parallel

northwest treading faults, many of them scissor faults with north-

eastward downthrow on the south end and southwestward downthrow at

the north end. Peacock (1935) in an earlier study concluded that the

Nanaimo Basin faults, part of a fault system found along the British

Columbia coast, formed in connection with the Late Cretaceous moun-

tain building. Activity along these fractures was renewed after the
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Figure 40. Trincomali Anticline looking northwest along the fold axis extending through Navy,
Channel. North Fender Island is to the left of the picture and Mayne Island is to
the right.
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deposition of Cretaceous sediments. The faults were presumed to

have been caused by approximately vertical movement of large blocks

of the basement rocks resulting from the application of northeast-

southwest oriented compressional stress.

Sutherland-Brown (1966) attributed to faulting not only the dis-

tribution of rocks in the district, but also the compressed and over-

turned northwesterly trending folds. He noted the folds "appear limited

to special adjustments between fault blocks, between massive panels of

volcanic rock, or adjacent to intrusive plutons. "

Muller (in Muller and Jeletzky, 1970) also surmised the dominant

feature of Late Cretaceous to Tertiary structure to be the occurrence

of northeast-dipping fault blocks produced by the main northwesterly

faults of a conjugate fault system. The secondary cross-faults trend

north-northeasterly and may in part be younger for "the logitudinal

faults are in several places offset by cross-faults" (Muller and

Jeletzky, 1970).

Local Structure

The Cxaliano area is structurally simple. The island, lying

entirely to the north-northeast of the Trincomali Anticline, consists of

strata that form a simple homocline dipping to the northeast. Other

than the foid-imposed attitudes on the rocks, the most prominent topo-

graphic features (bays, small re-entrants, salients, ridges, valleys,
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swamps, and principal drainage) are stratigraphically controlled.

Faults are not common and fractures, while ubiquitous, have little

topographic expression. Where the fractures or faults intersect the

coastline, the affected rocks, structurally weakened and having a larger

exposed surface area, are less erosionally resistant. Differential

erosion by wave and ocean spray has then produced narrow inlets or

bays. Inland, the trend of intense fracture zones may be recognized

by: 1) lineations on aerial photographs, and 2) breaching of normally

resistant sandstone ridges. At no locality was there notable: 1) jux-

taposition of normally separate formations, 2) repetition of stratigraphy,

3) truncation of dip slopes, or 4) displacement bedding.

Faults

The faults in the Galiano area are relatively unimportant. Strike

faults are absent and transverse faults have throws too small to signi-

ficantly offset formation contacts. The fault system trends N. 200 E.

and consists of steeply dipping, 800 to 900, normal faults, southeast

block down relative to northwest block. The two faults mapped on

Plate 1 (intersecting the northwest coast of Galiano 1/4 mile northwest

of Matthews Point and 1/2 mile northwest of Montague Harbour

Provincial Park) are interpretive and based on: 1) topographically

expressed dislocations in ridges, and 2) marked changes in the atti-

tudes of strata approaching the vicinity of these dislocations. Total
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displacements are not known. Other smaller traverse faults, having

throws ranging from 6 to 12 inches, although numerous are not map-

pable at the scale used in this study.

Previous authors have shown a fault through the lowland extending

from Georgeson Bay to Salamanca Point, but no positive field evidence

was found at either Georgeson Bay or Salamanca Point to support the

presence of this feature. As an alternative to a fault produced valley,

the lowland is suggested to be the remnant of an earlier ocean channel

(similar to the present day Active Pass) which existed at a time of

relatively higher sea level. The course of the channel was strati-

graphically controlled by contrasts in the erosional resistivity of the

rocks resulting from: 1) facies changes in the Geoffrey Formation at

Georgeson Bay (conglomerates replaced by sandstones to the southeast

of Georgeson Bay), and 2) thinning and intertonguing between the Spray

Formation mudstones and Geoffrey Formation sandstones. A similar

situation also occurs along the southeast coast of Galiano Island. Here

a fault has previously been projected from the cove south of Scoones

Point to Whaler Bay along a narrow topographic lowland. This linea-

ment, while in part being the product of fracturing, represents a zone

along which the erosionally non-resistant Spray Formation tongues out

into the erosionally resistant Geoffrey Formation. Therefore,
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differential erosion between the Spray and Geoffrey Formations is con-

sidered primarily responsible for the development of this topographic

feature.

Fractures

Some parts of the coast are so badly broken by closely spaced

sub-parallel fractures that they resemble fault crushed zones. However,

the absence of offset, gouge, breccias, and slickensides distinguish

these zones from true fault zones. The zones, termed fracture zones,

are persistent and may be mapped across the area. The larger frac-

ture zones, ranging up to 3/4 mile wide, are plotted on Plate 1. These

fracture zones occur along the trend of faults projected towards Galiano

Island from Saltspring and Vancouver Islands (Muller, 1975) and pro-

bably represent the termination of those faults; and therefore, the stress

system producing the fractures is probably the same as that responsible

for the faults.

The fracture system in the Galiano area was analyzed as one pos-

sible means of adding to the knowledge of the stress system responsible

for the faults and fractures in the Gulf Islands. In the field, attitudes

were recorded from 600 fracture planes. Poles to these planes were

plotted on the lower hemisphere of a Schmidt equal area stereonet and

a contour diagram was prepared from the assembled data (Figure 41).

From this diagram, two pronounced fracture systems are apparent:
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1) one trending N. 240 E. and dipping either to the southeast or north-

west 800 to 900, and 2) another trending N. 450 W. and dipping 800

southwest. The two systems form a conjugate set and are considered

shear fractures. According to the mechanics of rupture (Billings 1972),

the orientation of the maximum stress (6;) would be N. 10 1/2 0
W.

while the intermediate stress ((r-Z) would be N. 80 1/20 E. The results

of this analysis, though by no means conclusive, suggest that the

fractures in the Galiano area were subjected to a stress which caused

compression in a northwest- southeast direction.
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PALEOENVIRONMENTAL RESTORATION

Paleogeography

The Upper Cretaceous rocks of Vancouver Island and the Gulf

Islands are found in five basins: Nanaimo, Comox, Cowichan, Alberni,

and Suquash (Buckham 1947). These present 'basins' probably result

from post-Cretaceous block faulting and tilting with preservation of the

Cretaceous strata in structurally depressed areas (Muller and Jeletzky

1970). Sutherland-Brown (1966) has shown that during Cretaceous time

one large basin occupied the Strait of Georgia, Nanaimo and Comox

Basins and adjacent outliers on Vancouver Island, and a part of the main-

land (including the Garibaldi area). Muller (Muller and Jeletzky 1970),

based on field relationships, suggests the basin discerned by Sutherland-

Brown also encompassed the Alberni area through a connection with

the Comox 'basin' during Late Cretaceous time. Coastal lowlands

bounded and separated the basin on the south and southeast from the

coastal mountain range along the axis of Vancouver Island uplifted

during the Early Cretaceous. The lowlands while relatively flat com-

pared with the mountain range, developed relief of at least 440 feet

prior to the beginning of Nanaimo Group deposition (Buckham, 1947).

A seaway across southern Vancouver Island connected the basin to the

Pacific Ocean during late Santonian to middle Companian time. In
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late Campanian to early Maestrichtian time, the seaway shifted and

access to the Pacific Ocean was across the northern part of Vancouver

Island (Muller and Jeletzky 1970).

Nanaimo Group Deposition

Coastal and deltaic paleoenvironments

The Upper Cretaceous Nanaimo Group was deposited on and across

the irregular topography of the coastal lowlands. The lithologic char-

acter of the sedimentary rocks was early assessed by Clapp (1914) as

indicating rapid accumulation. The sandstones are composed of a high

percentage of angular to subangular unstable clasts (feldspar, amphi-

boles, pyroxenes, and volcanic rock fragments) which could not have

traveled far and must have been rapidly buried to have avoided decom-

position. Buckham (1947) indicates that few individual beds in the

Nanaimo Group are persistent for any distance and that "the series

(Nanaimo Group) is made up of a great pile of overlapping lenses. "

The sedimentary succession of the Nanaimo Group consists of

marine and non-marine formations and is viewed by Muller and

Jeletzky ( 1970) as a series of transgressive cycles based on: 1) lith-

ology, 2) intertonguing relationships between formations and, 3) a

similarity to the magacyclothems of the Upper Cretaceous formations

on the eastern side of the Cordillera. Each cycle exhibits a
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progression from fluvial to deltaic and/or lagoonal to near shore marine

and offshore marine. The marine formations are characterized by a

predominance of finely laminated to thin-bedded mudstones, slump

structures, and the presence of marine fossils (ammonites, Inoceramus,

foraminifera, and trace fossils). Characterizing the non-marine for-

mations are thick- to very thick-bedded sandstones and conglomerates,

carbonized plant fragments, and coal. Sedimentary structures include;

mudcracks, mudflakes, and in one locality imprints of rain drops

(Buckham 1947).

The early Nanaimo Group Formations (Benson Formation to

Cedar District Formation) containing the coal measures were deposited

during two stages or cycles, each closed and separated from succeeding

deposits by a period of marine sedimentation. Deposition during these

stages was over the irregular topography of the coastal lowlands lying

between the coastal mountains of Vancouver Island on the west and the

sea on the east. As hypothesized by Buckham, the sandstones with the

coal measures were deposited in large lagoon-like areas separated

from the sea by barrier bars formed by coastal processes redistribu-

ting the sediment discharge of streams that eroded the coastal moun-

tains. The onset of marine sedimentation in these coastal regions may

have been produced by one or more factors. The rapid deposition and

accumulation of thick sedimentary sequences indicates the basin was

actively subsiding, According to Buckham (1947), coal could form
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only during those periods when sediment supply with consequent up-

building of the basin equaled basin subsidence. The lack of thicker

more widespread coal seams indicates the shoreline did not remain

stationary for long at any locality. A relative shift in sea-land rela-

tionships with initiation of marine sedimentation could result from

either an increase in basin subsidence or a decrease in sediment

supply to the shoreline. Sediment supply could be curtailed by: 1)

divergence of fluvial input, 2) change in basinal energy and hence the

ability and/or direction in which supplied sediment is redistributed or,

3) lowering of the drainage basin relief with a resultant decrease and

change in the type of sediment discharged. Alternatively, an absolute

eustatic rise in sea level could occur inducing a general marine trans-

gression.

The Upper Nanaimo Group Formations are present in the Gulf

Islands and on north Vancouver Island. Whether the present day dis-

tribution of the formations is predominantly depositional or erosional

remains unknown. The sedimentary succession of the Upper Nanaimo

Group consists of sandstone and/or conglomerate formations alterna-

ting with mudstone formations. Muller and Jeletzky surmise that

deposition of these formations occurred in deltaic and marine environ-

ments representing a time when deltaic fans issued from separate

streams onto the coastal plain. Muller suggests the formations of

deltas on: 1) geometry--the conglomerates are localized and appear



126

to be concentrated only on Hornby and Denman, Gabriola and Saltspring

to Mayne; 2) facies relationships- -the conglomerates probably inter-

tongue with sandstone and mudstone; 3) sedimentary structures, tex-

tures, and mineralogy--the formations were deposited and buried

rapidly. Muller's interpretation is also subscribed to by Packard

(1972) who believes that Gabriola Island was the site of a deltaic fan

because of: 1) the numerous channels in the conglomerates, 2) inter-

tonguing between conglomerates and sandstones and, 3) the relationship

between the conglomerates and succeeding marine mudstones suggest-

ing rapid deposition and burial of land-derived clastics in a marine

environment.

The total assemblage of lithologies, grain sizes, facies and

formation relationships, and sedimentary structures indicate the

development of a deltaic complex in the Galiano area. Deltaic sedi-

mentation is suggested by intertongued non-marine conglomerate and

coarse sandstone deposits with fossiliferous, rhythmically interbedded,

evenly laminated mudstones and sandstones, abundance of channeling,

abundance of aqueous current stratification, evidence of rapid deposi-

tion on gentle slopes as revealed by gravity load structures (clastic

dikes, dish structures, load marks), contorted bedding, and as pointed

out by Muller and Jeletzky, the wedging out of conglomerates from

Galiano Island southeast to Mayne Island and northwest to Saltspring

Island.
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Deltas, primarily because of the economic value of ancient

buried deltas as hydrocarbon reservoirs, are one of the most exten-

sively studied of modern environments. The prodigious amount of data

generated in many delta studies has been summarized by Bates (1935)

andaptly synthesized in the comparative delta studies of Morgan (1970),

Coleman and Wright (1975), and Galloway (1975). These studies indi-

cate that a delta can be characterized as a complex seaward thickening

contiguous wedge of sediment which encompasses several subaerial as

well as marine subenvironments developed at the site where a stream

issues into the ocean basin (Galloway 1975). Delta Formation requires

only that a stream bring more sediment into the sea than can be redis-

tributed by tide, wave, and marine currents. In such a situation, the

stream deposits progressively finer detritus concentrically away from

the point of egress as the kinetic energy of the unconfined stream flow

dissipates from horizontal spreading of the sediment-laden fresh water

over the more dense sea water. The sedimentation process is charac-

terized by rapid deposition and frequent shifting of position of the

various environments as the stream distributaries extending across

the prograding sediment pile become over-extended and are abandoned

for new, shorter, and steeper gradient channels; "fluvial construction

alternates with marine destruction continually from place to place"

(Dott 1966).
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Modern delta studies of large river systems have led to the

recognition and inclusion as component delta parts of a number of

specific environments. The classical three-part division of the delta

into subaerial delta plain, delta front, and delta slope-prodelta have

each been subdivided: the delta plain environment includes distributary

levees, interdistributary basins, crevasse splays, beach distributary,

estuarine, and tidal channels. The delta front encompasses channel

deposits, river mouth bars, and barrier bars, while the delta slope-

prodelta has been divided into proximal and distal deposits. Many of

these subenvironments are common to one or only several individual

recent delta complexes. In the Galiano delta, complex environments

analagous to modern deposits are hidden by the size of the deposit and/

or lack of exposure, lost through erosion, or were never formed.

Further, the sediment wedge, 7, 600 feet to 10, 000 feet thick (Buckham

1947), has led to local differential sediment compaction as well as

basin subsidence which have modified, sometimes to the point of totally

obscuring, the depositional environments. Tectonic subsidence, fault-

ing and folding, and coarse size of sediment also have acted to produce

difficulty in relating the Cretaceous deltaic environments to modern

delta analogs. The lithologies in the Galiano map area are most closeIF

analogous to ancient delta deposits such as: 1) the Pennsylvanian

Haymond Formation, interpreted by Flores (1975) as a short headed

stream delta deposit and, 2) the Late Jurassic and Early Cretaceous
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age sedimentary rocks in southwestern Oregon described by Dott (1966)

as a sedimentation model in a tectonically active area which fits the

tectonic delta model of Friedman and Johnson (1966). The Upper

Nanaimo Group has in common with these deposits: 1) an average

grain size greater than the norm for modern deltas constructed by

large river systems, 2) associated flysch-like sand-mud sequences

not common to large river-formed deltas, 3) proximity to sediment

source, and 4) in the Galiano and southwestern Oregon areas, associa-

tion with tectonically active areas. These features, as exemplified in

the Haymond Formation, Flores (1975) formulated into the short-

headed stream-delta model which consisted of lower clay, silt-sand

couplets representing delta slope-prodelta and delta front deposits,

and upper bouldery gravels and sands typifying delta plain deposits.

Relative short distances between the source of sediment supplied to

the basin and site of deposition would result in coarser sizes in the

delta plain. In addition, "the flysch-like deposits on the delta front

would form as a result of periods of high run-off in a restricted source

projecting coarse sediment across the delta plain onto the delta front

and prodelta" (Flores 1975).

Distributary channels, interdistributary bays, delta front and

delta slope-prodelta enviornments can be recognized in the strati-

graphic succession of Galiano Island, but no paleoenvironment

restoration comparable in detail to that of a modern delta formed by a
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large river system is possible. The short headed stream delta model

of `lores is singularly applicable to delta formation in the Nanaimo

Basin where a proximal sediment source is discernible in the range of

mountains extending along central Vancouver Island as well as in an

uplifted land mass of crystalline rock located in the vicinity of Salt-

spring Island. As pointed out by Clapp (1914), this latter source might

well account for the prevalence of conglomerate on Galiano Island.

Evolution of the Delta in the Galiano Area

The Northumberland Formation, consisting of alternating graded

sandstones and mudstones, is similar to flysch-like deposits of the

Haymond Formation described by Flores (1975) as occurring on the

delta slope or prodelta and representing the earliest stage of deltaic

deposition. The flysch-like (normally graded sandstone-siltstone-

mudstone) strata having incomplete Bouma-like sequences possible

represent deposition by turbidity currents (Middleton and Hampton

1973). Similar sedimentary rocks are reported from the delta slope-

prodelta environments in the delta complexes of the: 1) Difunta Group

(McBride et al. 1975), the Eocene sedimentary rocks of southwestern

Oregon (Dott 1966) and in the Haymond Formation (Flores 1975). How-

ever, Flores offers a depositional interpretation other than by turbidity

currents. Considering the deposits to reflect proximity to the source

terrain, deposition occurred during periods of high runnoff in a
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restricted source projecting sediment across the delta plain to the

delta slope. These coarse sediments would alternate with shallow

marine muds representing long periods of normal fine grained sedi-

mentation during which clays and silt-size suspensates flocculated

and settled onto the delta-slope and prodelta. Scarcity of fossils,

coupled with the coarseness of detritus, suggest sediment influx

occurred in amounts greater than many organisms could tolerate.

The Northumberland, as it does in the Galiano area, commonly

occurs as marine tongues enclosed in the coarser sediments of the

Geoffrey Formation, thus suggesting rapid and frequent marine trans-

gressions. McBride et al. (1975) attribute environmental shifts of

this nature to avulsion of the main channel to a new area and subsequent

compactional subsidence of the abandoned lobe.

Paleocurrent data were not observed in the Northumberland.

However, as exemplified in the sand-shale ratios on Parker and

Galiano Islands, the increase of intercalated coarse elastics in the

mudstones toward the south southeast suggests the source terrain was

to the south southeast; while slumping and prolapse bedding probably

reflect a moderate northward submarine slope.

The lower and middle members of the Geoffrey Formation repre-

sent the first recognizable progradational phase of the delta in the

Galiano area. Lateral thickness and facies changes between the pre-

dominantly older Geoffrey Formation and the Northumberland
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Formation are evident from the studies of adjacent islands (Muller and

Jeletzky 1970, Hanson 1975, Sturdavant 1975) and show: 1) a wedging

out of the middle Geoffrey member, 2) intertonguing sequences of

marine Northumberland mudstones with sandstones of the lower

Geoffrey member which pinch out to the south southeast, and 3) an

upward-coarsening sedimentary succession- -from mudstones-to-

sandstones-to-conglomerates. According to Selley (1970) upward

coarsening sedimentary sequences are suggestive of delta deposits,

and coupled with vertical repetition of these sequences (due to repeated

crevassing and delta lobe abondonment) producing a thick clastic deposit

identify ancient deltas.

The thick sandstones of the lower Geoffrey member are inter-

preted as delta from sheet sands following the usage of Gould (1970) for

similar deposits in the Mississippi delta complex and Flores (1974,

1975) and McBride et al. (1975) for corresponding deposits in the

Haymond Formation and Difunta Group respectively. Using recent

deltas as analogs, the depositional process resulting in these deposits

is the redistribution of sands from channel-mouth bars along the delta

front by marine currents and/or the coalescence of channel mouth bars

by shifts in distributaries. Although this sedimentation process

accounts for most of the sandstones, some sandstones may have been

deposited by turbidity currents and gravity-slide as is indicated by
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Bouma-like sequences in the sandstones enclosing the marine

Northumberland tongues in the Payne Bay vicinity.

Fluvial conglomerates of the middle Geoffrey member overlying

the lower Geoffrey member at Mount Sutil on Galiano Island, wedge out

in the sandstones of the lower and upper Geoffrey members to the north-

west and southeast. The overall channel lense-like geometry, well

rounded, poorly sorted boulders, cobbles and pebbles suggest these

were distributary channel-fill deposit of the delta plain (Flores, 1975)

or, following the terminology of Gilbert (1890), top set beds. The

associated deposits of mudstone ripups are considered to have formed

by scour of cohesive delta slope deposits as channels were initially

cut, and by subsequent gravity mass flow.

Two stages of deltaic progradation (marine regression) repre-

sented by the lower and middle Geoffrey members and by the Gabriola

Formation are separated by a transgressive phase (delta regression)

represented by the upper Geoffrey member and the Spray Formation.

These phases may be regional in extent. Beginning of the marine trans-

gressive phase resulted in extensive winnowing and concentration of

coarse clastics. The planar bedded conglomerates of the upper middle

Geoffrey member may reflect the modification of fluvial gravel channel-

fill by wave flux and tidal currents as the strand moved southward.

According to Galloway (1975) only confined fluvial flow, wave flux, and

tidal currents have the capability of transporting significant quantities
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of coarse detritus. Thus as the strand shifted, due probably to a

decrease in sediment influx, the gravels trapped in distributary chan-

nels would be subjected to progressively longer periods of reworking

by wave and tidal currents.

The parallel bedded conglomerates, sandstones of the upper

Geoffrey member, and the marine Spray Formation mudstones, together

forming an upward fining sequence, are interpreted as a southward

readvance of the strand. The marine transgression toward the south

is considered to reflect only shifting of delta distributary lobes with

sediment compaction and continued basin subsidence rather than a rela-

tive absolute change in land-sea level.

The sandstones of the upper Geoffrey member are similar to the

lower Geoffrey member sandstones and deposition is considered to have

occurred on the delta front. However, the younger sandstones of the

upper Geoffrey member evidence very rapid deposition (liquefaction

structures- -diapirs, clastic dikes- -contorted bedding, and amalgama-

tion of sandstone beds) and interfingering with marine mudstones of the

Spray Formation suggestive that gravity flow (turbidity, grain flow and

fluidized flow) was an important sedimentation process.

The alternating sandstones and mudstones composing the Spray

Formation are assigned the same depositional environment, delta slope-

prodelta, as the deposits of the older Northumberland Formation. The

two formations are similar in lithology and sedimentary structures.
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The Spray Formation occurs as the end of an upward fining sequence

and also represents the beginning of an upward coarsening sequence

with the overlying Gabriola Formation considered to be the last strati-

graphically recorded cycle of delta construction on Galiano Island.

Deposition of the predominantly sandstone Gabriola Formation

terminated marine deposition in the Galiano area and evidently through-

out the Nanaimo Basin. The Gabriola is considered a constructive

phase of delta sedimentation. Unlike the Spray Formation the Gabriola

does not have an analog in the Nanaimo Group sedimentary succession

on Galiano Island. The formation differs from the Geoffrey Formation

in having laterally continuous thick mudstone sequences alternating

with sequences of sandstone, lacking conspicuous conglomerates

(except on Tumbo Island), and containing shallow water structures,

organic debris and thin coal lamellae. However, the mineralogical

and textural features (including the results of sieve analyses) are

similar between the Gabriola and the older Geoffrey Formation. The

differences between the Gabriola and preceding formations predomi-

nantly reflect a change in the stream regime supplying sediment.

According to Packard (1972) tectonic conditions in the basin and

basin drainage area altered from those pertaining at the time of

Geoffrey and earlier deposition. He suggests that the Spray Formation,

thinner than the Northumberland and with less fauna and more pyrite

concretions, indicates a restricted marine environment produced by



136

an absolute lowering of sea level in the Nanaimo Basin. Further,

Packard (1972) interpreted the lack of conglomerate in the Gabriola

Formation to reflect diminishing tectonic activity in the coastal range

of Vancouver Island. Although entirely probably that the tectonic con-

ditions at the time of Gabriola deposition had changed, the conglomerates

on Tumbo Island suggest the source area was still capable of supplying

coarse clastics. Alternatively, though probably acting in accord with

the suggested tectonic conditions, the difference in the Spray and the

Gabriola Formations reflects a change or maturing of the delta. As

pointed out by Galloway (1975), a delta in the initial stages commonly

consists of one depositionally active lobe; however, as the delta pro-

grades into the basin, the location of maximum deposition shifts, con-

structing a more complex deltaic depositional system.

The Gabriola conglomerates on Tumbo Island have gravel channel-

fill and large-scale crossbeds (Muller and Jeletzky 1970) and are inter-

preted as the deposit at the delta river head of a large river system.

The coarse- to medium-grained sandstone sequences on Galiano Island

represent the deposits of the principal and secondary distributaries of

this system. Similar deposits have been described by Visher et al.

(1975) in the Coffeyville Format deltaic complex. The linearity of the

sandstone beds, basal gravel channel-fill, and scattered pebbles,

suggest low sinuosity and moderate gradients for the distributaries.
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The thick sandstones (in places showing parallel laminations followed

by climbing ripples) overlying the contact with the Spray Formation may

represent barrier bars.

The mudstones with interbedded sandstone sequences are inter-

preted as interdistributary areas. Coal lamellae, organic debris,

asymmetric ripple marks, mudcracks, and small channels are features

of the deposit. Though not separable, these deposits probably repre-

sent sediment accumulation resulting from crevasse splays, overbank

flooding and less frequently marine flooding during storms.

A comparison of the delta complex on Galiano Island with des-

cribed recent deltas indicates that: 1) no single delta may serve as a

model for upper Nanaimo Group deposition, and 2) the Galiano area

delta differs from modern deltas in containing much coarser size detritus

and the association with flysch-like prodelta-delta slope deposits. The

absence of a modern recent analog is to be expected considering: 1)

the geologically short time of modern delta development since the

Pleistocene, and 2) the unlikelihood of matching all the controlling

variables of an ancient delta to those of a modern delta.
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APPENDIX A

MEASURED SECTION A-B, NORTHUMBERLAND FORMATION

Section A-B forms the southwest to northeast shoreline of the tombolo between Parker Island
and the islet off its northwest coast. The section encompasses a tongue of the Northumberland
Formation enclosed in the Geoffrey Formation and was measured to provide a detailed descriFtion
of the formation and its stratigraphic relationship with the Geoffrey Formation which is known to
overlie the Northumberland Formation from regional studies.

Terminal point (B, Plate 1) is approximately 150 feet northwest of the southeast tip of the
islet off the northwest coast of Parker Island and 25 feet above sea level. Bearings from the terminal
point to Winstanley Point and the highest point on Mount Sutil are S. 600 E. and S. 440 E. respec-
tively.

Contact at B: Geoffrey Formation and the underlying Northumberland Formation, Main Tongue
1 (Kn 1); sharp, planar.

Interval (feet) Description

Northumberland Formation, Main Tongue 1 (Kn 1) (Minimum thickness = 482 feet).

482-480 Interbedded mudstone-sandstone sequence: non-resistant:
Mudstone: yellowish gray (5Y 7/ 2) to light olive gray (5Y 6/ 1)

weathered; medium dark gray (N 4) fresh; laminated (3-5 per inch);
weathers to chips 1/4 to 1/ 2 inch thick. Upper contacts with overlying
sandstone sharp, planar; lower contacts with underlying sandstone grada-
tional over 1/2 to 1 inch.

Sandstone: yellowish gray (5Y 8/ 1) weathered; thinly bedded
(1/4-1 inch), beds laminated (10-15 per inch) and/or trough cross-
laminated and occur 2 to 6 inches apart; finerto very fine-grained;
poorly sorted; non-calcareous; angular quartz, feldspar, biotite,
muscovite. Upper contacts with overlying mudstone gradational over
1/2 to 1 inch; lower contacts with underlying mudstone sharp, planar.

Typical sequence (in.

i. mudstone ...................... 6

h. sandstone ..................... .25
g. mudstone ...................... 4

f. sandstone .... ... ....... ........ 1

e. mudstone .. .. ........ ........ .. 2

d. sandstone ...................... .2S

c. mudstone ...................... 4

b. sandstone ....... ... .... .. .. . ... 1.5
a. mudstone .... .............. .... 5

480-479. 5

Contact: Sharp and planar.

Sandstone: resistant rib-former; yellowish gray (5Y 8/1) weathered;
lower 3 inches structureless, middle 1 inch trough cross-laminated,
upper 1 1/2 inch laminated (15-20 per inch); medium-grained grading
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Interval (feet) Description

479. 5-477

477-476

476-472

472-470

470-469.5

upward into 1 1/2 inch of clay; poorly sorted; non-calcareous; angular
quartz, feldspar, biotite, muscovite.

Contact: sharp and planar.

Interbedded mudstone-sandstone sequence as at 480.

Contact: gradational over 2 inches into underlying sandstone.

Sandstone as of 479. S.

Contact: sharp and planar.

Mudstone: non-resistant; light olive gray (5Y 6/ 1) weathered;laminated
(2-5 per inch); non-calcareous; weather to chips 1/4 inch thick.

Contact: gradational over 3 inches into underlying sandstone.

Sandstone as of 479. 5.

Contact: sharp and planar.

Mudstone as at 472.

Contact: sharp and planar.

Sandstone: resistant rib-former; yellowish gray (5Y 8/ 1) weathered;
medium bedded (3-4 inches); medium-grained; moderately sorted;
non-calcareous; angular to subangular angular, feldspar, biotite.

467-466. 5

466.5-466

466-465.5

465.5-465

Contact: sharp and planar.

Mudstone as at 472.

Contact: gradational over 3 inches into underlying sandstone.

Sandstone: resistant rib-former; yellowish gray (SY 8/ 1) weathered;
laminated (7-12 per inch) at base, top 2 inches cross-laminated;
medium-grained; moderately sorted; non-calcareous; angular quartz,
feldspar, biotite, muscovite.

Contact: sharp and planar.

Mudstone as at 472.

Contact: gradational over 2 1/2 inches into underlying sandstone.

Sandstone: resistant rib-former; yellowish gray (5Y 8/ 1) weathered;
laminated (7-12 per inch); medium-grained; poorly sorted;

469.
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Interval (feet) Description

465-463

463-461

461-460.5

460.5-431.5

non-calcareous; angular quartz, feldspar, biotite, muscovite.

Contact: sharp and planar.

Sandstone as at 479. 5.

Contact: sharp and planar.

Interbedded mudstone-sandstone sequence as at 480.

Contact: gradational over 1 inch into underlying sandstone.

Sandstone as at 479. 5.

Contact: sharp and planar.

Interbedded mudstone-sandstone sequence: non-resistant:
Mudstone as at 480. Upper contacts with overlying sandstone

sharp, planar; lower contacts with underlying sandstone gradational over
1/2-1 inch.

Sandstone as at 480; rare pyrite concretions up to 10 inches in
diameter. Upper contact gradational over 1/2-1 inch, lower contact
sharp, planar.

Typical Sequence (5 feet) (in.

y. mudstone . .... . .. ......... . .... 7

x. sandstone ...................... 1.25
w. mudstone ...................... 5

v. sandstone .. .. . ...... . ...... .... .5
u. mudstone ...................... 5. 5

t. sandstone ...................... 1

s. mudstone ...................... 2

r. sandstone ........ .. .. .. .. ...... 1.25

q, mudstone . . .. .. .. . . .. . . . .. . . . .. 2

p. sandstone ...................... .25
o. mudstone ...................... 3

n. sandstone . ..... ... . .. ... . .. .... .25
m. mudstone ...................... 2

1. sandstone ...................... 1

k. mudstone ............ .......... 4

j. sandstone ........ .............. .5
i. mudstone ...................... 4

h. sandstone .. . . .. .... . . ... . . . .. . . 5

g. mudstone . . .... . ..... ... ... .... 5

f. sandstone ...................... .25
e. mudstone .... .. . ... .. .. ... . .... 2.5
d. sandstone . .. . .. ... . ... . . ... .. .. 1

c. mudstone ...................... 6
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Interval (feet) Description

b. mudstone . .. . .. .. .. ........ .... .25
a. mudstone ... . . . ... . .. ...... .. .. 4

431. 5-431

431-424.5

424. 5-424

424-397.5

Contact: sharp and planar.

Limestone: resistant rib-former; dark reddish brown (10R 3/4) to
yellowish gray (SY 7/2) weathered; dark gray (N 3) fresh; bedded (4
inches) with stringers of very fine grained, angular sand.

Contact: sharp and planar.

Interbedded mudstone-sandstone sequence: non-resistant.
Mudstone: light gray (N 7) weathered; medium gray (N 5) fresh;

laminated (3-5 per inch) with intercalated non-calcareous silty layers
up to 1/8 inch thick; weathers to chips 1/3 to 1/5 inch thick. Upper

contacts with overlying sandstone sharp, planar; lower contacts with
underlying sandstone gradational over 1/2 to 1 inch.

Sandstone: yellowish gray (SY 8/ 1) weathered; thinly bedded
(1/4-1 inch) and occur 2 to 11 inches apart; medium- to fine-grained;
poorly sorted; calcareous; angular to subangular quartz, feldspar, biotite,
muscovite. Upper contacts gradational over 1/2 to 1 inch; lower con-
tacts sharp, planar.

Contact: sharp and planar.

Sandstone: resistant rib-former; very light gray (N 8) weathered; indis-
tinctly bedded; very coarse-grained; moderately sorted; calcareous;
angular quartz, feldspar, biotite, lithic fragments.

Contact: sharp and planar.

Interbedded mudstone-siltstone sequence: non-resistant:
Mudstone as at 480. Upper and lower contacts sharp, planar.
Siltstone: light olive gray (5Y 5/2) weathered; bedded (1/4-1/2

inch) and occur 4 to 10 inches apart; very fine to silt grained; poorly
sorted; non-calcareous; angular quartz, feldspar, biotite, muscovite;
aligned plant debris. Upper and lower contacts sharp, planar.

Sandstone dikes cut the interval. They are: very light gray (N 8)
weathered; coarse to medium-grained; poorly sorted; calcareous; angular
quartz, feldspar, biotite, lithic fragments; randomly oriented; 1-5 inches
thick.

Typical Sequence (5 feet) (in. )

i. mudstone 6

h. siltstone 25

g. mudstone 16

f. siltstone 25

e. mudstone 18
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Interval (feet) Description

d. siltstone ...................... .25
c. mudstone ...................... 8

b. siltstone ...................... .25
a. mudstone ...................... 11

397.5-384

384-369.S

Contact: sharp and planar.

Mudstone: non-resistant; light gray (N 7) weathered; medium light gray
(N 6) fresh; laminated (3-7 per inch) with minor intercalated non-
calcareous silty layers up to 1/4 inch thick; exhibits a circular concre-
tionary weathering pattern but lack core fragments (termed pseudoconcre-
tions).

Contact: sharp and planar.

At 384 offset 900 feet southeast along top of beding plane to avoid
vegetation and sandstone debris covered interval, attitude N. 50° W.
dip 25° N. E.

Sandstone: resistant ridge-former; yellowish gray (5Y 8/ 1) weathered;
indistinctly bedded; very coarse-grained imperceptibly grading upward
into medium-grained sand; moderately sorted; non-calcareous; angular
quartz, feldspar, biotite, muscovite, lithic fragments. Interval con-
tains calcareous sandstone concretions 1 1/2 to 5 feet in diameter.
Concretion mineralogy same as that of the interval; weather dark yellow-
ish brown (10YR 5/4).

Contact: sharp and planar.

369.5-327.5 Mudstone as at 384; weather in chips 1/4-1/2 inch thick.

Contact: gradational.

327. 5-317 Interbedded mudstone-sandstone sequence as at 480.

317-117 Covered by mud beach; presumably non-resistant mudstone or interbedded
mudstone-sandstone.

117-80 Interbedded mudstone-sandstone sequence: non-resistant:
Mudstone as at 424. S. Upper contacts with overlying sandstone

sharp, planar, lower contacts with underlying sandstone gradational
over 1/2 to 2 inches.

Sandstone as at 480; top of beds intensively burrowed. Upper
contact gradational over 1/2 to 2 inches; lower contact sharp, planar.

Contact: sharp and planar.

80-79.5 Mudstone: non-resistant; medium dark gray (N 4) weathered; indistinctly
bedded; calcareous.
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Interval(feet) Description

Contact: sharp and planar.

79.5-78.5

78.5,63. 5

63. 5-63

63-33

33-32.5

32.5-29

29-28.5

28.5-27.5

27.5-27

Mudstone: non-resistant; grayish red (IOR 4/2) weathered; medium gray
(N 5) fresh; bedded (3/4-1 inch), laminated (15-25 per inch); non-
calcareous; well indurated; weathers in thin plates 1/5 inch thick.

Contact: gradational over 8 inches into underlying sandstone.

Interbedded mudstone-sandstone sequence as at 80.

Contact: gradational over 1 inch into underlying mudstone.

Mudstone as at 79. 5.

Contact: sharp and planar.

Interbedded mudstone-sandstone sequence as at 80.

Contact: gradational over 1/2 inch into underlying mudstone.

At 63 offset 450 feet northwest along top of bedding plane to avoid
water, attitude N. 500 W. dip 290 N. E.

Mudstone as at 79.5

Contact: sharp and planar.

Interbedded mudstone-sandstone sequence as at 80.

Contact: gradational over 2 1/3 inches into underlying sandstone.

Sandstone: resistant rib-former; grayish orange (10YR 7/4) weathered;
lower 3 inches laminated (3-4 per inch), middle 1 inch laminated (7-10
per inch, top 2 inches trough cross-laminated grading into laminated
clay (7-10 per inch); coarse-grained imperceptibly grading upward into
clay; poorly sorted; calcareous; angular quartz, feldspar, biotite.

Contact: sharp and planar.

Mudstone: non-resistant; yellowish gray (5Y 7/2) to medium dark gray
(N 4) weathered; medium gray (N 5) fresh; laminated (2-4 per inch);

non-calcareous; weathers to chips 1/2 to 1/4 inch thick.

Contact: sharp and planar.

Mudstone: non-resistant; yellowish gray (5Y 7/2) to grayish yellow

(SY 8/4) weathered; laminated (2-3 per inch) with intercalations of
clay; clay to very fine grained sand; calcareous. Weathering produces



151

Interval (feet)

27-0

Description

a textured surface similar to concrete or stucco.

Contact: sharp and planar.

Interbedded mudstone-sandstone sequence: non-resistant:
Mudstone: light gray (N 7) weathered; medium dark gray (N 4)

fresh; laminated (2-8 per inch); non-calcareous; weather to chips 1/4 to
1/2 inch thick. Upper contact with overlying sandstone sharp, planar;
lower contact with underlying sandstone gradational over 1/4 to 1/2 inch.

Sandstone: light olive gray (5Y 6/1) weathered; bedded (1 1/2-1
inch), laminated (10-15 per inch), beds occur 8 to 25 inches apart;
medium- to very fine-grained; poorly sorted; calcareous; angular to
subangular quartz, feldspar, biotite; tops of beds intensively burrowed;
common pyrite concretions 1/2 to 1 inch in diameter. Upper contacts
with the overlying mudstone gradational over 1/4 to 1/2 inch; lower
contacts with the underlying mudstone sharp, planar.

Typical Sequence (5 feet) (ins. )

e. mudstone .. .. .... . ....... .. . . .. 23

d. sandstone ...................... 1.5

c. mudstone ...................... 11

b. sandstone ...................... .5
a. mudstone . ... ... ....... ...... .. 24

Contact at A: Northumberland Formation, Main Tongue 1 (K
1

) and Geoffrey Formation,

Tongue 1 (Kgfl1); sharp, planar.

Initial point (A, Plate 1) is located on the northwest coastline of Parker Island at the base of
the prominent sandstone dip slope which forms the shoreline of this side of the island. Bearings from

the initial point to the ferry dock in Montague Harbour, Galiano Island and to Winstanely Point,

Galiano Island are N. 71° E. and S. 740 E. respectively. Attitude is N. 540 W. , 30° N. E. ; proceed

N. 36° E. upsection.
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APPENDIX B

MEASURED SECTION C-D, GEOFFREY FORMATION
AND NORTHUMBERLAND FORMATION

Section C-D forms the southwest to northeast shoreline from Phillimore Point to Payne Bay,

Galiano Island. The section encompasses part of the lower Geoffrey Formation and the lower part

of the Northumberland Formation tongue cropping out and measured on Parker Island. The section

was measured to provide information on the direction in which the Northumberland Tongue thinned

and to further establish the intertonguing relationship with the Geoffrey Formation.

Terminal point (D, Plate 1) is on the antidip slope of Mount Sutil approximately 150 feet

northwest of Payne Bay, Galiano Island and 81 feet above sea level. Bearings from the terminal point

to the navigational light on Phillimore Point, Galiano Island and the southeast tip of Parker Island

are S. 66° W. and N. 700 W. respectively.

Contact at D: Geoffrey Formation, Tongue 3 (K ) and the underlying Northumberland For-

mation, Main Tongue lb (K lb); covered; arbitrarilygsf elected where vegetation and sandstone-

conglomerate slope wash mace accurate section description impossible.

Interval (feet) Description

Northumberland Formation, Main Tongue lb (Kn lb) (Minimum thickness = 240. 5 feet).

563.5-502.5 Mudstone: non-resistant; yellowish gray (5Y 7/2) to light olive gray (5Y 6/1)
weathered; medium dark gray (N 4) fresh; laminated (2-4 per inch); fine silt
to clay, no pure mudstone exits, only silty mudstone or muddy siltstone;
non-calcareous; angular muscovite flakes, organic material; weathers in
chips 1/4 to 1/2 inch thick.

Contact: gradational.

502.5-327.5 Interbedded mudstone-sandstone sequence: non-resistant:
Mudstone: medium gray (N 5) weathered; grayish black (N 2) to

medium dark gray (N 4) fresh; laminated (2-4 per inch); non-calcareous;

weathers in chips 1/4 to 1/2 inch thick. Upper contacts with the overlying
sandstone sharp, planar; lower contacts with underlying sandstone gradational

over 1/2 to 3 inches depending on the thickness of the sandstone bed.
Sandstone: yellowish gray (5Y 7/2) to medium light gray (N 6)

weathered; bedded (1/2 to 4 inches), laminated (2-5 per inch at base, may
be trough cross-laminated at top before grading upward into the laminated

(2-4 per inch) mudstone; medium-grained to very fine-grained; non-calcar-
eous; angular quartz, feldspar, biotite, muscovite, lithic fragments; weather
as resistant ribs in the otherwise non-resistant mudstone ( rib-and-furrow
structure) and occur 1-36 inches apart. Upper contacts are gradational over
1/2 to 3 inches; lower contacts are sharp, planar.

352. 5-347. 5 interbedded mudstone-sandstone sequence is slumped to

the west-northwest.
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Interval (feet) Description

Typical Sequence (10 feet) (ins. )

m. mudstone ...................... 5

1. sandstone ...................... 1

k. mudstone ...................... 9

j. sandstone ...................... 2

i. mudstone . .... .. ............... 12

h. sandstone ...................... 4

g. mudstone . ............ ......... 33

f. sandstone ...................... 2

e. mudstone ...................... 3

d. sandstone ...................... 1

c. mudstone ...................... 18

b. sandstone ....................... 3

a. mudstone . ...... ............ .. . 27

Contact: sharp and planar.

327. 5-325 Sandstone: resistant rib-former; dusky yellow (5Y 6/4) weathered; indistinctly
bedded; coarse-grained grading upward into clay; poorly sorted; non-calcar-
eous; angular to subangular quartz, feldspar, biotite, lithic fragments; bio-
turbated.

Contact: sharp and planar.

325-323 Interbedded mudstone- sandstone sequence: non-resistant.
Mudstone: medium gray (N 5) weathered; laminated (9-12 per inch);

non-calcareous; weathers to very thin disks with a maximum thickness of 1/9
inch. Upper contacts with overlying sandstone sharp, planar; lower contacts
with underlying sandstone gradational over 1/2 to 1 1/2 inch.

Sandstone: light olive gray (5Y 6/ 1) weathered; bedded (1/4 to 2 inch),
beds laminated (7-10 per inch); fine- to very fine-grained; non-calcareous;
angular quartz, feldspar, biotite, muscovite; weather as resistant ribs in the
otherwise non-resistant mudstone and occur 1 to 5 inches apart. Upper con-
tacts gradational over 1/2 to 1 1/2 inch; lower contact sharp, planar.

Contact: Northumberland Formation, Main Tongue lb (Kn lb) and the underlying Geoffrey
Formation, Tongue 2 (K 2); sharp, planar.

Geoffrey Formation, Tongue 2 (K gf 2) (Minimum thickness = 74.5 feet).

323-322 Sandstone: resistant rib-former; yellowish gray (5Y 7/2) weathered; indis-
tinctly bedded; very coarse-grained; poorly sorted; non-calcareous; angular
quartz, feldspar, biotite, lithic fragments; mud ripups in top 1 inch of interval.

322-267 Covered by vegetation, sporadic outcrops of sandstone; presumably sandstone.

267-254 Sandstone: resistant ridge-former; yellowish gray (5Y 7/2) weathered; indis-
tinctly bedded; very coarse-grained sand; poorly sorted; non-calcareous;
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Interval (feet) Description

angular to subangular quartz, feldspar, biotite, lithic fragments.

Contact: sharp and planar.

254-253.5 Mudstone: non-resistant; dark gray (N 3) weathered; laminated (7-10 per inch);
non-calcareous; weather in chips 1/4 to 1/2 inch thick.

Contact: sharp and planar.

253.5-251.5 Sandstone: resistant rib-former; yellowish gray (5Y 7/2) weathered; indis-
tinctly bedded; very coarse-grained; poorly sorted; non-calcareous; angular
to subrounded quartz, feldspar, biotite, lithic fragments.

251.5-251

251-250

Contact: sharp and planar.

Mudstone as at 253. 5.

Contact: sharp and planar.

Sandstone: resistant rib-former; dusky yellow (5Y 6/4) weathered; indis-
tinctly bedded; very coarse-grained; poorly sorted; non-calcareous; angular

to subrounded quartz, feldspar, biotite, lithic fragments.

Contact: sharp and planar.

250-248.5 Sandstone: resistant rib former; dusky yellow (5Y 6/4) weathered; indis-
tinctly bedded at base, top 12 inches laminated (5-10 per inch); very coarse-
grained grading imperceptibly upward into fine grained sand; moderately sorted
sorted; non-calcareous; angular quartz, feldspar, biotite, lithic fragments.
Lower contact sharp, planar.

la (Kn la)' sharp, planar.

Northumberland Formation, Tongue la (Kn la) (Minimum thickness = 23. 5 feet).

248.5-247

247-235

235-228

Mudstone as at 253. 5

Covered by mud beach; presumably non-resistant mudstone.

Sandstone: resistant rib-former; dark yellowish brown (10YR 5/4) weathered;
indistinctly bedded; very coarse-grained; poorly sorted; non-calcareous; angu-
lar to subangular quartz, feldspar, biotite, lithic fragments.

228-225 Covered by mud beach; presumably non-resistant mudstone.

Contact: Geoffrey Formation, Tongue 2 (Kgf 2) and Northumberland Formation, Tongue

Contact: Northumberland Formation, Tongue la (Kn la) and underlying Geoffrey Formation,
Tongue 1 (Kgf 1); covered.
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Interval (feet) Description

Geoffrey Formation, Tongue 1 (Kgf 1) (Minimum thickness = 225 feet).

225-220 Sandstone: resistant rib-former; dark yellowish brown (10YR 5/4) weathered;
lower 4 1/2 feet bedded (3-5 inches), upper 1/2 foot laminated (7-12 per
inch); coarse-grained imperceptibly grading upward into very fine-grained
sand; moderately sorted; non-calcareous; angular to subangular quartz, feldspar,

biotite, muscovite, lithic fragments.

Contact: sharp and planar.

220-189 Sandstone: resistant rib-former; dark yellowish brown (10YR 5/4) weathered;
bedded (3-5 inches), beds laminated (5-7 per inch) with top 1 inch commonly
trough cross-laminated; beds graded very coarse- to very fine-grained sand;

moderately sorted; non-calcareous; angular quartz, feldspar, biotite, muscovite,

lithic fragments.
At 215-211 channel incised into interval; very coarse grained sand;

pebbles, and mud ripups (up to 10 inches long) channel-fill.

Contact: sharp and planar.

189-167.5 Sandstone: resistant ridge-former; moderate yellowish brown (10YR 5/4)
weathered; laminated (7-10 per inch); very coarse- to coarse-grained; moder-
ately sorted; non-calcareous angular to subrounded quartz, feldspar, biotite,
muscovite, lithic fragments; scattered fine pebbles; calcareous sandstone

concretions 4 to 12 inches in diameter.

167.5-163 Covered by mud beach; presumably very fine sandstone.

163-158 Sandstone: resistant ridge-former; light olive gray (5Y 6/1) weathered; bedded

(3-4 inches), beds laminated (3-5 per inch); very coarse-grained; moderately

sorted; non-calcareous; angular quartz, feldspar, biotite, muscovite, lithic

fragments.

158-152.6 Covered by vegetation, sporadic outcrops of sandstone; presumably sandstone

as at 158.

152.6-147.6 Sandstone: resistant ridge-former; yellowish gray (5Y 7/2) weathered; bedded

(3-4 inches) at base, laminated (3-7 per inch) at top; coarse-grained imper-

ceptibly grading upward into fine-grained sand; poorly sorted; non-calcareous;

angular to subangular quartz, feldspar, biotite, lithic fragments.

Contact: sharp and planar.

147. 6-142 Sandstone: resistant ridge-former; grayish orange (10YR 7/4) weathered;
indistinctly bedded at base, laminated (3-7 per inch) at top; very coarse-
grained imperceptibly grading upward into medium- to fine-grained sand;

moderately sorted; non-calcareous; angular quartz, feldspar, biotite, lithic
fragments.
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Interval (feet) Description

142-126.6 Covered by mud beach; presumably fine sandstone as at top of 76-48 interval.

126. 6-111 Sandstone: resistant ridge-former; dark yellowish brown (10YR 4/2) weathered;
ripple drift and/or trough cross-laminated; medium- to fine-grained; poorly
sorted; non-calcareous; angular to subangular quartz, feldspar, biotite,
muscovite.

Contact: gradational over 3 inches into sandstone.

111-110 Sandstone: resistant rib-former; dark yellowish brown (10YR 4/2) weathered;
bedded (1-2 inches), beds laminated (7-10 per inch); medium-grained; poorly
sorted; non-calcareous; angular to subangular quartz, feldspar, biotite, mus-
covite.

110-76 Covered by vegetation, sporadic outcrops of very coarse grained sandstone;
presumably sandstone as at 76-48 interval.

76-48 Sandstone: resistant ridge-former; yellowish gray (5Y 8/ 1) weathered; lower
8 feet thinly bedded (3-4 inches), changes upward into 4 feet very thinly
bedded (1-2 inches), 6 feet thickly laminated (5-8 per inch); and 10 feet
thinly laminated (7-12 per inch); coarse-grained sand with scattered fine
pebbles imperceptibly grades upward into fine-grained sand; moderately sorted;
non-calcareous; angular to subangular quartz, feldspar, biotite, muscovite,
lithic fragments. Top 12 inches load deformed.

Contact: sharp and planar.

48-33.6 Sandstone: resistant ridge-former; yellowish gray (5Y 8/ 1) weathered; lower 9

feet thinly bedded (1-4 inches), top of interval thickly laminated (1-4 per
inch) to thinly laminated (5-12 per inch); very coarse-grained imperceptibly
grading upward into very fine-grained sand; moderately sorted; non-calcareous;
angular to subangular quartz, feldspar, biotite, muscovite, lithic fragments;
rare pebbles.

Contact: load deformed, sharp and gently undulating.

33, 6-28.6 Sandstone: resistant ridge-former; pale red (10R 6/2) weathered; bedded
(1-5 inches); coarse-grained imperceptibly grading upward into silt and clay;
poorly sorted; non-calcareous; angular to subangular quartz, feldspar, biotite.

Interval has slumped, bedding rolled to produce recumbent fold; indi-
cates slumping toward the northwest (N. 20° W. )

Contact: load deformed, sharp and gently undulating.

28.6-24 Sandstone: resistant ridge-former; dark yellowish brown (10YR 4/2) weathered;

indistinctly bedded; very coarse- to coarse-grained; moderately sorted; non-
calcareous; angular quartz, feldspar, biotite, muscovite, lithic fragments.

Contacts: sharp and gently undulating.
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24-0 Sandstone: resistant ridge-former; yellowish gray (5Y 8/1) weathered; lower
5 feet thinly bedded (3-4 inches)changes upward into 4 feet very thinly bedded
(1-2 inches), 7 feet thickly laminated (5-8 per inch) and 8 feet thinly laminated
(7-12 per inch); coarse-grained sand with scattered fine pebbles imperceptibly
grades upward into silt and clay; moderately sorted; non-calcareous; angular
to subangular quartz, feldspar, biotite, lithic fragments. Top 6 inches gently
load deformed.

Initial point (C, Plate 1) was arbitrarily selected at the base of the lowest exposed ridge of
sandstone in the intertidal zone, approximately 60 feet southeast of the navigational light on
Phillimore Point, Galiano Island. Bearings from the initial point to the southeast tip of Julia Island
and the highest point on Mount Sutil are N. 37° W. and S. 740 E. respectively. Attitude is N. 52° W.,
20° N.E.; proceed N. 38° E. upsection.
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APPENDIX C

MEASURED SECTION E-F, SPRAY FORMATION

Section E-F forms the northwest south to north shoreline of Montague Harbour, Galiano Island.

The section encompasses part of the Spray Formation and was measured to provide a detailed descrip-

tion of this formation and its stratigraphic relationship with the overlying Gabriola Formation.

Terminal point (F, Plate 1) is approximately 25 feet southeast of the Montague Provincial Park

entrance and 19 feet above Montague Road, Galiano Island. Bearings from the terminal point to
Winstanely Point, Galiano Island and the provincial park boat launch in Montague Harbour are S. 030 E.

and S. 83° W. respectively.

Contact at F: Gabriola Formation and the underlying Spray Formation; load deformed, sharp,

gently undulating. Lower 3 feet of the Gabriola Formation overlying the Spray Formation is structure-

less, very coarse-grained with scattered pebbles and encloses small blocks cf mudstone 2-48 inches

long and 6-10 inches thick. The blocks are deformed suggesting the underlying mudstone was scoured

during emplacement of the Gabriola Formation.

Interval (feet) Description

850-831 Mudstone: non-resistant; medium bluish gray (5B 5/ 1) weathered; thin bedded

(1/2 to 1 inch) with silty layers 1/8 to 1 inch thick; weathers to chips 1/4 to
1/2 inch thick.

831-777.5 Covered by sandstone talus used to support Montague Road and vegetation;
presumably non-resistant mudstone.

777.5-687.5 Covered by mud beach; presumably non-resistant mudstone.

687.5-687 Sandstone: resistant rib-former; moderate yellowish brown (10YR 4/2)
weathered; medium-grained; moderately sorted; non-calcareous; angular to

subangular quartz feldspar, biotite, lithic fragments.

Contact: sharp and planar.

687-661 Mudstone: non-resistant; dark gray (N 3) weathered; laminated to thinly
bedded (1/4-1 inch); rare interbeds of fine grained sand, moderate yellowish

brown (10YR 4/2) weathered, bedded (1-3 inches), non-calcareous, angular

quartz, feldspar, biotite, lithic fragments.

Contact: sharp and planar.

661-660.5. Sandstone: resistant rib-former; moderate yellowish brown (10YR 4/2)
weathered; grayish blue (5PB 5/2) fresh; laminated (10-14 per inch); medium-

to fine-grained; moderately sorted; non-calcareous; angular to subangular

quartz, feldspar, biotite, lithic fragments.

Contact: sharp and planar.
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660, S-660 Mudstone: non-resistant; dark gray (N 3) weathered; thin bedded (1/2-1 inch);
weathers to chips 1/4-1/2 inch thick.

Contact: sharp and planar.

660-659 Siltstone: non-resistant; yellowish gray (5Y 8/1) weathered; laminated (5-7
per inch); poorly sorted; non-calcareous; angular quartz, feldspar, biotite.

659-658

Contact: sharp and planar.

Mudstone as at 660.

Contact: gradational over 2 inches into underlying sand channel-fill.

658-655 Mudstone as at 660; incised channel 2.5 feet deep (between 655. 5-658 feet
in interval); main channel is 21 inches wide but top 7 inches of interval is
medium grained sand; and ripups and medium-grained sand channel-fill
similar to lithology of sandstone beds found throughout sequence.

Contact: sharp and planar.

655-652.5 Sandstone: resistant rib-former; grayish orange (1OYR 7/4) weathered; lenticu-
lar, to the northwest thins to 1 foot in 20 feet and to the southeast thins to
1 foot in 30 feet; coarse- to medium-grained; moderately sorted; non-

calcareous; angular to subangular quartz, feldspar, biotite, lithic fragments.

Contact: sharp and planar.

652. 5-636.5 Mudstone as at 660; bioturbated, horizontal worm burrows (Thalassinoides).

Contact: sharp and planar.

636.5-631.5 Sandstone: resistant rib-former; moderate yellowish brown (1OYR 4/2)
weathered; bedded (1/2-1 inch); coarse-grained grading upward into medium-
grained sand; well sorted; slightly calcareous; angular to subangular quartz,
feldspar, biotite, lithic fragments.

Contact: sharp and planar.

631.5-628 Mudstone as at 660. Channel incised into mudstone 10 feet northwest of
traverse; mud ripups and coarse grained sand channel-fill.

Contact: sharp and planar.

628-627.5 Sandstone. resistant rib-former; moderate yellowish brown (10YR 4/2)
weathered; indistinctly bedded; coarse-grained; moderately sorted; non-
calcareous; angular to subangular quartz, feldspar, biotite, lithic fragments.
Interval thickens along strike toward the northwest and in 50 feet has joined
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Interval (feet) Description

with the sandstone in interval 631. 5.

Contact: sharp and planar.

627.5-626.6 Mudstone as at 660; laminated (10-12 per inch).

Contact: sharp and planar.

626, 6-626 Sandstone: resistant rib-former; moderate yellowish brown (10YR 4/2)
weathered; trough cross-laminated; medium sandstone; poorly sorted; non-
calcareous; angular to subangular quartz, feldspar, biotite.

Contact: scour-and-fill.

626-625.5 Mudstone as at 660; laminated (10-12 per inch).

Contact: sharp and planar.

625. 5-625 Sandstone: resistant rib-former; moderate yellowish brown (10YR 4/2)
weathered; lower 4 inches laminated (2-3 per inch), upper 2 inches trough
cross-laminated; medium-grained; moderately sorted; non-calcareous; angular

to subangular quartz, feldspar, biotite.

Contact: sharp and planar.

625-623 Interbedded mudstone-sandstone sequence: non-resistant:
Mudstone: medium dark gray (N 4) weathered; laminated (9-11 per

inch); weather to chips 1/ 10-3/ 10 inch thick. Upper and lower contacts

sharp and planar.
Sandstone: moderate yellowish brown (10YR 4/2) weathered; indis-

tinctly bedded; fine- to very fine-grained; moderately sorted; non-calcareous;
angular to subangular quartz, feldspar, biotite. Upper and lower contacts

sharp, planar.

Typical Sequence (in. )

e. mudstone ........................ 9
d. sandstone ........................ .25
c. mudstone ...... .. ... . ... . ... ..... 8.25
b. sandstone ........................ .5
a. mudstone .. ...... .. . .. ........ ... 6

Contact: sharp and planar.

623-622.5 Sandstone: resistant rib-former; moderate yellowish brown (10YR 4/2)
weathered; thinly laminated (3 per inch) at base, laminated and trough
cross-laminated at top; coarse-grained graded to medium-grained; interval
thickens to northwest (in 100 feet to 1. 5 feet thick); moderately sorted;
non-calcareous; angular to subangular quartz, feldspar, biotite, lithic
fragments.
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Interval (feet)

622.5-622

Description

Contact: sharp and planar.

Mudstone as at 660; laminated (10-12 per inch).

Contact: sharp and planar.

622-621.5 Sandstone: resistant rib-former; moderate yellowish brown (10YR 4/2)
weathered; medium light gray (N 6) fresh; laminated (30 per inch); doubly
graded, each larnina is normally graded and the interval grades upward from
coarse- to fine-grained sand; moderately sorted; non-calcareous; angular to
subangular quartz, feldspar, biotite, lithic fragments; sporadic worm burrows.

Contact: sharp and planar.

621.5-614 Interbedded mudstone-sandstone sequence: non-resistant.
Mudstone as at 623. Upper and lower contacts sharp, planar.
Sandstone: moderate yellowish brown (10YR 4/2) weathered; trough

cross-laminated; fine- to very fine-grained; moderately sorted; non-calcareous;
angular to subangular quartz, feldspar, biotite; top of sandstone interbedds
(1/4-1/2 inch) are burrowed. Upper and lower contacts are sharp, planar.

Contact: sharp and planar.

614-613 Siltstone: non-resistant; pale red (10R 6/2) weathered; dark gray (N 3) fresh;
thinly bedded (1-11/2 inch); exhibit mudstone concretions 1 inch in diameter;
b ioturbated.

Contact: sharp and planar.

613-588 Interbedded mudstone-sandstone sequence: non-resistant:
Mudstone as at 623. Upper and lower contacts sharp, planar.
Sandstone as at 632. Upper and lower contacts sharp, planar.

Sequence (in.)
g. mudstone ... ...................... 36. 5
f. sandstone . .. ...................... .25
e. mudstone ......................... 48
d. sandstone ......................... .25
c. mudstone . ... ... .. ...... . . .... . ... 36. 5

b. sandstone .............. ........... .25
a. mudstone ......................... 58.25

Contact: sharp and planar.

588-587 Sandstone: resistant rib-former; dark yellowish brown (10YR 4/2) weathered;
coarse-grained; moderately sorted; calcareous; angular to subangular quartz,
feldspar, biotite, lithic fragments.

Contact: sharp and planar.
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587-552.5 Mudstone as at 660; 1 inch diameter fossil twig found at upper contact with
overlying sandstone.

Contact: gradational over 1 inch into underlying sandstone.

552. 5-552 Sandstone: resistant rib-former; dusky brown (5YR 2/ 2) weathered; lower
4.5 inches laminated (7-12 per inch), middle 1 inch cross-laminated, top
. 5 inch laminated (10-14 per inch); coarse-grained grading upward into fine-
grained sand and 1/2 inch of mud at top; moderately sorted; non-calcareous;
angular to subangular quartz, feldspar, biotite.

Contact: sharp and planar.

552-551.5 Sandstone: resistant rib-former; dusky brown ( SYR 2/2) weathered; indis-
tinctly bedded; fine- to very fine-grained; moderately sorted; non-calcareous;
angular to subangular quartz, feldspar, biotite; cut by coarse grained sandstone
dyke 1 inch thick trending N. 800 E. dipping 600 N. W.

Contact: sharp and planar.

551. 5-472 Mudstone: non-resistant; light olive gray (5Y 6/1) weathered; indistinctly
laminated (9-11 per inch); weathers in chips 2/ 10-3/ 10 inch thick; exhibits
a polygonal to circular outcrop pattern which is controlled by fracture sets
and bedding.

At interval distance of 524 feet cut by coarse-grained sandstone dyke,
5 inches thick, calcareous color and minerology similar to sandstone at 468,
trend N. 85° W. dip 83° N. E.

Contact: sharp and planar.

472-468 Sandstone: resistant rib-former; pale yellowish brown (10YR 6/2) weathered;
indistinctly bedded; coarse-grained; moderately sorted; calcareous; angular
to subangular quartz, feldspar, biotite, mudscovite, lithic fragments.

468-350.5 Covered by mud beach; presumably non-resistant mudstone.

350.5-330.5 Interbedded mudstone sequence: non-resistant:
Mudstone: medium gray (N 5) weathered; laminated (5-10 per inch);

weather in chips 1/5 inch thick. Upper and lower contacts sharp planar.
Sandstone: dark yellowish brown (10YR 4/2) weathered; bedded (1/2-2

inches); medium- to very fine-grained; moderately to poorly sorted; non-
calcareous; angular to subangular quartz, feldspar, biotite. Upper and lower

contacts sharp, planar.
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Typical 5 Foot Sequence

k. mudstone ....................... 29
j. sandstone ....................... 5

i. mudstone . ........ . ..... . ...... 3

h. sandstone ...................... 1

g. mudstone ...................... 1

f. sandstone ...................... .5
e. mudstone . . ... .... ............. I
d. sandstone ...................... 1

c. mudstone ...................... 9

b. sandstone ...................... 2

a. mudstone . ..................... 12

Contact: sharp and planar.

330.5-330 Sandstone: dark yellowish brown (10YR 4/2) weathered; indistinctly bedded;
coarse-grained; moderately sorted; non-calcareous; angular to sub angular
quartz, feldspar, biotite, lithic fragments.

330-319 Interbedded mudstone-sandstone sequence partially covered by mud beach;
presumably similar to 330.5.

319-317.5 Sandstone as at 330.

317.5-316.5 Covered by mud beach; presumably non-resistant mudstone.

316.5-316 Sandstone: dark yellowish brown (10YR 4/2) weathered; laminated (1/2-1
inch); coarse-grained; moderately sorted; non-calcareous; angular to sub-
angular quartz, feldspar, biotite, lithic fragments.

316-296

Contact: sharp and planar.

Interbedded mudstone-sandstone sequence as at 330. 5

Contact: sharp and planar.

296-292.5 Sandstone: resistant rib-former; moderate yellowish browh (10YR 5/4)
weathered; laminated (1/2-1 inch); coarse-grained; moderately sorted; non-
calcareous; angular to subangular quartz, feldspar, biotite, lithic fragments.

Contact: sharp and planar.

292. 5-291 Mudstone: non-resistant; medium gray (N 5) weathered; thinly bedded (1/2-1
inch), laminated (9-12 per inch); silt to clay; bioturbated.

Contact: sharp and planar.
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291-290 Sandstone as at 292. S.

Contact: sharp and planar.

290-285 Sandstone: resistant rib-former; moderate yellowish brown (10YR 5/4)
weathered; indistinctly bedded; very coarse-grained; poorly sorted; non-calcar-
eous; angular to subangular quartz, feldspar, biotite, lithic fragments.

285-283.5 Covered by mud beach; presumably non-resistant mudstone.

At 283. 5 offset 235 feet northwest along top of bedding plane to avoid water,
attitude is N. 5 30 W. dip 24° N. E.

283. 5-268.5 Sandstone as at 285.

268. 5-263 Covered by mud beach; presumably non-resistant mudstone.

263-261.5 Sandstone as at 285.

Contact: sharp and planar.

261. 5-257.5 Interbedded mudstone-sandstone sequence as at 330. 5.

Contact: sharp and planar.

257. 5-257 Sandstone: resistant rib-former; moderate yellowish brown (10YR 5/4)
weathered; indistinctly bedded; very coarse-grained; poorly sorted; non-
calcareous; angular to subangular quartz, feldspar, biotite, lithic fragments;
mud ripups (aligned N. 85° W. ).

257-254

254-233.S

Contact: sharp and planar.

Interbedded mudstone-sandstone sequence as at 330. 5.

Contact: sharp and planar.

Sandstone as at 257.

Contact: sharp and planar.

253. 5-241.5 Interbedded mudstone-sandstone sequence as at 330. 5; pyrite concretions
1 inch in diameter at contacts between. mudstone and overlying sandstone
interbeds.

Contact: sharp and planar.
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241. 5-241 Sandstone as at 285.

Contact: sharp and planar.

241-235 Interbedded mudstone-siltstone sequence: non-resistant:
Mudstone as at 330.5. Upper and lower contacts sharp, planar.
Siltstone: light olive gray (5Y 5/2) weathered; very thinly bedded,

laminated (4-7 per inch); very-fine to silt-grained; poorly sorted; non-
calcareous; angular quartz, feldspar, biotite. Upper and lower contacts
sharp, planar.

Typical Sequence (in. )

m. mudstone ........................ 8

1. siltstone ....................... 1

k. mudstone ....................... 6

j. siltstone ........... .... ........ .5
i. mudstone ................... .. .. 11

h. siltstone . . ......... .. .. ........ .25
g. mudstone . ...................... 16
f. siltstone ....................... .25
e. mudstone ....................... 9

d. siltstone ....................... .5
c. mudstone ....................... 8.5
b. siltstone ....................... 1

a. mudstone ....................... 10

Contact: sharp and planar.

235-234.5 Sandstone: resistant rib-former; pale yellowish brown (10YR 6/2); laminated
(3-4 per inch); coarse-grained; moderately sorted; non-calcareous; angular
quartz, feldspar, biotite, lithic fragments.

Contact: sharp and planar.

234.5-233.5 Mudstone: non-resistant; dark gray (N 5) weathered; thin bedded (1/2-1 inch);
weathers to chips 1/4 to 1 inch thick.

Contact: sharp and planar.

223.5-233 Sandstone as at 257.

Contact: sharp and planar.

233-232.5 Mudstone: non-resistant; dark gray (N 5) weathered; laminated (12-16 per
inch); weather to disk chaped 1/ 10 inch thick.

Contact: sharp and planar.
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232.5-232

232-229

229-224

Description

Siltstone as at 613.

Contact: sharp and planar.

Sandstone as at 257.

Contact: sharp and planar.

Sandstone: resistant rib-former; pale yellowish brown (10YR 6/2) weathered;
indistinctly bedded at base, top 6 inches thinly bedded (1-2 inches); Coarse-
grained sand grades upward into silt with intercalated mud predominant in
the top 6 inches; poorly sorted; non-calcareous; angular quartz, feldspar,
biotite, lithic fragments; mud ripups occur at the base of the interval.

Contact: sharp and planar.

224-223.5 Mudstone: non-resistant; dark gray (N 5) weathered; indistinctly laminated;
non-calcareous; weather out in concentric, concretionary patterns 3-12 inches
in diameter, no cores.

223.5-219

219-213

Contact: sharp and planar.

Sandstone as at 257.

Contact: sharp and planar.

Sandstone: resistant rib-former; yellowish gray (SY 7/2) weathered; thinly
bedded (1-2 inches); coarse-grained grades upward into mud; poorly sorted;
non-calcareous; angular to subangular quartz, feldspar, biotite, lithic frag-
ments; lower 36 inches of interval contains mud ripups.

Contact: sharp and planar.

213-155.5 Sandstone: resistant rib-former; light olive gray (5Y 5/2) weathered; yellowish
gray (5Y 7/2) fresh; bedded (15-20 feet); upper 4 feet of each bed is laminated
(7-8 per inch); coarse-grained grading upward into medium-grained sand;
moderately sorted; non-calcareous; angular quartz, feldspar, biotite, lithic
fragments.

Contact: sharp and planar.

155.5-148. S Mudstone: non-resistant; medium light gray (N 6) weathered; medium dark
gray (N 4) fresh; bedded (6-12 inches), laminated (4-5 per inch); silt and
organic rich; weathers in chips 1/ 10 to 1 inch thick. Interval thins to the
southeast, 52 feet southeast of traverse interval is only 3 feet thick.

Contact: sharp and planar.
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148. 5-137.5 Sandstone: resistant ridge-former; very light gray (N 8) weathered; light
gray (N7) fresh; structureless at base, top 7 feet bedded (1-3 inches); coarse-
to medium-grained; poorly sorted; non-calcareous; angular quartz, feldspar,
biotite, lithic fragments. Southeast along bedding strike merges with sand-
stone at 155. 5, intervening mudstone pinches out.

Contact: sharp and planar.

137. 5-137 Siltstone: non-resistant; yellowish gray (5Y 8/ 1) weathered; olive gray
(5Y 4/1) fresh; laminated (3-5 per inch); weather in chips 1/3 to 1/2 inch
thick.

Contact: sharp and planar.

137-133 Mudstone: non-resistant; medium light gray (N 6) weathered; laminated
(5-9 per inch); weather in chips 1/2 inch thick.

Contact: gradational into mudstone-sandstone sequence.

133-124 Interbedded mudstone-sandstone sequence as at 330.5.

Contact: sharp and planar.

124-119.5 Interbedded mudstone-sandstone sequence as at 330.5; interval has slumped
and sequence is contorted, slump toward the southeast.

Contact: sharp and planar.

119.5-86 Interbedded mudstone -sandstone sequence: non-resistant:
Mudstone: medium dark gray (N 3) weathered, medium gray (N 5)

fresh; laminated (5-9 per inch), weathers to chips with 1/4 to 2 inch very
fine sand to silt beds 5 to 8 inches apart. Upper and lower contacts are
sharp, planar.

Sandstone: dusky yellow (5Y 6/4) weathered, light bluish gray (5B 7/1)
fresh; bedded (2-4 inches); laminated (8-10 per inch) at base, trough and
ripple drift cross-laminated at top; medium- to fine-grained; moderately to
poorly sorted; calcareous; angular to subangular quartz, feldspar, biotite;
lower contacts with underlying mudstone commonly zones of mudstone
concretions, poorly preserved ammonites, crushed Inoceramus shell frag-
ments; upper contacts of overlying mudstone generally burrowed; beds occur
4-8 feet apart.

Contact: sharp and planar.

86-83.5 Sandstone: resistant rib-former; grayish orange (10YR 7/4) weathered; light
olive gray (5Y 6/ 1) fresh; lower 9 inches laminated (8-10 per inch), middle
5 inches trough cross-laminated, upper 16 inches laminated (10-14 per inch);
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coarse-grained grading to very fine-grained sand; moderately sorted, non-
calcareous, angular to subangular quartz, feldspar, biotite, muscovite; rare
mud ripups.

Contact: sharp and planar.

83.5-67 Interbedded mudstone-sandstone sequence: non-resistant:
Mudstone as at 86. Upper and lower contacts sharp, planar.
Sandstone as at 86. Upper and lower contacts sharp, planar.

Typical Sequence (15 feet)

j. mudstone .. . ... ................ 11-5
8. siltstone ....................... .5
7. mudstone . .. ...... . .... ... ...... 19
6. siltstone ....................... .25

5. mudstone ....................... 23
4. siltstone . .. ...... .............. . 1

3. mudstone ....................... 26
2. siltstone . . ..... ................ . 1

1. mudstone ....... ................ 22
i. sandstone ....................... 2

h. mudstone ....................... 16

6. siltstone . .. .. . ..... .. .. .. ... .. . . 1

5. mudstone ....... ............... 4.5
4. siltstone .. .. ..... ... ....... . ... .2
3. mudstone ....... .... ...... .... . . 9

2. siltstone . ...... .. .. .. ...... .. .. .2
1. mudstone ....................... 3

g. sandstone ....................... 3

f. mudstc i e ....................... 12

e. sandstone ....................... 1

d. mudstone ....................... 11

c. sandstone ....................... 4

b . mudstone . . ..... .. .. ... .. ... .... 14

a. sandstone ....................... 1.5

Contact: sharp and planar.

67-65.5 Sandstone as at 83. 5. Angular discordance with the underlying mudstone.
Attitude on sandstone N. 50° W. 19° N. E.

Contact: sharp and planar.

65.5-28 Interbedded mudstone-sandstone sequence as at 67; slump block. Attitude

in bedding plane of block N. 770 E., 20° N. W.
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28-13 Covered by mud beach; presumably non-resistant mudstone.

13-0 Interbedded mudstone-sandstone sequence as at 67.

Initial point (E, Plate 1) arbitrarily selected at the base of a 2 foot sandstone bed at sea level

during a 4, 0 foot low tide. Bearings from the initial point to southeast tip of Charles Island and

Montague Harbour ferry dock are N. 64° W. and S. 85° E. respectively. Attitude N. 500 W.,

19° N.E., proceed N. 40° E. upsection.
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APPENDIX D

MEASURED SECTION G-H-I, GEOFFREY, SPRAY AND GABRIOLA FORMATIONS

Section G-H-I forms the south shoreline on Galiano Island. The section encompasses part of
the upper Geoffrey Formation, the Spray Formation, and part of the lower Gabriola Formation. The

Geoffrey Formations forms the coastline from Mary Anne Point to the cove south of Scoones Point,
Scoones Point and Burrill Point. The Spray Formation underlies the cove south of Scoones Point,
the cove south of Burrill Point, and Sturdies Bay. The section was measured to show the lithic char-
acteristics of each formation and the stratigraphic relationships between the formations.

Terminal point (F, Plate 1) is approximately 700 feet northwest of the tip of Rip Point, Galiano
Island. Bearings to the southernmost tip of Gossip Island and the Gossip Island navigation light are
N. 05° W. and N. 69° E., respectively.

Interval (feet) Description

1750. 5-1746 Sandstone: resistant ridge-former; moderate yellowish brown (10YR 5/4)
weathered; medium bluish gray (5B 5/1) fresh; indistinctly bedded; laminated
(5-7 per inch); coarse-grained; moderately sorted; non-calcareous; angular
to subangular quartz, feldspar, biotite, lithic fragments.

1746-1731 Covered by vegetation; assumed to be sandstone.

1731-1723.5 Sandstone: resistant ridge-former; yellowish gray (SY 8/1) weathered; medium
bluish gray (5B 5/ 1) fresh; indistinctly bedded; coarse-grained; moderately
sorted; non-calcareous; angular to subangular quartz, feldspar, biotite, lithic
fragments,

Contact: sharp and planar.

1723.5-1721 Interbedded mudstone-siltstone sequence: non-resistant:
Mudstone: light olive gray (5Y 6/1) to grayish red (1OR 4/2) weathered;

laminated (5-9 per inch); upper contacts with sharp, planar to gently undulat-
ing; lower contacts gradational over 1/4-1/8 inch with underlying siltstones.

Siltstones: light gray (N 7) weathered; laminated (1/4-1/2 per inch);
poor to moderate sorting, non-calcareous; angular quartz, biotite, lithic
fragments. Tops of beds commonly are burrowed.

General overall increase in siltstone percentage upward in the interval.

Typical sequence: (in,)

i. mudstone ... . .. ....... .. ........ . 5

h. siltstone ......................... 2

g. mudstone ........................ 2

f. siltstone ........................ 2

e. mud stone ....................... 4

d. siltstone . ...... ..... ... ..... .... 1

c. mud stone ........................ 6

b. siltstone ......................... 2

a. mudstone ........................ 5

Contact: sharp and planar.
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1721-1718 Sandstone: resistant rib-former; very pale orange (10 YR8/2)weathered;
medium bluish gray (5B 5/ 1) fresh; laminated (3-5 per inch); normally
graded; coarse- to fine-grained; well to moderately sorted; non-calcareous;

angular to subangular quartz, feldspar, mica, lithic fragments.

Contact: sharp and planar.

1718-1713.5 Sandstone: resistant rib-former; grayish red ' 1OR 4/2) weathered), medium
light gray N 6. 5) fresh; structureless; burrowed; medium-grained; poorly
sorted; non-calcareous; angular to subrounded quartz, feldspar, biotite,
muscovite, lithic fragments.

Contact: sharp and planar.

1713. 5-1712 Interbedded mudstones -sandstones: non-resistant:
Mudstones: medium dark gray ' N5) to grayish orange (10YR 7/4)

weathered; laminated (4-8 per inch); each unit gradational over 1/8 inch
with underlying sandstone; upper contacts planar, sharp.

Sandstones: grayish orange (10YR 7/4) weathered, medium gray (N 5)
fresh; laminated (2-12 per inch); moderately sorted; non-calcareous; medium-
grained; angular to subangular quartz, feldspar, biotite, muscovite, lithic
fragments. Upper contacts gradational over 1/8 inch through siltstone to
overlying mudstone; lower contacts sharp, planar to gently undulating.

Typical sequence: (in.

e. mud stone . .. .................... 2

d. sandstone ......................... 1. 5

c. mudstone ......................... 1

b. sandstone ............ ............. 1

a. mudstone ......................... .5

Contact: sharp and planar.

1712-1711.5 Sandstone as at 1713.5.

Contact: sharp and planar.

1711.5-1710.5 Mudstone: non-resistant; medium dark gray (N 5) weathered and fresh;
laminated (2-12 per inch); weathers to chips 1/4 to 1/2 inch thick. Few

intercalated silty layers 1/8 to 1/4 inch thick.

Contact: sharp and planar.

1710; 5-1710 Sandstone: resistant rib-former; light olive gray (5Y 5/2) weathered;
thinly bedded (1-2 inches); medium-grained; moderately sorted; non-
calcareous; angular to subangular quartz, feldspar, biotite, muscovite,
lithic fragments.

Contact: sharp and planar.
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1710-1709 Interbedded mudstone-siltstone sequences as at 1723.5.

1709-1708 Covered by mud beach presumably non-resistant mudstone.

1708-1703 Sandstone: resistant ledge-former; yellowish gray (5Y 8/1) weathered,
medium bluish gray (5B 5/1) fresh; indistinctly bedded; coarse- to medium-
grained; moderately sorted; scattered mud ripups in lower 12 inches of
interval; non-calcareous; subangular quartz, feldspar, biotite, muscovite,
lithic fragments.

Contact: sharp and scoured.

1703-1702 Sandstone: resistant ledge-former; pale yellowish brown (10YR 6/2)
weathered; laminated (5-10 per inch); medium-grained; moderately sorted;
non-calcareous; angular to subangular quartz, feldspar, biotite, lithic frag-
ments.

Contact: sharp and planar.

1702-1701 Sandstone: resistant rib-former; pale yellowish brown (10YR 6/2) weathered;
normally graded; very coarse- to fine-grained: lower 6 inches contain mud
ripups, upper 5 inches laminated (4-6 per inch), top 1 inch thinly cross-
laminated (9-11 per inch); moderately sorted; non-calcareous; angular to
subangular quartz, feldspar, biotite, lithic fragments.

Contact: sharp and scoured.

1701-1699.5 Interbedded mudstone-sandstone sequences as at 1713. 5.

Contact: sharp and planar.

1699.5-1698.5 Sandstone: resistant rib-former; pale yellowish gray (10YR 8/6) weathered;
normally graded; very coarse- to medium-grained; top 7 inches laminated
(6-8 per inch); moderately sorted; non-calcareous; angular to subrounded
quartz, feldspar, biotite, lithic fragments.

Contact: sharp and planar.

1969. 5-1693. 5 Interbedded mudstones and sandstones: non-resistant:
Mudstones: light olive gray (5Y 6/ 1), weathered; indistinctly bedded;

burrowed; plastically deformed; upper contacts with overlying sandstones

sharp, undulating; lower contacts with underlying sandstones sharp, planar.

Sandstones: light olive gray (5Y 6/1) weathered; indistinctly bedded;
burrowed; medium- to fine-grained; moderately to poorly sorted; non-
calcareous; angular to subangular quartz, feldspar, mica, lithic fragments;
lower contacts with underlying mudstones plastically deformed, sharp,
undulating; upper contacts with overlying mudstone sharp, planar.
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Sequence (in.)

m. mudstone ...................... 10

1. sandstone ...................... 5. 5

k. mudstone .. ... ... .. .. .. .... . . .. 4

j. sandstone ...................... 3

i. mudstone ...... .... ........ .... 3. 5

h. sandstone ...................... 5

g. mudstone . . . . .... .... ... . .. . . . . 4. 5

L sandstone ...................... 1.5

e. mudstone ...................... 7

d. sandstone ...................... 3

c. mudstone ............ .......... 4

b. sandstone ...................... 4

a. mud stone ...................... 6

Contact: sharp and planar.

1693.5-1693 Sandstone as at 1721.

1693-1692 Covered by mud beach; presumably non-resistant mudstone.

1692-1691 Sandstone: resistant rib-former, yellowish brown (10YR 5/4) weathered;

indistinctly bedded; top 3 inches plastically deformed; moderately sorted;
non-calcareous; medium-grained; angular to subangular quartz, feldspar,

lithic fragments.

Contact: sharp and gently undulating.

1691-1690.5 Mudstone as at 1711.5.

Contact: sharp and gently undulating.

At 1690. 5 offset 40 feet northwest along top of bedding plane to avoid

water, attitude is N. 60° W. , dip 18° N. E.

1690.5-1685.5 Sandstone same as 1699. S.

Contact: sharp and planar.

1685.5-1684 Sandstone same as 1699. S.

Contact: sharp and planar.

1684-1662.5 Sandstone same as 1699. 5.

Contact: sharp and planar.
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1662.5-1661.5

Description

Interbedded mudstones-sandstones as at 1713.5.

Contact: sharp and planar.

1661.5-1660.5 Sandstone: resistant rib-former; grayish red (10YR 4/2) weathered; light olive
gray (5Y 5/1) fresh; indistinctly bedded; very coarse-grained; well to moder-
ately sorted; non-calcareous; subangular to subrounded quartz, feldspar, bio-
tite, lithic fragments.

Contact: sharp and planar.

1660. 5-1657 Interbedded rnudstones-sandstones as at 1713.5.

Contact: sharp and planar.

1657-1651 Sandstone: resistant ledge-former; pale yellowish orange (10YR 8/6)
weathered; coarse-tailed normally graded: lower 1 inch scattered pebbles
in very coarse sand grades to coarse sand sizes; moderately sorted; angular
quartz, feldspar, biotite, muscovite, lithic fragments.

1651-1646

Contact: sharp and planar.

Sandstone same as 1731.

Contact: sharp and planar.

1646-1642.5 Sandstone: resistant ledge-former; very pale orange (10YR 8/2) weathered;
medium gray (N 5) fresh; normally graded; very coarse to silt grained; lam-
inated to cross-laminated (5-7 per inch); moderately sorted; non-calcareous;
angular to subangular quartz, feldspar, biotite, lithic fragments.

Sequence: (in.)

c. Siltstone: cross-laminated .............. 3

b. Sandstone: medium to fine grained;
cross-laminated ...................... 25

a. Sandstone: very coarse to medium grained;
indistinctly bedded ... .. . .... ......... 14

Contact: sharp and planar,

1642.5-1627.S Sandstone: resistant ridge-former; very pale orange (10YR 8/2) weathered;
very pale orange (10YR 8/2) weathered; amalgamated beds (1-3.5 feet);
normally graded; very coarse-grained imperceptibly grading upward into
medium-grained sand; structureless at base to thinly laminated at top; sub-
angular grains of quartz, feldspar, biotite, lithic fragments.

Structureless, very coarse sands of the overlying beds scour 3-5 inches
into the laminated medium-grained sands of the underlying beds, commonly
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entirely through the medium-grained sands. The remaining medium-grained
sands occur as lens between succeeding beds and is contorted.

Contact: sharp and scoured.

1627. 5-1622.5 Sandstone: resistant rib-former; moderate yellowish brown (10YR 5/4)
weathered; indistinctly laminated; contorted from load deformation; medium-
grained; moderately sorted; noncalcareous; angular to subangular quartz,
feldspar, lithic fragments.

Contact: sharp and planar.

1622.5-1617.5 Sandstone as at 1646;

Contact: sharp and planar.

At 1617. 5 offset 75 feet northwest along top of bedding plane to avoid water,
attitude N. 600 W. At an offset of 40 feet cross a fracture set trending N. 600
E. and dipping 800 S. E.

1617.5-1602.5 Sandstone as at 1646.

Contact: sharp and planar.

1602. 5-1600 Siltstone: non-resistant; medium light gray (N 6) weathered; medium gray
(N 4) fresh; laminated (4-6 per inc=h); non-calcareous; angular quartz,
feldspar, mica.

Contact: gradational over 1 inch.

1600-1595.5 Sandstone as at 1646.

Contact: sharp and planar.

1595. 5-1594 Sandstone: resistant rib-former; very pale orange (10YR 8/2) weathered;
lower 1 inch of interval indistinctly laminated; middle 5 inches laminated
(5-7 per inch); upper 1 inch cross-laminated; normally graded; very coarse-
grained imperceptibly grading upward into very fine-grained sand; well to
moderately sorted; non-calcareous; angular to subangular quartz, feldspar,
biotite, lithic fragments.

Contact: sharp and planar.

1594-1591.5 Sandstone as at 1595.5.

Contact: sharp and planar.
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Interval (feet)

1591. 5-1590. 5

Description

Siltstone: non-resistant; yellowish gray (5Y 7/2) weathered; light olive gray
(5Y 6/2) fresh; laminated (7-12 per inch); load deformed; non-calcareous;
ang ular quartz, feldspar, mica. Siltstone interval pinches out to the north-
west along strike (N. 600 W.) at an offset of 25 feet.

Contact: sharp and planar.

1590. 5-1590 Sandstone: resistant rib-former; yellowish gray (SY 7/2) weathered; lam-
inated (5-7 per inch); medium-grained; well sorted; non-calcareous; angular
quartz, feldspar, biotite.

Contact: sharp and planar.

1590-1587.5 Sandstone: resistant rib-former; grayish orange (10YR 7/4) to yellowish
gray (5Y 7/2) weathered; indistinctly bedded in lower 4 inches of interval;
laminated and festoon cross-laminated in upper 2 inches of interval; medium-
grained; non-calcareous; moderately sorted; angular to subangular quartz,
feldspar, biotite, lithic fragments.

Contact: sharp and planar.

1587. 5-1586.5 Interbedded mudstone-sandstone sequence as at 1698. 5. Interval thins
toward the northwest along strike (N. 620 W.) and is load deformed.

Contact: sharp and planar.

1586. 5-1585 Sandstone: resistant rib-former; moderate yellowish brown (10YR 5/4)
weathered; indistinctly bedded; very coarse-grained; scattered fine pebbles;
poorly sorted; non-calcareous; angular to rounded quartz, feldspar, mica,
lithic fragments.

Contact: sharp and planar.

1585-1583 Sandstone: resistant rib-former; moderate yellowish brown (10YR 5/4)
weathered; indistinctly laminated at base; top 4 inches laminated (5-7 per
inch); coarse-grained imperceptibly grading upward into medium-grained
sand; moderately sorted; non-calcareous; angular to subangular quartz,
feldspar, biotite, lithic fragments.

Contact: sharp and gently undulating.

1583-1580 Sandstone: resistant rib-former; moderate yellowish brown (10YR 5/4)
weathered; grayish olive green (5 GY 3/2) fresh; medium bedded; laminated
(5-7 per inch); moderately sorted; non-calcareous; angular to subrounded
quartz, feldspar, biotite, lithic fragments.

Contact: sharp and planar.
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1580-1503 Partially covered by vegetation; sporatic exposure.
Sandstone: resistant ridge former; pale yellowish orange (10YR 8/6)

weathered; grayish blue (5PB 5/2) fresh; laminated (7-9 per inch); coarse

grained imperceptibly grading upward into medium-grained sand; well sorted;
non-calcareous; angular to subangular quartz, feldspar, biotite, lithic frag-
ments; isolated calcareous concretions 1 inch to 1 1/2 inch in diameter.

Contact: sharp and planar.

1503-1468 Sandstone: resistant cliff-former; pale yellowish orange (10YR 8/6)
weathered; grayish blue (5PB 5/2) fresh; indistinctly bedded; normally graded;
lower 26 inches very coarse sand with scattered pebbles and mud ripups
(average 4 inches in length) imperceptibly grading upward into medium- to
fine-grained sand; top 23 inches shows an upward progression: 3 inches inter-
ference ripples; 9 inches parallel laminations (1-3 per inch); 3 inches trough
cross- laminations; 8 inches climbing ripple-drift cross-laminations; moderately
sorted; non-calcareous; angular to subangular quartz, feldspar, biotite; lithic
fragments. Attitude at base of bed N. 620

W.

Contact: Gabriola Formation and Spray Formation, Main Member (Ks 4); groove marks, load
deformed, sharp, undulating. p

Spray Formation, Main Member (KsP 4) (Minimum thickness = 300. 5 feet).

1468-1444.5 Interbedded mudstone-sandstone sequence: non-resistant:
Mudstone: olive gray (5Y 3/2) weathered, medium dark gray (N 4)

fresh; laminated (7-9 per inch); weathers to chips 1/4 to 1/2 inch thick; upper-
lower contacts with sandstones sharp, planar.

Sandstone: brownish gray (5YR 4/ 1) weathered; laminated (2-5 per
inch); medium- to very fine-grained; poorly sorted; slightly calcareous;
angular to subangular quartz, feldspar, biotite, muscovite; upper-lower contacts
with mudstones sharp, planar.

Interval is cut by numerous clastic sandstone dikes randomly oriented:
very coarse- to coarse-grained; 1 to 2 inches thick or as 1 to 4 inches high
diapirs forming knobs in the overlying mudstone; moderately sorted; calcar-
eous; angular to subrounded quartz, feldspar, muscovite, biotite, lithic
fragments.

Attitudes on sandstone bed N. 63° W., 20° N. E.

Typical sequence (in,
w. mudstone .... .... .. .. ...... .. .. 38

V. sandstone . ... ... ... ... .... .. . . . 5

U. mud stone . . ... .. ........ ....... 71

t. sandstone . ................. .... 3

s. mudstone ...................... 63

r. sandstone .......... .. ........ .. 4

q. mudstone . .. ............... .... 18
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p. sandstone ....................... 2

o. mudstone ....................... 9

n. sandstone ....................... 5

m. rnudstone ....................... 7

1. sandstone ....................... 5

k. mudstone . ........ .... .......... 7

j. sandstone ....................... 2

i. mudstone ....................... 3

h. sandstone ....................... 2

g, mudstone ....................... 11
f. sandstone ....................... 9
e. mudstone ....................... 1

d. sandstone ....................... 4

c. mudstone ....................... 4

b. sandstone ....................... 1

a. mudstone ....................... 8

Contact: sharp and planar.

Sandstone: resistant rib-former; moderate yellowish brown 1OYR 5/4)
weathered; indistinctly bedded; very coarse-grained; well to moderately sorted;
lower 24 inches non-calcareous; upper 12 inches calcareous; angular quartz,
feldspar, biotite, lithic fragments.

Contact: sharp and planar.

At 1441. 5 offset 200 feet northwest along bedding plane contact to avoid
water, attitude N. 65° W.

1441. 5-1435.5 Interbedded mudstones-sandstones: non-resistant:
Mudstone as at 1444. 5.
Sandstone: brownish gray (5YR 4/ 1) weathered; thinly bedded (1-2

inches); laminated (7-9 per inch); top 1/4 inch may be cross-laminated;
medium- to fine-grained; poorly sorted; slightly calcareous; angular to
subangular quartz, feldspar, biotite, lithic fragments. Lower contact with
underlying mudstone sharp, planar, upper contact with overlying mudstone
gradational over 1/2 to 1 inch.

Fractures trend N. 600 E., dips near vertical, no displacement.

Typical sequence (in.

r. mudstone ...................... 6

q sandstone . ..................... 2. 5

p. mudstone ...................... 8

o. sandstone ...................... 1

n. mudstone ...................... 5

m. sandstone ...................... 1

1. mudstone ...................... 5. 5

k. sandstone . .. ................... 2
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J. mudstone ....................... 6

i. sandstone ....................... .5
h. mudstone ....................... 4

9- sandstone ....................... 2

f. mudstone ....................... 8

e. sandstone ......... .............. 2. 5

d. mudstone ....................... 9

C. sandstone ....................... 2

b. mudstone ....................... 3

a. sandstone ....................... 4

Contact: sharp and planar.

1435. 5-1435 Micrite: non-resistant; pale yellowish brown ( 10YR 6/2) weathered; medium
light gray (N f) fresh; laminated (2-5 per inch); scattered silt-size grains of
quartz.

Contact: sharp and planar.

1435-1424 Interbedded mudstone-sandstone sequence as at 1435.5.

Contact: sharp and planar.

1424.1423.5 Micrite as at 1435.

Contact: sharp and planar.

1423. 5-1404.5 Interbedded mudstone-sandstone sequence as at 1435.5.

Contact: sharp and planar.

1404.5-1403 Micrite as at 1435.

Contact: sharp and planar.

1403-1397.5 Interbedded mud stone -sandstone sequence: non-resistant:
Mudstone: olive gray (5Y 3/2) weathered, medium dark gray (N 4)

fresh; laminated (7-9 per inch). Upper contact with overlying sandstone
sharp, planar; lower contact with underlying sandstone gradational over 1/ 3
to 1/2 inch.

Sandstone: brownish gray (5YR 4/ 1) weathered; thinly bedded (1-4
inches); laminated (3-5 per inch) at base; occasionally festoon or ripple
cross-laminated at top; medium- to fine-grained; moderately sorted; calcar-
eous; angular to subangular quartz, feldspar, biotite, lithic fragments. Upper
contact gradational over 1/3 to 1/2 inch; lower contact sharp, planar.

Contact: sharp and planar.
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1397. 5-1394. 5 Sandstone: resistant rib-former; light olive gray (5Y 6/1) weathered; lower
24 inches structureless; middle 9 inches thinly bedded (3-5 inches); top 3
inches load deformed and bioturbated; medium-grained imperceptibly grading
upward into fine-grained sand; poorly sorted; non-calcareous; angular to
subangular quartz, feldspar, biotite, lithic fragments.

Contact: sharp and gently undulating.

1394.5-1385 Interbedded mudstone-sandstone sequence: non-resistant:
Mudstone as at 1397. 5. Upper contacts with overlying sandstone sharp,

planar to gently undulating; lower contacts gradational over 1/ 3 to 1/2 inch.
Sandstone as at 1397.5. Pyrite concretions occur at contacts between

sandstone and underlying mudstone; 1 inch in diameter. Upper contacts
gradational over 1/3 to 1/2 inch; lower contacts sharp, planar.

Fracture set cross interval; trend N. 600 E. dip vertical; no apparent
displacement.

Contact: sharp and planar.

1385-1381 Sandstone: resistant rib-former; yellowish gray ( 5Y 7/2) weathered; medium
bedded (6-13 inches); top 1 to 1 1/2 inch laminated (3-7 per inch); very
coarse-grained imperceptibly grading upward into medium-grained sand;
moderately to poorly sorted; non-calcareous; friable; angular to subangular
quartz, feldspar, biotite, lithic fragments.

Contact: sharp and planar.

1381-1357.5 Sandstone: resistant ridge-former; light olive gray (SY 5/2) weathered;
indistinctly bedded; very coarse- to coarse-grained; moderately sorted; non-
calcareous; angular to subangular quartz, feldspar, biotite, lithic fragments.

Contact: sharp and planar.

At 1357. 5 offset 150 feet southeast along bedding contact to align traverse,
attitude is N. 62° W.

At an offset of 139 feet fault, trend N. 60° E. dip 79° S. E. , northwest
block down relative to southeast block 24 inches.

1357. 5-1356.5 Mudstone: non-resistant; olive gray (5Y 4/ 1) weathered; laminated (5-9 per
inch); non-calcareous.

Contact: gradational over 3 inches.

1356.5-1352.5 Sandstone: resistant rib-former; dark yellowish brown (10YR 4/2) weathered;
indistinctly bedded; top 3 inches 1/4 to 1 inch coarse-grained sand inter-
calated in mudstone as at 1356. 5; moderately sorted; non-calcaresous; angu-
lar quartz, feldspar, biotite, lithic fragments.
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1352.5-1352 Covered by beach mud; assumed to be non-resistant mudstone.

1352-1340 Sandstone: resistant ledge-former; grayish orange (10YR 7/4) weathered;
bluish gray (5B 6/1) fresh; structureless at base, becoming laminated (10-12
per inch) in to 5 inches; coarse-grained imperceptibly grading upward into
very fine-grained sand; top 5 inches load deformed; poorly sorted; non-
calcareous; angular to subangular quartz, feldspar, biotite, lithic fragments.

1340-1306 Covered by beach mudstone; assumed to be non-resistant mudstone.

1306-1292 Sandstone as at 1340.

1292-1285 Covered by beach gravels and muds; assumed to be non-resistant mudstone.

1285-1284 Covered by beach gravels and muds; assumed to be non-resistant mudstone.

1274-1268.5 Sandstone as at 1340.

1268. 5-1263 Covered by beach gravels and muds; assumed to be non-resistant mudstone.

1263-1229 Sandstone: resistant ridge former; grayish orange (10YR 7/4) weathered;
bluish gray (5B 6/ 1) fresh; indistinctly bedded; laminated (5-7 per inch);
coarse- to medium-grained; well sorted; non-calcareous; angular to subangular
quartz, feldspar, biotite, lithic fragments. Scattered calcareous concretions,
honeycomb weathering.

Contact: load deformed, flames, sharp and gently undulating; attitude N. 53°W.
dip 15° N. E.

1229-1227.5 Sandstone as at 1340.

Contact: load deformed, sharp and gently undulating.

1227. 5-1227 Interbedded mudstone-siltstone sequence; non-resistant:
Mudstone: light olive gray (SY 6/ 1) weathered; laminated (2-4 per

inch); weathers to chip 1/ 4 to 1/2 inch thick. Upper contact with overlying
sandstone sharp, locally load deformed, gently undulating, lower contact
gradational over 1/ 3 inch.

Siltstone: grayish orange (10YR 7/ 4) weathered; laminated (1/ 3 inch);
poorly sorted; non-calcareous. Upper contact gradational over 1/ 3 inch,
lower contact sharp, gently undulating.
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Typical sequence-

e, mudstone 1

d. siltstone 5

c. mudstone 2

b. siltstone .5
a. mudstone 2

Contact: sharp and planar.

1227-1226.5 Sandstone as at 1284.

Contact: sharp, load deformed and gently unlulating.

1226.S-1225.5 Interbedded mudstone-siltstone sequence: non-resistant:

Mudstone as at 1227. Upper contact with overlying sandstone sharp,

locally load deformed, gently undulating, lower contact gradational over
1/3 inch.

Siltstone as at 1227. Upper contact gradational over 1/ 3 inch, lower
contact sharp, gently undulating.

Top 6 inches of interval load deformed.

Contact: sharp, load deformed and gently undulating.

1225. 5-1220 Sandstone: resistant rib-former; grayish orange (10YR 7/4) weathered,
structureless at base, laminated (10-12 per inch) in top 5 inches; coarse-
grain imperceptibly grading upward into very fine sand; moderately sorted;
non-calcareous; angular to subangular quartz, feldspar, biotite, lithic
fragments.

1220-1168 Covered by beach mud; assumed to be mudstone.

Contact: Spray Formation, Main Tongue (K 4) and Geoffrey Formation, Tongue 4 (Kgf 4)
(Minimum thickness = 197 feet).

1168-1111.5 Sandstone: resistant ridge-former.; pale yellowish orange (10YR 8/6)
weathered; yellowish gray '5Y 7/2) fresh; very thick to thick bedded (3-9 feet),
upper 2-10 inches laminated (3-7 per inch); coarse-grained imperceptibly
grading upward into fine-grained sand; moderately sorted; non-calcareous;
angular to subrounded quartz, feldspar, biotite, lithic fragments, mud ripups
1/4 to 5 inches in length; rare circular depressions 1-10 feet in diameter
produced by the removal of resistant calcareous sandstone concretions and
subsequent erosion by sea spray and waves; rare calcareous sandstone concre-
tions exposed as resistant nodes .5-3 feet in diameter. Interval contains scour-
and-fill and channels in and at the base of beds.

Contact: sharp and gently undulating.
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At 1115 offset 800 feet southwest along bedding contact to align traverse and
avoid water, attitude N. 600 W. dip 17° N. E.

1111.5-1106 Sandstone as at 1111. 5, scattered with local concentrations of mud ripups at
base of beds.

1106-1024.5 Partially covered by vegetation; sporatic exposure of sandstone and sandstone
blocks. Presumably sandstone as at 1111.5.

1024.5-1020.5 Sandstone: resistant ledge-former; pale yellowish orange (1 OYR 8/6)
weathered; very thickly bedded; coarse-grained imperceptibly grading upward
into very fine-grained sand; moderately sorted; non-calcareous; angular to
subangular quartz, feldspar, biotite, lithic fragments.

1024. 5-1013 Covered by vegetation assumed to be sandstone.

1013-1007.5 Sandstone: resistant ledge-former; pale yellowish orange (10YR 8/6)
weathered; coarse-grained imperceptibly grading upward into fine-grained
sand, upper 8 inches laminated (3-7 per inch); moderately sorted; non-
calcareous; angular to subangular quartz, feldspar, biotite, lithic fragments;
rare calcareous sandstone concretions exposed as resistant nodes 3-12 inches in
diameter. Bed contains channels.

Contact: sharp and planar.

1007. 5-986 Sandstone: resistant ridge-former; pale yellowish brown (10YR 6/2)
weatherrd; upper 14 feet indistinctly bedded, middle 7 feet laminated (5-7
per inch), top 6 inches scour and climbing ripple drift laminations; coarse-
grained imperceptively grading upward into fine sand; friable; moderately
sorted; non-calcareous; angular quartz, feldspar, biotite, lithic fragments.

Contact: sharp and planar.

986-971 Sandstone: resistant ridge-former; pale yellowish brown (10YR 6/2)
weathered; indistinctly bedded; internal scour-and-fill; coarse- to medium-
grained; well to moderately sorted; nori-calcareous; angular to subangular
quartz, feldspar, biotite, lithc fragments; pebble lenses and channels. Lower

contact sharp, load deformed, gently undulating.

Contact: Geoffrey Formation, Tongue 4 (K f
4) and Spray Formation, Tongue 3 (Ksp

3
contourted, load deformed, sharp, undulating. Altitude N. 600 W. dip 19° N. E.

Spray Formation, Tongue 3 (KsP 3) (Minimum thickness = 109.5)

971-969.5 Siltstone: non-resistant: yellowish gray (5Y 7/2) weathered; laminated
(9-16 per inch); load deformed, contourted; very fine to silt grained; poorly
sorted; non-calcareous; angular quartz, feldspar, biotite.

Contact: gradational over 3. 5 inches.
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969. 5-967

967-965

Description

Sandstone: resistant rib-former; pale yellowish brown ' 10YR 6/2) weathered;
thickly bedded (2. 6 feet); very coarse-grained imperceptively grading
upward into silt-grained sand; moderately sorted; non-calcareous; angular to

subangular quartz, feldspar, biotite, lithic fragments.

Contact: sharp and planar.

Interbedded xnudstone -siltstone sequence: non-resistant.
Mudstone as at 1225. 5. Upper contact with overlying sandstone sharp,

locally load deformed, gently undulating, lower contact gradational over
1/ 3 inch.

Siltstone as at 1225. 5. Upper contact gradational over 1. 3 inch,
lower contact sharp, locally load deformed, gently undulating.

965-860 Covered by mud beach presumably non-resistant mudstone.

Contact: Spray Formation, Tongue 3 (Kip 3) and Geoffrey Formation, Tongue 3 (Kgf 3);
covered. Attitude N. 59 W. dip 17 N. E.

Geoffrey Formation, Tongue 3 (Kgf 3) (Minimum thickness = 300. 5 feet).

860-836.5 Sandstone: resistant ridge-former; pale grayish orange (10YR 7/4) weathered;
indistinctly bedded; coarse- to medium-grained; poorly sorted; non-calcar-
eous; angular to subangular quartz, feldspar, biotite, lithic fragments.

Contact: sharp and planar.

836. 5-827 Sandstone: resistant ridge-former; light brown (5Y 5/6) weathered; indis-
tinctly bedded; coarse-grained imperceptively grading upward into very fine-
grained sand; poorly sorted; non-calcareous; angular to subangular quartz,
feldspar, biotite, lithic fragments; mud ripups; scattered fine pebbles.

Contact: sharp and undulating to scoured.

827-817.5 Sandstone: resistant ridge-former; light brown (5Y 5/6) weathered; indis-
tinctly bedded (1 1/2-2 feet), laminated (5-7 per inch); coarse-grained
imperceptively grading upward into medium sand; poorly sorted; non-
calcareous; angular to subangular quartz, feldspar, biotite, lithic fragments.
Interval included channel (823-827) with mudstone angular clast (4-5 inches
long) as fill.

Contact: sharp and planar.

817.5-811.5 Sandstone: resistant rib-former; grayish orange (10YR 7/4) weathered; bedded
(6 feet); coarse-grained imperceptively grading into medium sand; poorly
sorted; non-calcareous; angular to subangular quartz, feldspar, biotite, lithic
fragments. Interval included channels with sandy pebble fill.

Contact: sharp and scoured.
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At 811.5 offset 800 feet northwest along top of bedding plane to avoid water,
attitude N. 650 W. dip 180 N. E.

811. 5-796.5 Sandstone: resistant ridge-former; grayish orange (10YR 7/4) weathered;
grayish blue (5PB 5/2) fresh; indistinctly bedded, laminated (4-7 per inch);
coarse- to medium-grained; moderately sorted; non-calcareous; angular to
subangular quartz, feldspar, biotite, lithic fragments; rare scour-and-fill;
scattered fine pebbles.

Contact: sharp and planar.

796. 5-779 Sandstone: resistant ridge -forma.er; grayish orange (1OYR 7/4) weathered;
grayish blue ( 5PB 5/2) fresh; indistinctly bedded, laminated (5-7 per inch);
coarse-grained imperceptively grading upward into medium-grained sand;
moderately sorted; non-calcareous; angular to subrounded quartz, feldspar,
biotite, lithic fragments; stringers and channels of gravel and/or pebbles.

Contact: sharp and scoured.

779-750 Sandstone: resistant ridge-former; grayish orange (10YR 7/4) weathered;
grayish blue ( 5PB 5/2) fresh; indistinctly bedded; coarse-tail graded, stringers

and lenses, of pebbles and gravel at base imperceptively grading upward into
fine-grai'-ed sand at top; poorly sorted; non-calcareous; angular to subrounded
quartz, feldspar, biotite, lithic fragments.

Contact: sharp and scoured.

750-741 Sandstone: non-resistant; light olive gray (5Y 6/ 1) weathered; lower 2 feet
laminated (5-7 per inch), upper 7 feet trough cross-laminated and interference
ripple cross-laminated; very fine- to fine-grained; poorly sorted; non-calcar-
eous; angular quartz, feldspar, biotite.

Contact: sharp and planar.

At 741 offset 250 feet northwest along top of bedding plane to avoid water,
attitude N. 590 W. dip 170 N. E.

741-731 Sandstone: resistant ridge-former; pale yellowish brown (10YR 6/2) weathered;
indistinctly bedded at base, laminated (2-3 per inch) at top; lower 2 feet very
coarse-grained with scattered pebbles imperceptively grading upward into
medium-grained sand; moderately sorted; non-calcareous; angular to sub-
angular quartz, feldspar, biotite, lithic fragments; exhibit honeycomb
weathering.

Contact: sharp and planar.
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731-724

Description

Sandstone: resistant ridge-former; pale yellowish brown (10YR 6/2)
weathered; indistinctly bedded at base, upper 9 inches laminated (5-9 per
inch); coarse- to medium-grained; moderately sorted; non-calcareous;
angular to subangular quartz, feldspar, biotite, lithic fragments.

724-669 Partially covered by vegetation; sporatic exposure of sandstone and sandstone
blocks; presumably sandstone as at 724.

669-645.5 Sandstone: resistant ridge former; pale yellowish brown 1OYR 6/2)
weathered; channeled; normally graded cobble to coarse sand, lower 7
feet raudstone breccia (individual mud ripups 1/4 to 48 inches long) chan-
nelized in very coarse sand with stringers and lenses of pebbles grades over

36 inches into coarse sand; poorly sorted; non-calcareous; angular quartz
feldspar, biotite, lithic fragments.

Contact: sharp and gently undulating.

645.5-642 Sandstone: resistant ridge former; pale yellowish brown (1OYR 6/2)
weathered; bedded (3. 5 feet), upper 6 inches laminated (5-7 per inch);
coarse-grained imperceptively grading upward into very fine sand; poorly
sorted; non-calcareous; angular to subangular quartz, feldspar, biotite,
lithic fragments; upper 6 inches load deformed.

Contact: sharp and gently undulating.

642-636 Sandstone: resistant ridge former; pale yellowish brown (10YR 6/2)
weathered; lower 2 feet indistinctly bedded, middle 3. 5 feet laminated
(5-9 per inch), upper . 5 feet laminated (12-16 per inch); very coarse-
grained imperceptively grading upward into 6 inches of clay; poorly sorted;
non-calcareous; angular to subangular quartz, feldspar, biotite, lithic
fragments.

Penecontemporaneous deformation has resulted in two isoclinal anti-
clinal forms probably reflecting underlying sandstone diapirs which do not
breach this interval. Warping of the bedding becomes succesively less
apparent through the overlying two intervals. The structures are 2-5 feet
high and 3-7 feet wide at the base. They strike N. 70° E. with a 43° plunge

E. N. E. and N. 50 E. with a 200 plunge E. N.E.

Contact: sharp and gently undulating.

636-622.5 Sandstone: non-resistant; pale yellowish brown ( 1OYR 6/2) weathered; lower
36 inches indistinctly bedded, upper 126 inches laminated (5-8 per inch);
lower 12 inches very coarse sand with scattered pebbles imperceptively
grades upward into very fine-grained sand; moderately sorted, non-calcar-
eous; angular to subrounded quartz, feldspar, biotite, lithics; upper 126 inches
contourted.

Contact: sharp, load deformed and gently undulating.
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622.S-620.5 Sandstone: non-resistant; pale yellowish brown (10Y R 6/2) weathered; light
olive gray (5Y 5/2) fresh; laminated (5-8 per inch); very fine- to fine-grained;
poorly sorted; non-calcareous; angular quartz, feldspar, mica.

620. 5-612 Covered by mud beach presumably sandstone as at 620. 5.

612-593

593-591

591-578

578-560

Sandstone: non-resistant: moderate reddish brown (10YR 5/4) weathered;
grades from indistinctly bedded to laminated (5-8 per inch) and from coarse-
grained to very fine-grained laterally and vertically; moderately sorted; non-
calcareous; angular quartz, feldspar, biotite, lithic fragments; fine grained,
laminated sandstone weather to flags.

Contact: sharp, load deformed, and gently undulating.

Sandstone as at 620. 5.

Contact: sharp and planar.

Sandstone: non-resistant; yellowish gray (5Y 7/2) to moderate reddish brown
(10YR 5/4) weathered; laminated (5-9 per inch); coarse-grained impercep-
tively grading upward into fine sand; moderately sorted; non-calcareous;
angular to subangular quartz, feldspar, biotite, lithic fragments; isolated
channels at the top of the interval to a depth of 8 feet, sand, pebble, gravel,
and mud ripup channel-fill. Sandstone weathers out in flags controlled by
bedding (N. 60° E. dip 17° N. E.) and fracture set (N. 89° E. dip S. E. 72°).

Contact: sharp and scour-and-fill.

Sandstone: resistant rib-former; pale yellowish brown (10YR 6/2) weathered;
bedded (1-1 1/2 feet), laminated 5-7 per inch); coarse- to medium-grained;
moderately sorted; non-calcareous; angular to subangular quartz, feldspar,
biotite, lithic fragments;

Contact: Geoffrey Formation, Tongue 3 (Kgf 3) and Spray Formation, Tongue 2 (Ksp 2);
covered. Attitude N. 550

W. dip 18° N. E.

Spray Formation, Tongue 2 (Ksp 2) (Minimum thickness = 46 feet)

560-514 Covered by mud beach assumed to be mudstone.

Contact: Spray Formation, Tongue 2 (Ksp 2) and Geoffrey Formation, Tongue 2 (Kgf 2);
covered. Attitude N. 58° W. dip 19° N. E.

Geoffrey Formation, Tongue 2 (Kgf 2) (Minimum thickness = 385. 5 feet).

514-491 Sandstone: resistant ridge-former; grayish orange (10YR 7/4) weathered; in-
distinctly bedded; very coarse- to coarse-grained; moderately sorted; non-
calcareous; angular to subangular quartz, feldspar, biotite, lithic fragments;
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Interval (feet)

491-484

484-471

471-469

469-468

468-444

444-415

Description

scattered pebbles; scour-and-fill structures; minor load deformation.

Contact: sharp and gently undulating.

Sandstone: resistant ridge-former; grayish orange (10YR 7/4) weathered; lower
6 feet indistinctly bedded, upper 1 foot laminated (7-10 per inch); coarse-
grained imperceptively grading upward into medium-grained sand; moderately
sorted; non-calcareous; angular to subangular quartz, feldspar, biotite, lithic
fragments; minor load deformation at top of interval.

Contact: sharp and gently undulating.

Sandstone: resistant ridge-former; grayish orange (10YR 7/4) weathered;
yellowish gray (5Y 8/2) fresh; lower 8 feet indistinctly bedded, upper 4 feet
laminated (7-10 per inch; lower 2 feet very coarse-grained with scattered
pebbles imperceptively grading upward into 7 feet of coarse to medium-
grained and then into 4 feet of medium- to fine-grained sand; moderately
sorted; non-calcareous; angular to subangular quartz, feldspar, biotite, lithic
fragments; minor load deformation at top of interval.

Contact: sharp and gently undulating.

Sand stone as at 484.

Contact: sharp and gently undulating.

Sandstone: resistant ridge-former; grayish orange (10YR 7/4) weathered;
indistinctly bedded at base, top 6 inches laminated (3-5 per inch). Coarse-
grained imperceptively grading upward into medium-grained sand; moderately
sorted; non-calcareous; angular to subangular quartz, feldspar, biotite, lithic
fragments; mud ripups at base of interval.

Contact: sharp and gently undulating.

Sandstone: resistant ridge former; grayish orange (10YR 7/4) weathered;
indistinctly bedded; very coarse- to coarse-grained; moderately sorted;
non-calcareous; angular to subangular quartz, feldspar, biotite, lithic frag-
ments; calcareous sandstone concretions weather out as resistant nodes
1- 1 1/2 feet in diameter, dusky brown (5YR 2/2) in color.

Contact: sharp and planar.

Sandstone: resistant ridge-former; grayish orange (10YR 7/4) weathered;
indistinctly bedded; very coarse-grained; moderately sorted; non-calcareous;
angular to subangular quartz, feldspar, biotite, lithic fragments.

Contact: load deformed (flames) and scoured.
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Interval (feet) Description

415-410 Sandstone: resistant ridge-former; grayish orange (10YR 7/2); laminated (5-7
per inch); coarse-grained; moderately sorted; non-calcareous; angular quartz,
feldspar, biotite, lithic fragments; upper part of interval load deformed,
small flames.

Contact: sharp and planar.

410-403.5 Sandstone: resistant ridge-former; yellowish gray (5Y 7/2) weathered; medium
bedded (6-10 inches), laminated (4-9 per inch); coarse-grained imperceptively
grading upward into medium-grained sand; upper part of interval load deformed.

Contact: sharp and planar.

403. 5-392.5 Sandstone: resistant ridge-former; yellowish gray (SY 7/2) weathered; lower
12 inches very coarse-grained with scattered pebbles imperceptively grading
upward into coarse-grained sand; moderately sorted; non-calcareous; angular
to subangular quartz, feldspar, biotite, lithic fragments.

Contact: Load deformed, sharp and gently undulating.

392.5-382.5 Sandstone: resistant ridge-former; yellowish gray (5Y 7/2) weathered; lower 7
feet indistinctly laminated, middle 2.5 feet medium bedded (6-10 inches),
upper . 5 feet laminated (7-9 per inch); very coarse-grained imperceptively
grading upward into medium-grained sand; moderately sorted, non-calcareous;
angular to subangular quartz, feldspar, biottite, lithic fragments; upper part
of interval load deformed.

Contact: sharp and planar.

382. 5-377 Sandstone: resistant ridge-former; yellowish gray (5Y 7/2) weathered; medium
bedded (6-10 inches), laminated (7-9 per inch); medium-grained; moderately
sorted; non-calcareous; angular to subangular quartz, feldspar, biotite, lithic
fragments.

Contact: sharp and planar.

377-371 Sandstone: resistant ledge-former; yellowish gray (5Y 7/2) weathered; indis-
tinctly bedded; very coarse-grained; moderately sorted; non-calcareous; angular
quartz, feldspar, biotite, !Ethic fragments.

371-339.5 Partially covered by vegetation, sporatic outcrops of sandstone.

339. 5-328.5 Sandstone: resistant ridge-former; pale yellowish orange (10YR 8/6) weathered;
indistinctly bedded; very coarse-grained; moderately sorted; non-calcareous;
angular to subrounded quartz, feldspar, biotite, lithic fragments; stringea and
lenses of pebbles.

Contact: load deformed, sharp and undulating.
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Interval (feet) Description

328.5-296 Sandstone: resistant ridge-former; light olive gray (5Y 7/2) weathered;

medium bedded (3-12 inches), laminated (7-10 per inch); coarse- to medium-
grained; moderately sorted; non-calcareous; angular to subrounded quartz,

feldspar, biotite, lithic fragments. Channel incised into interval between
296 feet and 300 feet, sandy gravel channel-fill, appears pale yellowish brown
(10YR 6/2) weathered; channel with 13 feet, 4 feet deep.

Contact: sharp and planar.

296-283.3 Sandstone: resistant ridge-former; light olive gray (5Y 7/2) weathered; med-
ium bedded (6-10 inches), laminated (8-12 per inch); coarse- to medium-
grained; poorly sorted; non-calcareous; angular to subangular quartz, feldspar,
biotite, lithic fragments.

Contact: sharp and planar.

At 283. 5 offset 150 feet northwest along top of bedding plane to avoid water,
attitude N. 59° W. dip 16° N. E.

283. 5-273 Sandstone: resistant ridge-former; yellowish gray (5Y 7/2) weathered; indis-

tinctly bedded; very coarse-grained; moderately sorted; non-calcareous;
angular quartz, feldspar, biotite, lithic fragments; scattered pebbles. Lower

contact sharp, planar.

Contact: sharp and planar.

273-258 Sandstone: resistant ridge-former; yellowish gray (5Y 7/2) weathered; medium
bedded (6-10 inches); imperceptively graded upward from 4 feet gravels and
pebbles to 1 foot pebbles and very coarse-grained sand to 8 feet very coarse-

grained sand with scattered pebbles to 2 feet very coarse-grained sand rare

pebbles; moderately sorted; non-calcareous; angular to rounded quartz, feldspar,

biotite, lithic fragments; exhibit honeycomb weathering. Lower contact sharp,

gently undulating.

Contact: sharp and gently undulating.

258-253.5 Sandstone: resistant ridge-former; yellowish gray (5Y 7/2) weathered; bedded

at base (1.5 feet), thinly bedded at top (1-2 inches) and laminated (5-7 per
inch); grades upward from 1. 5 feet very coarse pebbly sand to 3 feet medium
sand; moderately sorted; non-calcareous; angular quartz, feldspar, biotite,
lithic fragments Lower contact sharp, planar.

Contact: sharp and planar.

253. 5-222 Sandstone as at 253. 5; exhibit honeycomb weathering.

Contact: gradational over 12 inches to conglomerate.
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Interval (feet) Description

222-219.5 Conglomerate: resistant ridge-former; pale reddish brown 1OR 5/4) to very
dusky red (10R 2/2) in gross aspect; bedded (2.5 feet). Framework: fine
to medium pebbles, medium pebbles predominant; grain-supported, though
matrix rich; subangular to subrounded chert, quartzite, andesite, granodiorite.
Sandstone matrix: medium- to coarse-grained predominant; subangular quartz,
feldspar, biotite, lithic fragments.

Contact: sharp and planar.

219. 5-188 Sandstone: resistant ridge-former; pale yellowish orange (10YR 8/6) weathered;
indistinctly bedded; 1. 5 feet pebbly coarse-grained sand at base grades upward
into coarse-grained sand with scattered pebbles; moderately sorted; non-
calcareous; angular to subrounded quartz, feldspar, biotite, lithic fragments.

Contact: sharp and planar.

188-128.5 Sandstone: resistant ridge-former; pale yellowish orange (10YR 8/6) weathered;
thinly bedded (1/2- 1 1/2 inches), laminated (7-9 per inch); very coarse- to
coarse-grained; moderately sorted; non-calcareous; angular quartz, feldspar,
biotite, lithic fragments.

Contact: Geoffrey Formation, Tongue 2 (Kgf 2) and Spray Formation, Tongue 1 (Ksp 1); sharp,
gently undulating. Attitude N. 600 W. dip 17° N. E.

Spray Formation, Tongue 1 (Ksp 1) (Minimum thickness = 4; 5 feet).

128. 5-124 Mudstone: non-resistant; very dusky red (1OR 2/2) to brownish black (5YR 2/ 1)
weathered; indistinctly bedded; load deformed.

Contact: Spray Formation, Tongue 1 (Ksp 1) and Geoffrey Formation, Tongue 1 (Kgf 1); sharp,
gently undulating.

Geoffrey Formation, Tongue 1 ( Kgf 1) (Minimum thickness = 124 feet);

124-121.5 Sandstone: resistant ridge-former; pale yellowish orange (10YR 8/6)
weathered; indistinctly bedded; very coarse-grained; poorly sorted; non-
calcareous; angular to subangular quartz, feldspar, biotite, lithic fragments;
mud ripups located in top 1. 5 feet of interval.

Contact: gradational over 6 inches into underlying conglomerate.

121.5-117.5 Conglomerate: resistant ridge-former; pale reddish brown ( 10YR 5/4) to
very dusky red (lOR 2/2 in gross aspect; indistinctly bedded; cobbles to
coarse pebbles predominant; grain-supported; subrounded chert, quartzite,
andesite, granodiorite.

Contact: sharp and planar.



192

Interval 'feet)

117. 5-110

110-98

Description

Sandstone as at 188.

Contact: sharp and planar.

Conglomerate as at 117. 5; some clasts current imbricated.

Contact: sharp and planar.

98-73.5 Sandstone: resistant ridge-former; pale yellowish orange (10YR 8/6)
weathered; moderate yellow (5Y 7/6) on broken surface; bedded (12-24

inches); coarse-grained; moderately sorted; non-calcareous; angular to sub-

angular quartz, feldspar, biotite, lithic fragments.

73. 5-71

71-0

Contact: gradational into underlying conglomerate over 14 inches.

Conglomerate as at 117. 5; indistinctly bedded.

Contact: sharp and planar.

Conglomerate: cliff-former; pale reddish brown 10 R 5/4) to very dusky red
(10R 2/2) in gross aspect; crudely very thickly bedded; some clasts current
imbricated. Framework: boulders to pebbles; grain-supported; subrounded
to rounded chert, quartzite, andesite, diorite, granodiorite, vein quartz.
Sandstone matrix: very coarse- to medium-grained; poorly sorted; subangular
quartz, feldspar, lithic fragments.

Initial point ( G, Plate 1) is mean sea level at the water cliff interface 270 feet south of the
Mary Anne Point navigation light, Galiano Island. Bearings from the initial point to Reserve
Point, Mayne Island and Miners Bay, Mayne Island are S. 12° E. and S. 390 E. respectively.

Attitude is N. 600 W., 17° N. E. ; proceed N. 30 ° E. upsection.
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APPENDIX E

Modal Analyses of Sandstone Samples

Sample Geoffrey Formation

Mineralogy KG.F 4 KGF-5 KGF-6 KGF-7 KGF-13

Stable grains
normal quartz 18.5 6.7 8.8 11.6 5.9

strained quartz 4.0 18.7 11.8 11.4 14. 8

polycrystaline quartz 2.2 6.7 5.4 2.0 2.0

chert 8.5 .5 11.2 5.5 6.5

Feldspars
potassium feldspar 16.3 10.9 13.9 16.3 14.8

plagioclase 25.2 30.5 22.8 27.5 26.8

Mica
b iotite 3. 3 7.2 3.5 5.2 1.9

muscovite .7 1.8 2. 3 .8 1.0

chlorite T 1.2 .7 2. 3 T

Pyroxenes
orthopyroxene
c linopyrox en e

T

Amphiboles
e pid ote T 1.2 T .5

hornblende .5 1.0 T

Heavies
zircon .2 T T T

sphene T T .2 T

garnet (almandite) T T T

apatite T

leucoxe e T

Iron-rich minerals
magnetite T .3 T .5 .6
pyrite T

hematite .2 T

limonite
Rock fragments

basalt and andesite 1.5 2. 9 5. 4 3. 2 5. 2

greenstone T T T T T

granite, granodiorite
and diorite .2 T T

foliated metamorphic .7 .7 -- .4
sedimentary .7 .5

Alteration products
laurnontite
sericite and kaolinite

Undifferentiated calcite
Cements

silica
calcite
undifferentiated
clay matrix (less than
30 microns)

T T

T T

T T T

18. 1 12. 3

T

13.0 11. 3 18. 6
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APPENDIX E

Modal Analyses of Sandstone Samples

Sample Northumberland Formation Spray Formation

Mineralogy KGB 15 KN-16 KN-17 KSP-18 KSP-19

Stable grains

normal quartz 3. 6 8.5 9. 8 3. 8 7. 2

strained quartz 11.9 16.5 18.0 15.1 17.1

polycrystaline quartz 4. 0 2.2 2. 0 2. 2 2.1
chert 9.5 5.5 4.0 9.7 4.8

Feldspars
potassium feldspar 12.4 5.8 14.5 11.6 13.5
plagioclase 19.4 24.8 22.8 23.4 28.2

Mica
b iotite 3. 2 4. 9 2. 3 4. 3 3. 6

muscovite 2.4 1.2 .9 2. 1 1. 1

chlorite 1.0 .9 1. 1 1.7 . 3

Pyroxenes

orthopyroxene

clinopyroxene T
Amphiboles

epidote T T .5 -- T

hornblende T .6 T T T

Heavies
zircon
sphene

T T T
T -- T

garnet (almandite) -- T T T T

apatite T T

leucoxene T T -- °_

Iron-rich minerals
magnetite .5 .4 T T T

pyrite T T T T T

hematite T T 3

limonite --
Rock fragments

basalt and andesite 1.6 10.3 8.0 7. 5 1. 6

greenstone T -- v- .3 T

granite, granodiorite
and diorite T 1.0 T

foliated metamorphic 1.0 .7 .4 1.7 .5
sedimentary 1.3 T .8

Alteration products
laumontite
serici.te and kaolinite T T T T T

Undifferentiated calcite Z. 9

Cements
silica
calcite 3.7 T T T .9

undifferentiated
clay matrix less than
30 microns) 20.6 16.6 14.2 13.6 17.5
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APPENDIX E

Modal Analyses of Sandstone Samples

Sample Gabriola Formation
Mineralogy KSP-20 KGA-1 KGA-2 KGA-3 KGA-26
Stable grains

normal quartz 3. 2 5.0 6. 3 11.8 2. 4

strained quartz 7.2 28.0 18.9 20.5 17.2

polycrystaline quartz 1. 6 8.0 4. 4 4. 7 2.4
chert 16.3 2.0 3.4 1.3 1.8

Feldspars
potassium feldspar 8.0 14.0 8. 8 18.6 9.4

aeroctase 17.1 21.0 29.6 26.0 35.1

Mica
biotite 1.2 9.0 5.2 5.8 4.8
muscovite 1.2 . 5 1.5 1.6
chlorite 1.4 1.0 1.0 T

Pyroxenes
orthopyrox ene
clinopyroxene

T
.2 -- .2

Amphiboles
epidote .5 .4 T .5
hornblende T 3. 3 T T

Heavies

zircon .1 T T T

sphene T .2 1.0
garnet (almandite)
apatite

T T T

eucoxene

Iron-rich minerals
magnetite T .5 .5 .2 .3

pyrite T T

hematite T T T T T

limonite
Rock fragments

basalt and andesite 3. 6 .2 1. 1 .5 1.0
greenstone
granite, granodiorite
and diorite
foliated metamorphic .0 2

T
--

T

sedimentary .5 .2 .5

Alteration products
laumontite
sericite and kaolinite

T
T T

Undifferentiated calcite
Cements T

silica 1.0

calcite 39. 3

undifferentiated
clay matrix (less than
30 microns) 8.0 19.0 5.5 2 3. 1

T
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APPENDIX E

Modal Analyses of Sandstone Samples

Sample Gabriola Formation
Mineralogy KGA-24 KGA-25 KGA-27 KGA-28 KGA-29
Stable grains

normal quartz 5.6 1.9 6.0 6. 5 4.9
strained quartz 18.8 19.5 16. 2 16. 2 12. 2

polycrystaline quartz T T 2. 3 2. 3 .7

chert 1.9 2.0 2.0 2.4
Feldspars

potassium feldspar 10.4 16.2 12. 6 16.2 8. 1

plagioclase 33.9 23.8 29.8 29.1 35. 9

Mica
b iotite 3. 1 4.8 4.5 3.4 4. 2

muscovite 1.0 T 1.4 .5 T

chlorite T 1.0 T .5 2, 1

Pyroxenes

orthopyroxene
clinopyroxene T T T

Amphiboles
epidote T T T T T
hornblende .5 T T 1.0 1.0

Heavies
zircon T T T T T
sphene

garnet (almandite)
T
T

T

T
T
T

T

T T
apatite
leucoxene T T

T
T

Iron-rich minerals
magnetite .8 T 1.7 1.7 1.4
pyrite -- -- T T --
hematite T T T .2 T
limonite

Rock fragments
baslat and andesite 2.5 .9 1. 1 2.0 2. 9

greenstone

granite, granodiorite
and diorite
foliated metamorphic 2 9 - - . 8

sedimentary .6 T
Alteration products

laumontite -- -- -- --
sericite and kaolinite T T T T T

Undifferentiated calcite .5 - -
Cements

silica -- -- -- --
calcite T 8.5 T -- T

undifferentiated
clay matrix (less than
30 microns) 22.2 19.1 21.6 17.8 21.9



APPENDIX F.

Pebble Count Lithologies

Sample
Geoffrey
Formation

Lithology Kgf-PC- 1 Kgf-PC-2 Kgf-PC-3 Kgf-PC-4

chert 23 12 19 17

quartzite 18 13 22 31

vein quartz 3 2 1 -

granitic 19 16 11 4

ande s ite 8 43 16 6

basalt 1 1 - -

greenstone 4 - 2 -

foliated
metamorphic 9 4 - 2

granodiorite
and monzonite 12 9 Z5 29

rhyolite 3 - - -

sandstone - - - 2

low-grade
metamorphosed
mudstone - - 4 9
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APPENDIX G.

Clay Mineralogies

Mineralogy
Chlorite Mica Kadlinite Vermiculite Montmorillonite Mix layer

Sample clay
Quartz Feldspar

Spray Formation.
(Galiano Island)

Montague
Harbour xx xx ? - x x

Sturdies Bay xx xx ? ? - ? x x

Northumberland
Formation
(Galiano Island)

Payne Bay xx xx ? ? x x

(Parker Island)
tombolo on
northeast side
of Parker Is. xx xx ? ? x x

xx = common; x = present; ? = questionable occurrence
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APPENDIX H.

X-ray and Clay Analytical Technique

Four different clay separates from mudstone samples of the

Northumberland Formation and five different clay separates from the

Spray Formation were prepared for X-ray diffraction analysis. The

method used involved the application of a clay paste to petrographic

microslides after the samples had been sieved and subjected to

different pretreatments (kept as simple as possible to avoid modifica-

tion of the crystal structure and expansive properties of 2:1 clays).

The procedure was as follows:

Samples were disaggregated by prolonged water soaking and/or

light grinding. The resulting detritus was screened through a 2 mm

sieve. Carbonate was removed using a NaOAC buffer (Harward

Only two of the nine samples needed this treatment. Organics and

iron did not occur in amounts significant enough to necessitate treatment

for their removal. The samples were then saturated with Ca++ion by

centrifuging and washing twice with 1 N calcium carbonate solutions

followed by two washings with distilled H2O. The centrifuging, lasting

approximately five minutes, was done at 750 rpm to remove any silt-

size particles. The final centrifuging, done for seven minutes at

6, 000 rpm, separated the finer material from suspension. After

decanting the wash water, a small amount of these sediments,
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sufficient to give a thin layer, was removed from the centrifuge tubes

and smeared on petrographic microslided (Theisen 1962). The slides

were allowed to dry at room temperature.

The prepared slides were scanned from 20 to 300 20 using a

Norelco X-ray diffractometer. Two runs were made of each clay

separates: 1) saturated with Ca++, and 2) treated with ethylene glycol.

Instrument settings were as follows:

Radiation:
KV:
MA :

Filter :
Resolution Slit:

Scatter Slit

Rate Meter Settings

Multiplier .
Time Constants:

Scan Rate :

Copper (Cu)Ka (broad focus)
35
35
Nickel

006 inch
006

2X103
2. 0 seconds
102 0/minute



APPENDIX I

Geoffrey Formaion and Gabriola Formation Statistical Parameters for Size Data from Sieving

Geoffrey Formation

Sand Coarse Silt Coarsest Median Medium Mean Sorting Skewness Kurtosis Rounding Sphericity

silt clay (after Krumbein Sloss

Sample 9/. 10/mm mm 1951, visual estimate)

K gf4 88.9 5.5 5.6 .73 .30 1.74 2.03 1.17 .43 1.16 .28 .50

K f6
g

92.0 4.8 3.2 .75 .32 1.62 1.9 1.34 .4 1.18 .28 .48

K f8
g

89.2 5.6 5.2 .7 .28 1.85 2.1 1.12 .43 1.29 .26 .70

K f12
g

92.5 4.1 3.4 .95 .42 1.25 1.5 1.18 .45 1.02 .29 55

K f13
g

83.0 9.3 7.7 .8 .23 2.15 1.98 1.41 . 31 .85 . 25 . 6

Gabriola Formation

K
ga

1 89 5.2 5.8 .68 .2 2.34 2.36 1.09 .17 2.53 .38 .58

K
ga

2 84 8.8 7.2 .6 .21 2.28 2.59 1.26 .33 3.1 .28 .58

K
ga

3 89.5 5.9 4.6 .7 .25 2.0 2.2 1.15 .34 1.32 .3 .4

K
ga

11 88 6.1 5.9 .9 .20 2.31 2.41 1.21 .18 2.43 .35 .55

K
ga

25 91.6 5.2 3. 2 3.25 .4 1.33 1.49 1.47 .27 1.15 .41 .6
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APPENDIX J

Statistical Parameters from Size Data
Plotted on Passega (1957) C-MDiagram

C = 4000

C = 1000

C=100

C = 30

III: Quiet Water Deposits
VII: Beaches

II, VIa, VIb: Turbidity Currents

Basic Patterns
I, IV, V: Rivers, Tractive Currents

M= 1 M= 10

0

M= 100

M = medium in microns

K gf4 : Upper Geoffrey Formation member (Mary Anne Point vicinity, Galiano Island).

K
gf

: Upper Geoffrey Formation member, tongue in Spray Formation ( Gray Peninsula,
Galiano Island).

I - ,

f8
: Upper Geoffrey Formation member (south of Scoones Point on Burrill Road, Galiano

g Island`.

K gf12: Lower Geoffrey Formation member (Phillimore Point, Galiano Island).

K gf13: Lower Geoffrey Formation member (Wilmot Head, Parker Island).

K 1 : Gabriola Formation (Post office on north end Galiano Island).
ga

K
ga

2 Gabriola Formation (at contact with underlying Spray Formation near entrance to
Montague Harbour Park, Galiano Island).

K
ga

3 Gabriola Formation (at contact with underlying Spray Formation, Sturdies Bay,
Galiano Island).

K
ga

11: Gabriola Formation (vicinity of intersection between Montague Rd. and lot 19,
Galiano Island).

K a25: Gabriola Formation (S. E.corner lot 48, above Porlier Pass Rd., Galiano Island).



APPENDIX K

10.0
Plot Region

II

III
IV

V

Statistical Parameters from Size Data Plotted on Sahu 1964) Diagram*

Common Depositional Environment

Turbidites

Deltaic (Fluvial)

Shallow marine
Beach

Aeolian

I.

1.0

-2

0. 1 I I

S

S
2

M (Y`)
z L I. . it . .

K 12
1Sf

' ecseasizig

v (edgy

10-4 10 3 10-2 0.1 1,0 10.0

*Data analysis approximate based on sieve results.


