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Late Cretaceous sedimentary marine and deltaic rocks of

Gabriola Island were mapped and studied during the summer of 1971.

Cretaceous strata constitute all the exposed outcrops on the island,

which is the northernmost of the Gulf Island chain of British Columbia.

The upper four formations of the Nanaimo Group are recognized,

totalling 2707 feet in composite section, The thinly laminated marine

mudstones and siltstones of the Northumberland and Spray Formations

are separated by deltaic sandstones and conglomerates of the Geoffrey

Sandstone. The younger Gabriola Sandstone lacks the conglomerate

units. Although unconformities between the formations may exist on

a regional basis, locally the major contacts are sharp and planar.

The marine strata are characterized by fine-grained, thinly

laminated beds, and an abundant ammonite fauna, indicative of a low

energy, open marine environment. The deltaic units are medium-



to coarse-grained arkosic wackes and pebble-cobble conglomerates

representing a nearby source, and a high energy, nearshore environ-

ment in which little sediment reworking occurred and burial was

rapid.

The minerals and lithic clasts of the deltaic units exhibit prac-

tically no variation throughout the sections. Source areas are con-

sidered to be the older formations on Vancouver Island.

Channel axis measurements of festoon trough cross-bedding,

plus orientation of sole marks and parting lineations, indicate a pre-

dominant northwest current transport direction for the upper two

formations. Soft-sediment slumping and flame structures support the

probability of a northerly to northwesterly declining paleoslope.

The Cretaceous sequence forms the broad, open, east trending

Gabriola syncline. Intersecting the axis of the syncline on the north

end of the island is the tight, asymmetrical, northeast-trending Lock

Bay anticline. Northwest-trending vertical faults occur parallel to

the axis of the Gabriola syncline. Cross-cutting the syncline axis at

both ends of the island are northeast-trending vertical faults. Except

for that involving the steep limb of the Lock Bay anticline, no folding

of the strata was observed.

Although further work is needed, it is postulated that the Sp-ay

Formation marks the end of basinal downwarping of the Georgia



Seaway and the Gabriola Sandstone marks the close of Cretaceous

tectonic activity within the coastal ranges of Vancouver Island.



Paleoenvironments of the Cretaceous Rocks,
Gabriola Island, British Columbia

by

John Alden Packard, Jr.

A THESIS

submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree of

Master of Science

June 1972



APPROVED:

Redacted for Privacy
Associate P\-ofessor of/Geology

in charge of major

Redacted for Privacy
Acting Chairman of Department of Geology

Redacted for Privacy

Dean of Graduate School

Date thesis is presented

Typed by Cheryl E. Curb for John Alden Packard, Jr.



ACKNOWLEDGEMENTS

The writer wishes to thank the Union Oil Company of California

for financial assistance to help defray field expenses.

Sincere appreciation is extended to Dr. K. F. Oles, for his

patience, advice, professional editing of the manuscript, and for his

field visitation. Thanks are due to Dr. H. E. En lows, Oregon State

University, Dana B. Braislin, George H. Feister, and Edward W.

Scott of Union Oil Company for their visitation.

Drs. H. E. En lows and D. A. Bostwick critically read the

manuscript.

Special appreciation is expressed to Dr. E. M. Taylor for

granting the writer a research assistantship and thus aiding in the

undertaking of this project.

Appreciation is acknowledged for the information and assistance

provided by M. J. Hale and Mr. and Mrs. F. Hi ley of Gabriola

Island. Helpful information was also provided by J. A. (Tim) Brown,

E. D. Bolten, and William H. Coats.

The writer is particularly grateful to his wife, Diane, whose

understanding and untiring assistance contributed immeasurably to

the completion of this thesis.



TABLE OF CONTENTS

Page

INTRODUCTION 1

Location and Accessibility 1

Purposes and Methods of Investigation 1

STRATIGRAPHY
Previous Work
Adjacent Areas

Vancouver Island
De Courcy Group

Thesis Area
Northumberland Formation

General Stratigraphy
Lithology
Primary Features
Geomorphic Expression

Geoffrey Sandstone
General Stratigraphy
Lithology
Primary Features
Geomorphic Expression

Spray Formation
General Stratigraphy
Litho logy
Primary Features
Geomorphic Expression

Gabriola Sandstone
General Stratigraphy
Lithology
Primary Features
Geomorphic Expression

Quaternary Deposits

4
4
5

5

8

8

9

9
16
18
18
19
19
21
25
25
26
26
27
31
32
32
32
34
39
42
42

STRUCTURAL GEOLOGY 45

Regional Structure 45

Thesis Area Structure 46

CURRENT DIRECTIONAL DATA
Spray Formation
Gabriola Sandstone
Postulated Source Areas

50
50



TABLE OF CONTENTS (Cont. )

Page

ECONOMIC GEOLOGY 53

Coal 53
Clay Products 53

Millstone s 54
Building Stone 54
Diatomaceous Earth 55

GEOLOGIC HISTORY 56

BIBLIOGRAPHY 61

APPENDICES 65
Measured Sections 65

Appendix A, Northumberland Formation
(lower section) 65

Appendix B, Northumberland Formation
(upper se ction) 70

Appendix C, Geoffrey Sandstone 74
Appendix D, Spray Formation 76
Appendix E, Gabriola Sandstone 86

Analytical Techniques 99
Appendix F 99



LIST OF FIGURES

Figure Page

1 Index map, Gabriola Island, British Columbia. 2

2 Generalized columnar section of Late
Cretaceous rocks. 10

3 False Narrows, separating Gabriola Island
(left) from Mudge Island (right); lowland on
Gabriola is underlain by Northumberland
Formation. 12

4 Sandstone dike in Northumberland Formation,
False Narrows. 13

5 Fragmentary remains of large ammonite in
Northumberland Formation, False Narrows. 15

6 Sharp, planar contact of Northumberland
Formation with overlying Geoffrey Sandstone;
near B. C. Hydro building on Gabriola Island. 17

7 Classification of Geoffrey Sandstone (using
Gilbert, 1954). 22

8 Histograms of rock types, pebble counts of
conglomerate channels, Geoffrey Sandstone. 24

9 Sharp, planar contact of Spray Formation with
overlying Gabriola Sandstone; Easthom Road,
Des cans o Bay. 28

10 Marcasite concretions, Spray Formation,
north of Leboeuf Bay. 30

11 Classification of Gabriola Sandstone (using
Gilbert, 1954). 35

12 Large sandstone concretions, Gabriola Sand-
stone; south shore, Pilot Bay. 37



LIST OF FIGURES (Cont. )

Figure Page

13 Split sandstone concretion, with five inch mud-
stone nucleus; at W. H. Coats' residence,
Gabriola Island.

14 Honeycomb weathering pattern within the wave
and spray zone on shoreline; Gabriola Sand-
stone, east end of island.

15 Flame structures in Gabriola Sandstone,
Malaspina (Galiano) Gallery, Gabriola Island.

16

17

Wave-cut bench, Gabriola Sandstone.

Wave-cut nip, Malaspina (Galiano) Gallery,
Gabriola Island.

38

40

41

41

43

18 North-dipping strata, Spray Formation,
Leboeuf Bay. 47

19 Current rose diagrams; channel axis measure-
ments of rib-and-furrow structures. 51

A. Gabriola Sandstone
B. Spray Formation

LIST OF PLATES

Plate 1 Geologic Map pocket

Plate 2 North-South Structural Cross-section pocket



PALEOENVIRONMENTS OF THE CRETACEOUS ROCKS
OF GABRIOLA ISLAND, BRITISH COLUMBIA

INTRODUCTION

Location and Accessibility

Gabriola Island is located approximately 70 miles north-north-

east of Victoria, British Columbia, off the eastern edge of Vancouver

Island, and is flanked by the Strait of Georgia (Figure 1). The island

is about nine miles long and three miles wide and trends approximately

east-west.

Access to Gabriola by motor vehicle is via local ferry from the

city of Nanaimo on Vancouver Island, Limited boat facilities are

located at the ferry landing in Descanso Bay and at the government

wharf west of False Narrows. Full marina facilities are available

at Silva Bay.

Paved and gravelled roads closely follow the island's perimeter

and provide ready access to most of the coastline. An extensive net-

work of logging trails allows foot and vehicle travel throughout the

interior of the island.

Purposes and Methods of Investigation

The purposes of this investigation were two-fold: (1) to produce

a detailed map of the structure and stratigraphy of Gabriola Island,
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with included lithologic descriptions of the exposed rock units; (2) to

analyze and interpret sedimentary structures of the rock units with

respect to paleocurrents and depositional paleoenvironments.

Field work was conducted during the period June to September,

1971. Surface geology and structural trends were plotted on aerial

photographs (1 inch = 1/4 mile) obtained from the Air Division, Lands

Service, Victoria, British Columbia. This information was field

checked and transferred to a topographic map of the British Columbia

Department of Lands, Forests and Water Resources.

Rock unit thicknesses were measured directly using a Jacobs

staff and Abney level. Attitudes of current directional structures

were obtained with a Brunton compass. Rosette diagrams (Figure 19)

were prepared to represent graphically paleocurrent flow directions.

Twenty-four thin sections were prepared from selected samples and

examined microscopically. X-ray diffraction data were obtained from

11 samples of the two exposed mudstone units. Field lithologic

descriptions were made with a 10x hand lens, sand-gauge folder, and

the GSA Rock-Color Chart.

Sandstone classification follows that of Gilbert (Williams,

Turner and Gilbert, 1954). Argillaceous rock names are based on

definitions in the AGI Glossary of Geology and Related Sciences.



4

STRATIGRAPHY

Previous Work

Geologic interest in the Late Cretaceous rocks of the east coast

of Vancouver Island extends back to about 1835, when coal units of

possible economic value were discovered. Newberry (1857) and Hec-

tor (1861), on early exploratory expeditions, noted the occurrence of

sedimentary units on Vancouver Island. Richardson (1872) recorded

the first detailed stratigraphic sections of the Cretaceous units, al-

though much of the detailed work involved only the Comox area.

Dawson (1890) proposed the name, Nanaimo Group, for the formations

of the Nanaimo Basin. Clapp conducted years of extensive geologic

study of the east coast of Vancouver Island. In 1914, Memoir 51 of

the Geological Survey of Canada was published and contained detailed

measured and described stratigraphic sections of the formations then

recognized in the Nanaimo Basin.

Usher (1949, 1952) investigated the Cretaceous units of eastern

Vancouver Island, concentrating on the paleontology. He accepted the

stratigraphy as reported by Clapp.

Crickmay and Pocock (1953), after thorough research and in-

vestigation, presented conclusive evidence that the so-called Eocene

units of the Vancouver city area were actually Cretaceous in age.

Recognition of this fact prompted changes in the concepts of
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sedimentary basins in the Strait of Georgia.

Miller and Jeletzky (1970) recognized the two-phase, cyclic

nature of the sandstone-conglomerate and siltstone-shale units, and

have proposed five transgressive cycles of sedimentation. They have

also produced the first comprehensive geologic map (1:250, 000) of the

Nanaimo Group.

Adjacent Areas

Vancouver Island

Central Vancouver Island contains pre-Cretaceous rocks belong-

ing to the Sicker and Vancouver Groups. Also present are several

granitic intrusions that Eastwood (1965) named Island Intrusions.

The Sicker Group includes the oldest rocks of central Vancouver

Island (Muller and Carson, 1969) and consists of three parts. The two

lower parts are unnamed and are dated as Pennsylvanian or older.

The oldest part includes volcanic breccias, tuffs, and greenschists

estimated to be as much as 10,000 feet thick. The middle part is

argillite, greywacke, and conglomerate 2,000 feet thick. The upper

part, the Butt le Lake Formation of Permian age, consists of about

1,000 feet of limestone and chert unconformably overlying the lower

units (Muller and Carson, 1969, p. 7).

Unconformably overlying the Sicker Group is the largest major

rock group of Vancouver Island, the Vancouver Group. Muller and



6

Carson (1969) include the Karmutsen and Quatsino Formations and the

Bonanza Subgroup within this large group of Triassic and Early Jur-

assic rocks. Muller estimates the Karmutsen pillow basalts, pillow

breccias, and basaltic lavas to be about 19,000 feet thick. The over-

lying Quatsino limestones, with interbedded lavas, are estimated by

Muller to range from 500 to 2,000 feet thick. The Bonanza Subgroup,

divided into a lower sedimentary part and an upper volcanic part, is

estimated to be about 1,000 feet thick (Muller and Carson, p. 7).

The Nanaimo batholith is the largest Island Intrusion adjacent to

the coastal lowlands near Nanaimo. It is of granodioritic to quartz

dioritic composition (Muller and Carson, p. 17). This large intrusive

body of Middle to Late Jurassic age, is nonconformably overlain by the

Late Cretaceous sedimentary Nanaimo Group.

The eastern margin of Vancouver Island is underlain by thick

units of Late Cretaceous rocks. These occupy the Comox Basin in the

vicinity of Comox and Courtenay and the Nanaimo Basin, which in-

cludes the Nanaimo area and the Gulf Islands, These two basins are

separated by crystalline rocks of the Sicker Group in the Nanoose-

Texada Uplift. The structural separation of the two basins has caused

much confusion and duplication of effort as early workers sought to

name and correlate units across the arch. Muller and Jeletzky (1970)

have proposed a set of formational names that represent a combination

of lithologically similar and stratigraphically correlative units,
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They are:

Gabriola Formation (sandstone, conglomerate)

Spray Formation (shale)

Geoffrey Formation (sandstone, conglomerate)

Northumberland Formation (shale)

De Courcy Formation (sandstone, conglomerate)

Cedar District Formation (shale)

Extension-Protection Formation (sandstone, shale)

Has lam Formation (shale)

Comox Formation (sandstone, conglomerate)

A maximum and composite thickness for this group is estimated by

Muller and Jeletzky (1970) to be about 13,500 feet. Coal units, of

major economic importance in the past, are found within the Comox

and Extension-Protection Formations. The Douglas, Newcastle, and

Wellington coal seams of the Extension-Protection Formation are the

most prominent,

The upper four formations of the Nanaimo Group are restricted

almost entirely to the Gulf Islands. Exposures of Northumberland

shale occur in Kulleet Bay and from there south to Ladysmith. The

De Courcy sandstone forms much of the coastline from Jack Point

south to Deer Point,
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De Courcy Group

The De Courcy Group is composed of Mudge, Link, De Courcy,

Ruxton, and Pylades Islands and lies to the south of Gabriola Island.

This southeastward-trending island string separates Stuart Channel,

adjacent to Vancouver Island, from Pylades Channel to the east. The

islands are located along the northeast flank of the Trincomali Anti-

cline (Clapp, 1914) that also forms the coastline of Vancouver Island

from Joan Point southward toward Yellow Point.

The De Courcy sandstone is the only unit exposed throughout the

islands. Dips are consistently to the northeast, forming prominent

hogbacks or cuestas.

Thesis Area

Gabriola Island, the northernmost of the Gulf Island group, con-

tains exposures of the upper four sedimentary formations of the

Cretaceous Nanaimo Group. The Gabriola Syncline, named by Clapp

(1914), is the main structural feature on the island. Formations are

exposed along both limbs of this northwest-southeast-trending syncline

(Plate 1). Mudstones and siltstones of the Northumberland Formation

underlie the extensive, topographically low areas at Whalebone Beach

and False Narrows. The steep cliffs of resistant rock, particula ly

along Northumberland channel, are Geoffrey sandstone. Somewhat
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less extensive areas of low relief are formed in the Spray mudstones

and siltstones. The higher points inland, and all of the east and west

ends of the island, are Gabriola sandstone. Much of the interior of the

island is covered with a thick mantle of glacial drift. This drift, along

with heavy vegetation, severely limits inland outcrop exposures, How-

ever, exposures along the shoreline are excellent, with sandstone and

conglomerate outcrops forming much of the perimeter of the island.

Names and formation boundaries have changed through time as

early workers investigated the Nanaimo Basin and attempted to cor-

relate the units with those found to the north in the Comox Basin. A

general stratigraphic column of the formations exposed on Gabriola

Island is presented in Figure 2. The writer has followed the strati-

graphic nomenclature of Muller and Jeletzky (1970). The map of

Plate 1 of this paper differs somewhat in detail from the map produced

by these authors, mainly because of larger scale mapping.

Northumberland Formation

General Stratigraphy. The mudstones and siltstones of the

Northumberland Formation are best exposed along the south side of

Gabriola Island. Exposures in the Whalebone Beach area on the north

side are limited to the wave-cut terrace and low back-beach banks.

The rocks crop out on the limbs of the Gabriola Syncline; the dips on

both limbs range from 10 to 14 degrees.
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The contact with the underlying De Courcy Formation is covered

by water (Clapp, 1914) at False Narrows (Figure 3), between Mudge

and Gabriola Islands. Measured and described sections of the North-

umberland Formation were made at two locations (see Plate 1) along

the south side of the island. Appendix A contains data obtained from

the lower part of the formation. Here a thickness of 720 feet was

measured. Individual beds range in thickness from thinly laminated

(15 to 20 per inch) to 4 inches. Contacts between beds are generally

sharp and planar. However, gradational contacts occur where silty

layers grade up into mudstone over an interval of 1 to 3 inches. Rare

sandstone beds, ranging from 3 inches to 4 feet in thickness, are ex-

posed within the brickyard quarry on the South Road. Both upper and

lower contacts of these beds are sharp and planar.

Clastic dikes (Clapp, 1914) of fine- to coarse-grained sand-

stone; flattened, irregular, non-calcareous, mudstone concretions;

and crushed, fragmentary remains of large (up to 24 inches) ammonite

shells characterize this lower part of the Northumberland Formation.

The sandstone dikes range in thickness from 1/2 inch (dikelets) to

3 feet. Although these occur most commonly as discordant structures,

some parts bend and closely follow bedding planes (Figure 4), mimick-

ing sills. The pierced mudstone layers were not distorted by the

dikes, indicating that these mudstones were well compacted, possibly

partially lithified, prior to injection of the dikes. The mudstone
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Figure 3. False Narrows, separating Gabriola Island (left) from
Mudge Island (right); lowland on Gabriola is underlain
by Northumberland Formation.
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Figure 4. Sandstone dike in Northumberland Formation, False
Narrows.
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concretions are more resistant than the enclosing mudstone beds and

commonly weather out as separate bodies. They are dark reddish

brown (10 R 3/4) and apparently do not contain a core fragment such

as a shell or mudclast. Sizes range from 1 by 2 inches to 4 by 6 in-

ches. The fragmented shells of ammonites are common on both north

and south shores of Gabriola Island (Figure 5). Usher (1952) collected

specimens from these sites but did not identify them. Jeletzky con-

siders them to be in the Suciensis zone of late Campanian age (1970,

p. 28, 38).

A second measured section (Appendix B) was made at exposures

along Northumberland Channel near the B. C. Hydro powerhouse

(Plate 1). Here the upper part of the Northumberland Formation is

exposed. A lack of any distinct marker beds and limited outcrop ex-

posures precluded attempts to correlate the areally separated sections.

Most of this section is mudstone and siltstone, and a few randomly

occurring sandstone beds. Individual beds range from thinly laminated

(15 to 20 per inch) to 3 inches thick. Sandstone units range from 1/2

to 5-1/2 feet thick. Contacts are generally sharp and planar. Where

gradational contacts are present above sand or silt beds, the grada-

tional interval generally occurs over 1 to 3 inches.

A few thin (1 to 3 inches) clastic dikes and isolated, irregular,

flattened, mudstone concretions occur in the lower part of the section

but are not characteristic of the overall exposure. No fossils were
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Figure 5. Fragmentary remains of large ammonite in Northumber-
land Formation, False Narrows. Note pencil for scale,
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found at this site.

The upper contact with the overlying Geoffrey Sandstone is sharp

and planar (Figure 6). Muller and Jeletzky (1970) have indicated

(p. 5) that an "erosional interval" exists between these two formations.

Limited exposures of this contact preclude such a statement for the

rocks on Gabriola Island. However, in considering the striking thick-

ness changes that occur within the Geoffrey from Section 27 along

Northumberland Channel to Section 3 near False Narrows (Plate 1),

the writer agrees that such thinning might indicate an unconformity.

Litho logy. Most of the Northumberland Formation is comprised

of dark gray (N 3) to medium dark gray (N 4) mudstones and siltstones.

Weathered surfaces of the silty beds tend to be slightly lighter in

color. Five mudstone samples were collected from the old brickyard

quarry area and examined by X-ray diffraction methods (Appendix F).

Based on relative peak intensities, two mineral groups, Kaolinite

0 o o
(7. 1 A) and Mica (10. 0 A) were identified. Chlorite (14 A) appears

to be present in two of the samples. The presence of these particular

minerals fits well with the feldspars and micas of the coarser clastic

units, all probably from the same or similar source areas.

Sandstone beds occurring within the Northumberland are most

commonly grayish orange (10 YR 7/4), medium- to coarse-grainod,

and poorly sorted. These non-calcareous units are composed of

angular to subangular grains of quartz, feldspar, biotite, and dark
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Figure 6, Sharp, planar contact of Northumberland Formation with
overlying Geoffrey Sandstone; near B. C. Hydro building
on Gabriola Island.



18

lithic fragments. Most units are indistinctly bedded to massive. No

concretions of any type were observed within these sandstones.

Primary Features. Bedding, within the mustones and silt-

stones, is probably the most important primary feature, Small planar

and festoon cross-laminations were observed in a few siltstone beds.

These were not visible on the weathered surface and were discovered

only when a fragment was broken off to expose a fresh surface. These

features are indicators of current flow direction and a low to moder-

ate energy environment. Bottom markings were not observed on any

bed. At the top of the section (Appendix B) exposed next to the B. C.

Hydro building, the siltstone unit immediately below the contact with

the Geoffrey Sandstone exhibits convolute and contorted bedding.

These features are evidently the result of loading by the massive

sandstone units above. They closely resemble those illustrated by

Potter and Pettijohn (1963), in Paleocurrents and Basin Analysis,

Figure 6, p. 163.

Geomorphic Expression. The Northumberland Formation is a

slope- and valley-former. Thick sequences of non-resistant mud-

stones and siltstones underlie the False Narrows and Whalebone

Beach areas. Steep exposures occur only where protected by over-

lying resistant units such as the Geoffrey Sandstone along Northumber-

land Channel (Plate 1).



19

Geoffrey Sandstone

General Stratigraphy. The Geoffrey Sandstone, containing

many conspicuous channel conglomerates, crops out as steep bluffs

along the north and south sides of Gabriola Island. The sequence

along Northumberland Channel in Section 27 is approximately 525

feet thick. Dips along the south side are 10° to 12°N, and those mea-

sured on the north side of the island are 4° to 15°S. The writer has

followed the work of Muller and Jeletzky (1970, p. 28) in recognizing

this thick sandstone sequence as a separate and distinct formation,

marking the beginning of a new cycle of deposition. Sandstone units

are generally medium- to coarse-grained and indistinctly bedded to

massive. Contacts between units are commonly sharp and planar.

Isolated gradational contacts occur within normally graded sequences,

from coarse-grained to medium- or fine-grained sandstones. The

conglomerate-filled channels range from 2 to 15 feet deep and 20 to

100 feet wide. Lower contacts are sharp and gently undulating.

Upper contacts are sharp and planar. These channels are found in

exposures of Geoffrey Sandstone on all parts of the island and are the

distinguishing feature of the formation. Conglomerates exposed along

Northumberland Channel are in well-defined channels and are made

up of predominantly medium-sized pebbles (8 to 16 mm). However,

in the Lock Bay area, to the north across the island, the conglomeratic
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units are not well defined but appear to be sandy pebble lenses with

fine pebbles (4 to 8 mm) being predominant. These indistinct lenses

are of approximately the same dimensions as those on the south shore-

line but are not as abundant. The decrease in clast size and increase

in sand-size material are indicators not only of increasing distance

from the source area, but also of general current flow directions

(here approximately south to north).

The lower contact with the Northumberland Formation (Figure 6)

has been described in the previous section (p. 16). The upper contact

with the overlying Spray Formation is exposed only in the headland at

the north end of Leboeuf Bay. At this areally restricted outcrop the

contact is sharp and planar. Although there are excellent exposures

of Geoffrey Sandstone on Gabriola, most are inaccessible for detailed

study because of the steep cliffs and lack of shoreline. A short,

described section (Appendix C) was completed along Northumberland

Channel (Plate 1).

The thick sandstones with conglomerate-filled channels, coupled

with the lack of siltstone or mudstone units, indicate a moderate to

high energy environment. The paucity of fossils suggests that the

depositional site was not conducive to plant or animal life preservation.

Possibly then, the Geoffrey represents a deltaic environment. The

distributary channel within a delta front environment as defined by

Coleman and Gagliano (1965, p. 147) has sedimentary features similar
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to those in the Geoffrey sandstone, except for the conglomerate chan-

nels. Muller and Jeletzky (1970, p. 65) have suggested that the

Geoffrey Sandstone represents a "deltaic fan issuing from a stream

onto a coastal plain".

Litho logy. Sandstones of the Geoffrey are commonly grayish

orange (10 YR 7/4) on outcrop and medium bluish gray (5 B 5/1) on a

fresh surface. The sandstones are medium- to coarse-grained arko-

sic wackes (Gilbert, 1954). Hand specimens are indistinguishable

from those of the younger Gabriola Sandstone. Principal constituents

are angular to subangular grains of quartz, feldspar, biotite, and

lithic (mostly mafic volcanic) fragments. Modal analyses of four thin

sections were made. Selected samples were restricted to those from

recent construction (blasting) sites. Six hundred points were counted

on each slide. In order to plot the samples on a three-component

diagram, the micas (biotite and muscovite, plus chlorite) were grouped

with the unstable lithics. Figure 7 shows the samples on a ternary

diagram which is slightly modified from Gilbert (p. 292). Dr. Harold

E. En lows, Oregon State University (pers. comm, ), considers the

name arkosic wacke to include those wackes high in feldspars but with

less than 50% lithic fragments. Matrix material, making up 23% of

the rock, is composed of finely comminuted rock fragments and

mineral grains which average 0.2 mm or less in size. Also included

as matrix are diagenetically altered volcanic rock fragments. In
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Figure 7. Classification of Geoffrey Sandstone (using
Gilbert, 1954).
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places, relic grain outlines were observed. Fibrous material, later

identified by the writer as laumontite, was recognized in several sec-

tions. This zeolite not only occupies some interstitial positions but

also appears to be a direct alteration product of some volcanic frag-

ments. Identification of the zeolite was made by X-ray diffraction

analysis of a selected sandstone sample (see Appendix F for technique).

Stewart and Page (1971) have recognized laumontite assemblages in all

of the coarse-grained formations of the Nanaimo Group. These authors

suggest that zeolite formation was caused by load metamorphism.

This writer, however, agrees with En lows (pers. comm. ) that the

abundant unstable volcanic fragments appear to provide the source for

zeolite generation through diagenetic changes.

Conglomerates are grayish red (5 R 4/2) to grayish brown

(5 YR 3/2) in gross aspect. Clapp (1914) reported that the included

fragments represent virtually all of the crystalline and metamorphic

rocks of Vancouver Island. These rounded clasts range in size from

fine pebbles (4 to 8 mm) to small cobbles (64 to 128 mm), with medium

pebbles (8 to 16 mm) predominant. Three pebble counts, of 100

pebbles each, were made at outcrops of weathered conglomerate. The

histograms in Figure 8 show the number of clasts in each category.

Counts A and B were made from exposures along the access road to

the B. C. Hydro building in Section 11. The third count was made

about 25 feet above sea level in the southwest corner of Section 12.
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1. Chert
2. Sandstone
3. Granitic (granodiorite to diorite)
4. Other igneous (rhyolite, andesite, dacite, basalt, gabbro)
5. Quartzite
6, Foliated metamorphics

Figure 8. Histograms of rock types; pebble counts of conglomerate
channels, Geoffrey Sandstone.
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All three pebble counts were made from random selections of whole

clasts. Identifications were made with the aid of a binocular micro-

scope. The abundance of quartzite and igneous (granitic and other)

pebbles appears to substantiate Clapp's (1914) early reports regarding

source areas.

Primary Features. Indistinct bedding is the most obvious

characteristics of the Geoffrey Sandstone. This lack of well-defined

bedding probably reflects a high energy environment for that part of

the formation. At one location, below the waterfall on the access road

in Section 11, a set of climbing ripples was observed. This feature

measures about 8 inches in height, strikes N. 30°E. , with the down-

current direction being N. 60°W. A fine-grained, 6 inch sandstone

bed, 19 feet above the base of the Geoffrey, contains convolute lamina-

tions similar to those discussed previously in the upper part of the

Northumberland Formation. Isolated flute marks, striking N. 85°W. ,

were found at the base of a 60 foot sandstone cliff, just above the tidal

zone, at the west end of the sandstone plain that extends parallel to the

coastline from the Grande Hotel in Section 30,

Geomorphic Expression. The Geoffrey Sandstone on Gabriola

Island is the dominant cliff-former and is found mainly on the coast-

line. Along Northumberland Channel, this unit forms bluffs over 500

feet high. This resistant unit, with the interbedded conglomerate

channels, also forms the vertical cliffs that rise from water level and
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extend for about 2-1/2 miles west from the Grande Hotel,

Spray Formation

General Stratigraphy. The name of this formation was used by

Usher (1952) to designate the "shales" and sandstones overlying the

Geoffrey Formation in the Comox Basin (p. 29). Muller and Jeletzky

(1970) correlated the "upper shales" (Clapp, 1914; Usher, 1952) of the

Northumberland Formation with the Spray of the Comox Basin and pro-

posed that this name be extended to the "shales" of the Nanaimo Basin

also.

On Gabriola Island, this unit crops out along both limbs of the

Gabriola Syncline (Plate I). It is composed of mudstone and siltstones

with isolated sandstone units. Dips range from 13° to 15°NE in out-

crops along Descanso Bay and from 7 °S to 22°N across the nose of the

Lock Bay Anticline in Lock Bay. Locally steeper dips (up to 52°)

occur in the faulted strata in Leboeuf Bay. A measured and described

section (Appendix D) was completed along the east shore of Descanso

Bay in Section 20. A thickness of 333 feet was recorded. Outcrops in

and north of Leboeuf Bay are of approximately the same thickness.

Individual beds range in thickness from thinly laminated (15 to 20

per inch) to thin-bedded (2 to 4 inches). Contacts between beds are

most commonly sharp and planar. Gradational contacts, where pre-

sent, grade up normally over a 1 to 4 inch interval, usually from
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sandstone upward to siltstone or mudstone.

The contact with the underlying Geoffrey Sandstone was described

previously (p. 20 ). The upper contact with the Gabriola Sandstone is

remarkably sharp and planar (Figure 9). The only good exposure of

this contact is found along Easthom Road about 1200 feet southwest of

the William Coats residence in Section 20. Muller and Jeletzky (1970,

p. 5) indicate that an "erosional interval" occurs between the Spray

and Gabriola formations. Although the exposed contact on Gabriola

Island does not furnish support for such an interval, it seems highly

possible that the Gabriola sandstones occupy broad channels cut into

the Spray Formation. Field observations and mapping along the south

side of the island indicate that the Spray Formation thins to the east.

Although neither upper nor lower contacts are exposed in this area,

the formation appears to be much thinner than at outcrops to the west

in Descanso Bay (see Plate 1). This eastward thinning may be evi-

dence of a disconformity between the Spray Formation and the over-

lying Gabriola Sandstone.

Litho logy. The Spray Formation consists mainly of mudstones

and siltstones. These dark gray (N 3) beds commonly weather in part

to moderate reddish brown (10 R 4/6). X-ray diffraction methods

were utilized to determine the clay minerals present (see Appendix F).
0

Based on peak intensities in six samples, kaolinite (7. 10 A) and smec-

0 0
tite (14. 0 A) minerals were identified. Mica group (10. 0 A) minerals
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Figure 9. Sharp planar contact of Spray Formation with overlying
Gabriola Sandstone; Easthom Road, Descanso Bay.



29

were also determined to be present. The occurrence of these minerals

is essentially a repeat of those found in the Northumberland Formation

and are compatible with the coarser clastics in terms of source area.

A peculiar weathering pattern is well developed in the mudstones

of the Spray. Termed "pseudoconcretions" by this writer, these

ellipsoidal, onion-skin layered forms are found in rows especially in

the upper half of the formation. These forms are non-calcareous,

have no central core fragment, and when struck with a hammer, break

out in peels or spalls similar to exfoliation of igneous rocks.

Egg-shaped, ironstone concretions distinguish the otherwise

monotonous Spray units from those of the Northumberland Formation.

These oval forms average about 1/2 by 1 inch in size and are charac-

teristic of the lower one-half of the Spray. They were found by the

writer in a drainage ditch in the Wildwood Trailer Park, Section 20.

This location is probably not more than 20 feet above the contact with

the underlying Geoffrey Sandstone. Numerous concretions were also

found in Leboeuf Bay and along the shore line northward toward Or le-

bar Point. An outcrop containing many such concretions, in both mud-

stones and siltstones, occurs about 1000 feet north of Leboeuf Bay

(Figure 10). Thin-section examination of one of the concretions re-

vealed silt-size fragments of quartz, feldspar, micas, and accessory

epidote. The framework is partially disrupted, as many grains do not

touch each other. The cementing material is a sulfide and makes up
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Figure 10. Marcasite concretions, Spray Formation, north of
Leboeuf Bay. Note overhang on this wave-cut nip.
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On Hornby Island in the Comox Basin, Usher (1952) and Muller

and Jeletzky (1970) have reported outcrops of conglomerate within the

Gabriola Sandstone. Other than thin pebbly sandstones, no conglomer-

ates are known to occur in outcrops on Gabriola Island. Individual

mudchips and discontinuous stringers (up to 10 feet long) of mudchips

are commonly present in sandstones directly overlying mudstone units.

These rip-ups probably came from the mudstones and indicate a high

energy transport for the sandstones.

Minor intercalated discontinuous coal laminae (1/4 to 1/2 inch)

occur within a mudstone and silt stone sequence in the upper part of the

formation. The presence of such coal stringers suggests that a

swampy or lagoonal environment existed in this area. Several water-

wells in the vicinity of Taylor Bay have a sulfur content great enough

to impart a distinct odor and an unpleasant taste to the water.

Sandstone concretions ranging from 4 inches to 7 feet in diameter

occur in abundance particularly in the upper one-half of the formation.

Two very large concretions are shown in Figure 12. Forms about the

size of cannonballs are most common but are not often found on the

coastline because local residents collect them as curios. Figure 13

shows a cannonball concretion that was split in half by William Coats

(island resident). The core fragment is a calcareous mudclast about

5 inches long. It is not known if cores of this or any other type are

common in the concretions. The honeycomb weathering that is
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Figure 12. Large sandstone concretions, Gabriola Sandstone; south
shore, Pilot Bay. For scale, note hammer on top of con-
cretion in foreground.



Figure 13. Split sandstone concretion, with five inch mudstone
nucleus; at W. H. Coats' residence, Gabriola Island.
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characteristic of many concretions is also present in exposures of

Gabriola Sandstone. Figure 14 shows this pattern, which is common

along the shoreline within the wave and spray zone. In the lower part

of the formation, this distinctive weathering pattern is common to both

concretions and the enclosing sandstone, while restricted to just the

concretions in the upper part of the formation. Although most sand-

stone samples do not react to dilute HC1, a small amount of calcite

cement might be present to account for this preferential weathering

pattern.

Primary Features. Many of the sandstones are massive, and

therefore distinct bedding is not commonly found in much of the forma-

tion. Scour channels, however, are numerous and were observed in

sandstones exposed within the tidal zone on the beach. Rib-and-furrow

surfaces, on weathered exposures, are an indication of festoon trough

cross-bedding within the unit. These features are excellent as uni-

directional current indicators and are discussed in a later section.

Flame structures, the result of load deformation of soft, fine-grained

sediments, are found at several locations. Well-developed flame

structures are exposed in Malaspina (or Galiano) Galleries (Figure 15).

Asymmetrical ripple marks, striking N. 50°W. , were observed in

siltstones at Orlebar Point. Flute casts, also measured at Orlebar

Point, indicate a current direction of N. 10°W. Groove casts found

slightly higher in the section have an average strike of N. 60°W.
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Figure 14. Honeycomb weathering pattern within the wave and spray
zone on shoreline; Gabriola Sandstone, east end of island.
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Figure 15. Flame structures in Gabriola Sandstone, Malaspina
(Galiano) Gallery, Gabriola Island.

Figure 16. Wave-cut bench, Gabriola Sandstone.



42

Geomorphic Expression. The Gabriola Sandstone is a cliff-

former, though not as bold and high as the Geoffrey Sandstone. The

northwest and east coastlines are composed of sandstones of the

Gabriola Sandstone. Weathering and erosion by waves and salt spray

have produced the honeycomb and cavernous patterns characteristic of

these coastlines. Wave action has eroded long wave-cut benches within

the tidal zone (Figure 16) and produced the highly sculptured Malaspina

Galleries (Figure 17). The names painted on this wave-cut nip detract

from its singular form, but do provide one bit of information. Clapp

(1914, p. 68) calculated from differential weathering of the painted and

unpainted surfaces that approximately 2 mm per year were eroded

away. Along the southeast shoreline of Pilot Bay, near the sandy

beach, large sandstone concretions are so numerous that they com-

pletely dominate the beach for about 150 feet. Such a "concretion

patch" is not found elsewhere on the island.

Quaternary Deposits

Glacial drift with locally extensive gravel deposits cover most of

Gabriola Island. Thicknesses of 2 to 20 feet of drift are exposed above

the Northumberland Formation along False Narrows. Clapp (1914,

p. 28) states that Hoggan Lake is dammed by this glacial material.

Swamps and swampy areas are common around the island. These ,Ire

apparently remnants of ancient lakes that were formed either as
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Figure 17. Wave-cut nip, Malaspina (Galiano) Gallery, Gabriola
Island.
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kettles or from glacially excavated depressions in the Cretaceous

units. Most of the swamps contain diatomaceous earth in varying

quantities.
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STRUCTURAL GEOLOGY

Regional Structure

The structure of the Nanaimo area is relatively simple. It is

characterized by broad open folds and northwest-trending normal

faulting. The Cretaceous sedimentary sequence rests unconformably

on rocks of the Sicker and Vancouver Groups and also on an Island

Intrusion (Eastwood, 1965) known as the Nanaimo batholith. The rough

and irregular nature of this unconformable contact indicates that

erosional processes had created considerable relief prior to the

deposition of the Cretaceous units (Muller and Carson, 1969). Although

Clapp (1914) felt that most of the structure was the result of folding,

later workers, notably Sutherland-Brown (1966) and Muller and

Jeletzky (1970), have contended that northwest-striking faults pre-

dominate. The resulting structures are mainly northeastward tilted

fault blocks. Muller and Jeletzky (1970) have also noted that few

well-defined synclines or anticlines are present in the area. The only

major fold near Gabriola Island is the Trincomali Anticline, the axis

of which runs northwesterly through Stuart Channel and Dodd Narrows.

The De Courcy Group of islands form the north and northeast limb of

this structure.
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Thesis Area Structure

The Gabriola Syncline (Plate 1) is the only major fold within the

thesis area. Outcrops along this broad, open, northwest-trending

syncline have dips ranging from 5 to 18 degrees. The axis can be

inferred only, as the island interior is covered with glacial drift, and

outcrops of bedrock are nearly lacking. Attitudes taken at numerous

localities along both south and north coastlines of the island indicate

that the synclinal axis runs approximately through the center of the

island. The west end of the axis is terminated by a fault. The east

end has been offset to the north by faulting, and attitudes taken along

the eastern shoreline suggest that the syncline plunges to the east be-

neath the Strait of Georgia.

A transverse anticline (Clapp, 1914) with a westward plunge,

is located in the vicinity of Lock Bay, and is termed the Lock Bay

Anticline by this writer. Attitudes from limited outcrops in Sections

19, 22, and 23 provide evidence for the westward plunging anticlinal

nose (Plate 1). Within this area the dips swing from southwesterly

to northerly as one traverses Horseshoe Road toward Leboeuf Bay.

Along the bluff in Leboeuf Bay, the crumpled strata of the Spray

Formation exhibit many varied dips, and within a small area, range

from 15 to 55 degrees. Several small faults, including two minor

reverse faults, were observed at the location shown in Figure 18. The
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Figure 18. North-dipping strata, Spray Formation, Leboeuf Bay.
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small thrusts indicate yielding to the north. The Lock Bay Anticline

is not an open structure, but is a rather tight, asymmetrical fold, with

the north limb dipping much more steeply (15 to 55 degrees) than the

south limb (7 to 15 degrees). Several normal faults occur across the

nose of the anticline. Two of these are shown on Plate 2. The south-

westerly plunging nose of the anticline terminates against a fault in

Section 22 (Plate 1).

Four vertical faults of significance occur on Gabriola Island.

Three of these are indicated by offset formations and are recognized

in the field by distinct changes in topography. The up side on each

fault is the block closest the coastline. Two of the faults are normal

to the axis of the Gabriola Syncline, while the third parallels it on the

north side of the island. In effect, then, the interior of the island has

dropped down relative to its coastal sections (Plate 1). The fourth

fault runs almost north-south across the island from the northeast

corner of Degnen Bay to the nook by the Grande Hotel in Section 30.

This fault, recognized by the abrupt change in relief along its trace,

offsets beds within the Gabriola Sandstone. The lowest line of eleva-

tion across the island also occurs along this trace.

A small but well-exposed vertical fault occurs below the water-

fall on the drainage outlet from Hoggan Lake. A shear zone 6 feet

wide is easily recognized. Relative movement is about 8 feet verti-

cally, with the west side down. A 10 inch thick mudstone lens has
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been offset by this fault and provides excellent correlation across the

fault. It is suspected that the deep drainage ditch from Hoggan Lake

was located along this fault shear zone to facilitate excavation.
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CURRENT DIRECTIONAL DATA

Spray Formation

Current transport directions within the Spray Formation were

determined from exposures along Leboeuf Bay (Plate 1). Sixty-seven

channel axis measurements were made from rib-and-furrow struc-

tures, etched on weathered surfaces, which are indicators of festoon

trough cross-bedding within a unit. Most of the channels occur within

the siltstones and fine-grained sandstones shown in Figure 18. A rose

diagram of the plotted measurements (Figure 19 B) shows a north-

westerly current flow in the majority of the channels. The orientation

of isolated groove casts, parting lineations, and soft-sediment slump-

ing (flame structures) also indicate a northwest declining paleoslope.

Gabriola Sandstone

Current directional properties within the Gabriola Sandstone

are indicated primarily by numerous scour channels. These features

appear as rib-and-furrow structures on weathered outcrops and, as

noted in the Spray Formation, they are indicators of festoon trough

cross-bedding within the units. Measurements of these channels were

obtained along the length of the measured section of this formatior

(Appendix E). Figure 19 A is a rose diagram of 157 channel axis

measurements and shows the majority of current flow directions to be
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A. Gabriola Sandstone

B. Spray Formation

Figure 19. Current rose diagrams; channel axis measurements
of rib-and-furrow structures.
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within the northwest quadrant. Soft sediment slumping, such as the

flame structure in Figure 15 and isolated occurrences of bi-directional

groove casts support a northwest descending paleoslope.

Postulated Source Areas

Data presented in Figure 19 suggest a southerly or southeasterly

source area. However, additional current direction data from locali-

ties south and east of Gabriola Island is necessary for stronger sup-

port of the source area. The pre-Cretaceous igneous and metamor-

phic units of Vancouver Island are most likely the source rocks.

Pebble count data shown in Figure 8 indicate that these rock types are

well represented within exposures of the Geoffrey Sandstone on the

island.

A northerly declining paleoslope has been postulated for the De

Courcy Sandstone, on the basis of soft sediment slumping within the

formation (Muller and Jeletzky, 1970, p. 26). Similarly, based on

measured directions of various current flow indicators found in the

Spray and Gabriola Formations, a northerly declining paleoslope is

postulated by the writer for these younger units also. Again, Muller

and Jeletzky (1970, p. 67) suggest that the probable coastline lies to

the south. Source areas, then, were located on south Vancouver

Island, and contributed clastic material to northerly directed stream

systems.
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ECONOMIG GEOLOGY

Coal

Economic quantities of coal are not known on Gabriola Island,

Nearby Newcastle Island was the site of much mining activity in the

early 1900's and underground workings extended out toward Gabriola,

These workable coal seams are restricted to Cretaceous formations

lower in the sequence than those exposed in the thesis area.

Clay Products

A clay products industry, manufacturing mainly bricks, was in

operation on Gabriola Island from 1911 to about 1952 (B. C. Dept. of

Mines, 1952). The site of this operation was at the west end of False

Narrows, on the south side of Gabriola Island. A brick dump on the

shoreline at the extreme eastern edge of Percy Anchorage is all that

remains today. The measured section described in Appendix A was

obtained at this site (Plate 1). Although Clapp (1914, p. 122) reported

the quarry to be in the "Lower shale of the Northumberland Forma-

tion, " this mudstone sequence alone is now recognized as the North-

umberland Formation (see Figure 2).
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Millstones

Millstones (also called pulpstones and grindstones) were quar-

ried from the Gabriola Sandstone for use in pulpmills. This operation

started in 1933 when McDonald Cut-stone Operators moved from New-

castle Island (B. C. Dept. of Mines, 1935). The quarry was located

east of Easthom Road, immediately south of the William Coats resi-

dence. A few millstones remain in the abandoned quarry. Test holes

for part of this operation can be seen in a sandstone plain south of the

main road about one-half the way up the hill from the ferry landing to

the Gabriola Island Post Office. Production of the millstones contin-

ued until 1938 (William Coats, pers. comm. ).

Building Stone

During the early 1900's a sandstone quarry was operated for a

short period of time on Gabriola Island. Cut blocks of Gabriola Sand-

stone were shipped to Victoria and used in the construction of the main

Post Office and several other buildings (B.C. Dept. of Mines, 1904).

This quarry was located along Easthom Road, immediately south of

the millstone quarry. Contrary to information obtained from island

residents, the cut blocks of sandstone used in construction of the old

mint in San Francisco, California, were not taken from the Gabriola

Island quarry but from a quarry in the Extension-Protection Formation
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on Newcastle Island by these same operators, prior to 1900.

Diatomaceous Earth

Prior to World War II, small quantities of diatomaceous earth

were excavated from the larger swamps on Gabriola Island. This ma-

terial was dried and processed for use primarily as a cosmetic base.

The industry, carried on by members of the Rowan family, ceased in

the early 1940's. Diatomaceous earth is present in many of the

swamps on the island.
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GEOLOGIC HISTORY

Late Cretaceous sedimentary units of the Nanaimo Group were

deposited on a rough and irregular terrain of late Paleozoic and early

Mesozoic rocks. MacKenzie (1922, p. 385) reported the existence of

at least 440 feet of relief at the base of the Comox Formation (basal

Cretaceous unit). Prior to this time, the eastern lowlands of Van-

couver Island underwent a long period of intense weathering and

erosion.

Formations within the Nanaimo Group exhibit a definite cyclical

nature which has prompted Muller and Jeletzky (1970, p. 6) to propose

five two-phase cycles, each consisting of a basal fluvial and deltaic/

lagoonal phase and an upper marine transgressive phase. The basal

phases commonly contain conglomerate channels, indicating that tec-

tonic activity within the provenance occurred as sharp pulses. The

thick and areally extensive Sicker and Vancouver Group rocks of

Vancouver Island are probably the sources for the Late Cretaceous

sediments of the Nanaimo Basin. All of the mineral detritus identified

could have been derived from acid plutonic rock, mafic extensive rock,

phyllite, schist, chert, quartzite, sandstone, and limestone that are

present in the nearby ranges of Vancouver Island.

Channel axis measurements of festoon trough cross-bedding,

sole marks, and parting lineations support a current transport
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direction of north to northwest. Soft-sediment slumping and flame

structures indicate a northerly to northwesterly declining paleoslope.

Muller and Jeletzky (1970, p. 26) have noted slump features within the

underlying De Courcy Sandstone that also supports a northerly declin-

ing paleoslope.

The paleoenvironments of the Northumberland and Spray Forma-

tions are similar. The small grain size and indistinctly laminated

character of the beds indicate that weak currents existed and that

deposition took place slowly, below wave base. The randomly located,

massive sandstone beds are probably sheet or channel sands deposited

by basinward flowing turbidity currents. The marine fauna, though

not extensive within the thesis area, suggests open marine conditions.

Apparently the source areas were stable and contributed little coarse

clastic debris during these periods of marine transgrassion.

The thick and commonly massive units of the Geoffrey and

Gabriola Sandstones indicate paleoenvironments that were very differ-

ent from that of the intervening marine mudstones. Coarse grain

sizes of the sandstones, and pebble and cobble size clasts of the

Geoffrey conglomerate channels, indicate that episodic pulses of up-

lift occurred, supplying quantities of gravel to the stream systems.

Concurrent basin subsidence did not keep pace with the uplift and large

river deltas built out into the Cretaceous seas (Buckham, 1947).

Across these deltas, the bedloads of gravel were deposited, forming
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the conglomerate channels now seen in the Geoffrey Sandstone. Muller

and Jeletzky (1970, p. 63) have noted that three major deltas could

have existed along the east coast of Vancouver Island. Gabriola Island

is an area in which such a deltaic fan might have formed. A frequently

meandering fluvial channel would account for the lateral distribution

of conglomerates with the intertonguing sandstones. The lack of well-

defined channels along the north shore of Gabriola Island, particularly

in the Lock Bay-Leboeuf Bay area, probably indicates a close proxim-

ity to the channel mouth. The thickness changes along strike of the

Geoffrey, from west to east across the island, support lateral shifting

of the channels.

The mineralogic and textural compositions of the sandstones

indicate a short transport history, little reworking by currents or wave

action , and rapid burial, probably on the slope of a rapidly prograding

delta (Buckham, 1947). A paucity of marine fossils is to be expected

in such a depositional environment. Indeed, previous workers who

have found rare and fragmentary fossils, consider them to have been

washed in.

The Gabriola Sandstone contains no exposures of conglomerates

on Gabriola Island. Lower relief within the source area and diminish-

ing tectonic activity are the most likely explanations for the lack o'

clastics larger than sand size. It is postulated that the deltaic wedge

continued to build and prograde seaward. The mineralogical and
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textural characteristics are practically the same as the Geoffrey,

therefore it is assumed that here too, burial was rapid. Marine

fossils are nearly lacking in this formation.

The formations exposed in the thesis area appear at a glance to

be merely a repetition of early cycles of deposition. The writer feels,

however, that subtle differences exist that point to permanently chang-

ing tectonic conditions and land-sea relationships. First, two differ-

ences exist between the Northumberland and Spray Formations. The

former is significantly thicker (720 ft. ) and contains an abundant and

varied fauna (Usher, 1952). The thinner Spray Formation (333 ft. )

probably indicates that tectonic activity, with concomitant delta build-

ing, resumed much sooner than it had in Northumberland time. The

Spray contains abundant marcasite concretions that are strong evi-

dence for a reducing environment, caused most likely by restricted

access to open marine circulation. The marine fauna is also less

abundant. These two differences are taken to indicate that by the

close of Spray time, the Late Cretaceous seas were retreating as a

response to diminishing basin subsidence, and resultant sediment

infilling.

Secondly, as noted above, the Gabriola delta system received

practically no gravels. This change to a small clast size (from gravel

to sand) must have been a response to diminishing tectonic activity

within parts of the coastal ranges of Vancouver Island. Muller and
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Jeletzky (1970, p. 67) have postulated that a shoreline probably existed

in the area of the San Juan Islands. The Chuckanut Formation of

northwest Washington is apparently a transitional unit between the

Nanaimo strata and the continental units to the southeast (Bradley,

1950). As such, it is probably in part a lateral correlative of the

Gabriola (Miller and Misch, 1963, p. 170) and due to its lithologic and

textural similarities may indicate that tectonic activity had shifted

closer to the mainland.

While further work is needed throughout the Gulf Islands and

southeast into the San Juan Islands, it is postulated that the Spray

Formation marks the end of episodic basinal downwarping within the

Georgia Seaway, and that the Gabriola Sandstone marks the close of

Cretaceous tectonic activity within the southern coastal ranges of

Vancouver Island,
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Appendix A. Measured section, Northumberland Formation (lower
section).

Interval (feet) Description

Terminal point: about 450 ft. north of abandoned brick yard, north
side of South Rd. in C NE1/4 NW1/4 NW1/4 NE1/4, Sec, 28,
Gabriola Island. Contact with overlying Geoffrey Sandstone
covered by slope debris and heavy vegetation.

720-475

475-460

Covered, vegetation and glacial drift. Float on
slope is pebbly sandstone and conglomerate.

Mudstone, olive gray (5 Y 5/2), non-calcareous;
laminated (1/8 to 1/2 inch); contains isolated,
irregular flattened, mildly calcareous mudstone
concretions, up to 3 by 12 inches in size, weathered
color moderate brown (5 YR 4/4).

Contact sharp, planar.

460-456 Sandstone, yellowish gray (5 Y 7/2), coarse-grained,
subangular to subrounded, good sorting, non-cal-
careous, quartz, feldspar, biotite, lithic fragments;
minor isolated lenses of mudclasts. Lower surface
contains isolated load casts.

456-450

Contact sharp, undulating.

Mudstone, olive gray (5 Y 5/2), non-calcareous;
laminated (1/4 to 1/2 inch), weathers out as blocky
fragments 1/2 to 3 inches. Unit cut by near-horizon-
tal, medium-grained, sandstone dike, 4 inches thick.

450-425 Covered, slope debris, probably mudstone.

425-420 Mudstone, medium dark gray (N 4), non-calcareous;
laminated (1/4 to 1/2 inch); numerous small (1/4 to
1 inch) mudstone concretions. Minor intercalated,
fine-grained, calcareous sandstone beds (1 to 2
inches thick); these are laminated (5 to 7 per inch),
dark gray (N 3). One 6 inch, sinuous, medium-
grained sandstone dike cuts unit.

Contact sharp, planar.
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Appendix A. (cont. ) Measured section, Northumberland Formation
(lower section).

Interval (feet) Description

420-411

411-409

Mudstone, medium dark gray (N 4), non-calcareous;
laminated (1/8 to 1/2 inch); isolated oval to round
mudstone concretions 1 to 3 inches in diameter. Unit
cut by sinuous, medium-grained, sandstone dike,
2 inches thick.

Contact sharp, planar.

Mudstone, dark gray (N 3), non-calcareous;
laminated (1/4 to 1/2 inch); numerous small (1/2
inch) round mudstone concretions.

Contact sharp, planar.

409-404 Mudstone, dark gray (N 3), non-calcareous,
laminated (1/4 to 1/2 inch), breaks out as chips 1/4
by 1/2 inch. Minor intercalated calcareous silty
layers up to 1/2 inch thick.

404-395 Covered, slope debris.

395-392 Mudstone, grayish black (N 2) fresh, dark gray (N 3)
weathered, non-calcareous; laminated (7 to 10 per
inch).

392-391

Contact sharp, planar.

Sandstone, medium gray (N 5) fresh, dark gray (N 3)
weathered, fine-grained, subangular to subrounded,
well sorted, mildly calcareous; quartz, feldspar,
biotite, lithic fragments. Contains minor inter-
calated mudstone layers 1/4 to 1/2 inch thick.

Contact sharp, planar.

391-388 Mudstone, grayish black, (N 2) fresh, dark gray (N 3)
weathered, non-calcareous; laminated (5 to 10 per
inch), weathers to elongate; rectangular chips up to
1/2 by 2 inches. Contains isolated 6 to 10 inch
lenticular non-calcareous mudstone concretions.
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Appendix A. (cont. ) Measured section, Northumberland Formation
(lower section).

Interval (feet) Description

388-383 Covered, talus slope, probably mudstone.

383-368 Mudstone, medium dark gray (N 4) fresh, medium
light gray (N 6) weathered, non-calcareous; laminated
(1/4 to 1/2 inch), breaks out in chips (1/4 by 1/2 inch).
Contains abundant mudstone concretions up to 3 inches
in diameter, non-calcareous, medium dark gray (N 4)
fresh, moderate reddish brown (10 R 4/6) weathered.
Unit cut by numerous small (1/8 to 3/8) dikqets of
very fine-grained sandstone.

Contact sharp, planar.

368-367 Sandstone, light gray (N 7) fresh, medium gray (N 5)
weathered; very fine-grained, subangular to sub-
rounded, good sorting, non-calcareous; quartz, feld-
spar, biotite, lithic fragments; laminated (1/4 to 1/2
inch), weathers to angular fragments (1/4 by 1/2 inch).

367-361

Contact sharp, planar.

Mudstone, medium dark gray (N 4), laminated (1/4 to
1/2 inch), weathers to chips (1/4 to 1/2 inch). Cal-
careous; no shell fragments; some beds show ball and
pillow type structure, no distinct concretions.

Contact sharp, gently undulating.

361-360 Sandstone, light gray (N 7) fresh, medium gray (N 5)
weathered; medium-grained, subangular to sub-
rounded, good sorting, calcareous; quartz, feldspar,
high in biotite, lithic fragments; massive to indistinctly
bedded.

360-340

340-230

Covered, talus slope at outer edge of brickyard
quarry area.

Covered, field, road, old brickyard area. Probably
mudstone, erosion gullies expose varying thicknesses
(2 to 20 feet) of glacial drift.
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Appendix A. (cont. ) Measured section, Northumberland Formation
(lower se ction).

Interval (feet) Des cription

230-81 Mudstone, medium dark gray (N 4), laminated (2 to
7 per inch), weathers out in chips (1/4 by 1/2 inch);
a few worm borings; small irregular to oval cal-
careous mudstone concretions. Several sinuous
medium-grained sandstone dikes cut across strata,
average 4 to 10 inches thick.

Contact gradational over 6 inches.

81-79 Sandstone, yellowish gray (5 Y 8/1) to pale yellowish
brown (10 YR 6/2). Medium- to coarse-grained, sub-
angular to subrounded, good sorting, non-calcareous;
quartz, feldspar, biotite, lithic fragments; isolated
mudclasts (up to 2 by 10 inches) found in upper 6
inches of unit.

Contact sharp, planar

79-77 Siltstone, olive gray (5 Y 4/1) fresh, light olive brown
(5 Y 5/6) weathered, laminated (1/4 to 1/2 inch),
weathers out in chips up to 1-1/2 by 3 inches. Isolated
small worm borings on tops of beds.

Contact sharp, planar.

77-65 Mudstone, medium dark gray (N 4), laminated (1/4 to
1/2 inch); contains flattened, irregular, calcareous
mudstone concretions, dark gray (N 3) fresh, moder-
ate reddish brown (10 R 4/6) weathered.

Contact sharp, planar.

65-39 Mudstone, medium dark gray (N 4), laminated (2 to
10 per inch), weathers out as chips 1/4 by 1/2 inch;
no concretions.

Contact sharp, planar.
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Appendix A. (cont. ) Measured section, Northumberland Formation
(lower section).

Interval (feet) Description

39-37 Mudstone, medium dark gray (N 4), laminated (1/4 to
1/2 inch); no concretions.

Contact sharp, planar.

37-30 Silty mudstone, medium dark gray (N 4), laminated
(2 to 10 per inch), weathers out as chips 1/4 by 1/2
inch. Thicker units (approximately 1/2 inch) slightly
more resistant to weathering, form small ribs.
Contacts between silty units are gradational into thin
(1/2 to 1 inch) mudstone units. No fossils observed.
Flattened, irregular to elongate, calcareous mud-
stone concretions common, dark gray (N 3) fresh,
moderate reddish brown (10 R 4/6) weathered.

Contact sharp, planar.

30-0 Siltstone, dark gray (N 3), thinly laminated (20-25
per inch); beds 6 to 12 inches thick with intercalated
laminated mudstones (1/4 to 1/2 inch), beds 1 to 6
inches thick. At low tide, the beach is a shelf of
mudstone with more resistant units forming low (1 to
2 foot) ridges or ribs.

Initial point: about 600 ft. south of old brick dump on South Rd. in
tidal zone, west end of False Narrows, in SE1/4 SE1/4 NE1/4
NW1/4 Sec. 28, Gabriola Island.
Contact with underlying De Courcy Formation covered, measure-
ment begun at water level (1.0 ft. low tide). Attitude: N. 65 W. ,
14 N.
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Appendix B. Measured section, Northumberland Formation (upper
section).

Interval (feet) Description

Terminal point: about 150 ft. southeast of small waterfall on
access road to B. C. Hydro powerhouse, south of Hoggan Lake,
in NW1/4 SE1/4 NW1/4 SE1/4, Sec. 11, Gabriola Island. Contact
with overlying Geoffrey Sandstone, sharp, planar.
Attitude: N. 70 W. , 14 N.

97-94.5

94.5-94

Siltstone, very light gray (N 8), thinly laminated (10
to 15 per inch) to laminated (1/4 to 1/2 inch), con-
volute laminations common.

Contact gradational over 1 inch.

Sandstone, very light gray (N 8) to grayish orange
(10 YR 7/4), medium-grained, angular to subangular,
good sorting, non-calcareous; quartz, feldspar, bio-
tite, lithic fragments, massive.

Contact sharp, planar.

94-88 Mudstone, light olive gray (5 Y 6/1), laminated (1/8
to 1/2 inch), non-calcareous, weathers to chips 1/4
by 1/2 inches.

88-86.5

86.5-84

Contact gradational over 3 inches.

Sandstone, yellowish gray (5 Y 8/1), coarse-grained,
angular to subangular, poorly sorted, non-calcareous;
quartz, feldspar, biotite, lithic fragments. Indistinct-
ly bedded to massive.

Contact sharp, planar.

Mudstone, light olive gray (5 Y 6/1), laminated to
thin-bedded (1/4 to 1 inch), weathers to chips 1/2 by
1 inches.

Contact gradational over 1 inch.



71

Appendix B. (cont. ) Measured section, Northumberland Formation
(upper section).

Interval (feet) Des cription

84-82.5

81.

Upper 4 inches is sandstone, grayish orange (10 YR
7/4), medium-grained, subangular to subrounded,
poorly sorted, quartz, feldspar, biotite, lithic frag-
ments. Indistinctly bedded. Contact sharp, planar.
Remainder: Siltstone, very light gray (N 8) to pale
yellowish orange (10 YR 8/6), laminated (2 to 10 per
inch), weathers to angular fragments 1/2 by 1 inch.

Contact gradational over 2 inches.

Mudstone, light olive gray (5 Y 6/1), laminated (1/4
to 1/2 inch), weathers to chips 1/4 by 1/2 inch.

Contact sharp, planar.

80-78 Sandstone, grayish orange (10 YR 7/4), coarse-
grained, angular to subangular, poorly sorted, non-
calcareous; quartz, feldspar, biotite, muscovite,
lithic fragments; indistinctly bedded to massive.

78-76.5

76.5-76

Contact sharp, planar.

Mudstone, light gray (N 7), laminated (1/8 to 1/2
inch), non-calcareous, weathers to chips 1/8 by 1/4
inch.

Contact sharp, planar.

Sandstone, grayish orange (10 YR 7/4), coarse -
grained, angular to subangular, poorly sorted, non-
calcareous; quartz, feldspar, biotite, lithic fragments;
indistinctly bedded.

Contact sharp, planar.

76-74.5 Siltstone, light gray (N 7), laminated (2 to 12 per
inch), non-calcareous, weathers to chips 1/4 by 1/2
inch.

Contact sharp, planar.
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Appendix B. (cont. ) Measured section, Northumberland Formation
(upper se ction).

Interval (feet) Description

74.5-70

70-64.5

64.5-60

60-49.5

49.5-30

Upper 4 inches is sandstone, grayish orange (10 YR
7/4), coarse-grained, angular to subangular, poorly
sorted, non-calcareous; quartz, feldspar, biotite,
lithic fragments; indistinctly bedded.
Contact sharp, planar.
Remainder: Siltstone, light gray (N 7), thinly lamin-
ated (15 to 20 per inch) to laminated or thin-bedded
(1/4 to 1 inch), weathers to chips 1/8 by 1/2 inch,
contains isolated small (1/2 by 1 inch) oval mudstone
concretions. Lower 6 inches contains minor flecks of
carbonaceous debris.

Contact gradational over 3 inches.

Sandstone, grayish orange (10 YR 7/4), coarse-
grained, subangular to subrounded, poorly sorted,
non-calcareous; quartz, feldspar, biotite, muscovite,
lithic fragments; indistinctly bedded to massive.
Lower 6 inches contains isolated siltstone clasts up to
2 by 6 inches.

Contact sharp, gently undulating.

Siltstone, olive gray (5 Y 4/1) fresh, to moderate
reddish brown (10 R 4/6) weathered; non-calcareous,
laminated (1/4 to 1/2 inch); contains minor amounts of
carbonaceous (woody?) debris.

Contact sharp, planar.

Siltstone, very light gray (N 8), non-calcareous, thinly
laminated (15 to 20 per inch), weathers to chips 1/4
by 1/2 inch.

Contact sharp, planar.

Siltstone, moderate yellowish brown (10 YR 5/4) to
dusky brown (5 YR 2/2), non-calcareous, laminated
to thin-bedded (1/4 to 2 inches), weathers to concen-
tric shell-like spalls and chips 1/4 by 1/2 inch.



73

Appendix B. (cont. ) Measured section, Northumberland Formation
(upper section).

Interval (feet) Description

Isolated mudstone concretions range in size from 1
inch to 1 foot in diameter. Unit cut by several sinuous
medium-grained sandstone dikes that in places closely
follow bedding planes.

30-0 Covered, landfill and slope debris.

Initial point: about 150 ft. east of B. C. Hydro powerhouse, at base
of steep slope in NW1/4 SE1/4 NW1/4 SE1/4, Sec. 11, Gabriola
Island.
Measurement begun at top of road-fill covered area.
Attitude: N. 72 W. , 10 N.
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Appendix C. Measured section, Geoffrey Sandstone.

Interval (feet) Description

Terminal point: about 100 ft, east of bridge over dam south of
Hoggan Lake, exposed conglomerate on bluff top in NW1/4 SE1/4
NW1/4 SE1/4, Sec. 11, Gabriola Island.

150-32 Sandstone with conglomerate channels, cliff-former.
Sandstone, pale grayish orange (10 YR 7/4), coarse-
grained, angular to subangular, poorly sorted; quartz;
feldspar, biotite, lithic fragments; massive.
Conglomerate, grayish red (5 R 4/2) to grayish brown
(5 YR 3/2) in gross aspect; no bedding observed; fine
pebbles to small cobbles, medium pebbles predomin-
ant; grain-supported; rounded to subrounded quartzite,
with subordinate chert, granite diorite, and basalt;
sandstone matrix; medium- to very coarse-grained,
coarse predominant, poorly sorted; angular to sub-
angular quartz, feldspar, lithic fragments. Channels
range in size up to approximately 15 feet deep and 100
feet long.

Contact sharp, undulating.

32-31 Sandstone, grayish orange (10 YR 7/4), fine-grained,
subangular to subrounded, good sorting, non-cal-
careous; quartz, feldspar, biotite, lithic fragments;
laminated (10 to 15 per inch), climbing ripples (unit
is 6 inches high).

31-19: 5

19.5-19

Contact sharp, planar.

Sandstone, very light gray (N 8), coarse-grained,
angular to subangular, poorly sorted, non-calcareous;
quartz, feldspar, biotite, lithic fragments; upper 18
inches laminated (1/4 to 1/2 inch), remainder massive
to indistinctly bedded,

Contact sharp, undulating.

Sandstone, grayish orange (10 YR 7/4), fine-grained,
subangular to subrounded, good sorting, non-cal-
careous; quartz, feldspar, biotite, feldspar, lithic
fragments; thinly laminated (15 to 20 per inch), con-
volute laminations common.
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Appendix C. (cont. ) Measured section, Geoffrey Sandstone.

Interval (feet) Description

Contact gradational over 1 inch.

19-15 Sandstone, pale grayish orange (10 YR 7/4), coarse-
to very coarse-grained, angular to subangular, poorly
sorted, non-calcareous; quartz, feldspar, biotite,
lithic fragments; massive to very indistinctly bedded.

15-11.5

11, 5-0

Contact sharp, undulating.

Sandstone, light brown (5 YR 5/6), fine-grained, sub-
angular to subrounded, well-sorted, non-calcareous;
quartz, feldspar, biotite, lithic fragments; thinly
laminated (15 to 20 per inch).

Contact gradational over 3 inches.

Sandstone, light brown (5 YR 5/6), coarse-grained,
angular to subangular, poorly sorted, non-calcareous;
quartz, feldspar, biotite, lithic fragments; massive.

Contact sharp, planar to gently undulating.

Initial point: about 150 ft. southeast of small waterfall on access
road to B. C. Hydro powerhouse, south of Hoggan Lake, in NW1/4
SE1/4 NW1/4 SE1/4, Sec. 11, Gabriola Island.
Contact with underlying Northumberland Fm. sharp, planar.
Attitude: N. 70 W. , 14 N.
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Appendix D. Measured section, Spray Formation.

Interval (feet) Description

Terminal point: about 1200 ft. southwest of Wm. Coats residence
on Easthom Rd. , Descanso Bay area, in NE1/4 SE1/4 NW1/4
SW1/4, Sec. 20, Gabriola Island. Contact with overlying Gabriola
Sandstone is remarkably sharp, planar. Attitude: N. 55 W. , 15 N.

333-328 Mudstone, medium dark gray (N 4), in part weathers
to moderate reddish brown (10 R 4/6), abundant
pseudoconcretions (concentric weathering mudstone
concretions, lithologically similar to surrounding
unit), 2 to 12 inch diameters.

Contact sharp, planar.

328-327. 5 Mudstone, medium dark gray (N 4), weathers out in
chips 1/4 by 1/2 inch, no concretions.

Contact sharp, planar.

327. 5-32.7 Siltstone, medium dark gray (N 4), laminated (5 to 7
per inch).

Contact sharp, planar.

327-321. 5 Mudstone, medium dark gray (N 4), in part weathers
to moderate reddish brown (10 R 4/6), pseudoconcre-
tions in layers, 2 to 6 inches thick.

321. 5-31-3

Contact sharp, planar.

Mudstone and siltstone sequence.
Mudstone, medium dark gray (N 4), in part weathers
to moderate reddish brown (10 R 4/6), breaks out as
chips 1/4 by 1/2 inches.
Siltstone, medium dark gray (N 4), laminated (5 to 7
per inch)
Sequence: 5 in. siltstone, cross-bedded

Contact gradational
13 in, mudstone
Contact gradational
3 in. siltstone
Contact gradational



77
Appendix D. (cont. ) Measured section, Spray Formation.
Interval (feet) Description

313-311. 5

311. 5-308

21 in. mudstone
Contact gradational
2 in. siltstone
Contact gradational
58 in. mudstone

Contact sharp, planar.

Sandstone, dusky brown (5 YR 2/2) weathered,
medium-grained, angular to subangular, poorly
sorted, non-calcareous; quartz, feldspar, abundant
biotite, lithic fragments; massive.

Contact sharp, planar.

Mudstone, medium dark gray (N 4), weathers to
moderate reddish brown (10 R 4/6); breaks out as
chips 1/4 by 1/2 inches; numerous small (1/2 to
1 inch) pseudoconcretions.

Contact sharp, planar.

308-302 Upper 4 inches, sandstone, light gray (N 7) fresh,
weathers brownish gray (5 YR 4/1); fine-grained,
well sorted, non-calcareous, laminated (5 to 7 per
inch).
Remainder: mudstone, medium dark gray (N 4), beds
1/2 to 2 inches thick, weathers out as small chips 1/4
by 1/2 inches, numerous small (1/2 to 1 inch) pseudo-
concretions. Beds cut by sinuous, coarse-grained
sandstone dike, 5 inches thick,

Contact sharp, planar.

302-287 Top 2 inches, sandstone, light gray (N 7) fresh,
weathers brownish gray (5 YR 4/1), coarse-grained,
angular to subangular, poorly sorted, calcareous
cement, quartz, feldspar, biotite, lithic fragments.
Contact sharp, planar.
Remainder: mudstone, dark gray (N 3) weathers in
part to moderate reddish brown, (10 R 4/6), breaks
out in chips or blocky fragments 1/2 by 1 inch, few
pseudoconcretions.
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Appendix D. (cont.) Measured section, Spray Formation.
Interval (feet) Description

287-254 Covered, slope debris, probably mudstone.

254-238 Mudstone, dark gray (N 3), weathers in part to
moderate reddish brown, (10 R 4/6), breaks out in
chips or blocky fragments 1/2 by 1 inch, few concen-
tric weathering pseudoconcretions.

238-227. 5 Covered, slope debris, probably mudstone.

227. 5-214 Mudstone, dark gray (N 3) weathers in part to
moderate reddish brown (10 R 4/6), with pseudocon-
cretions 1 to 18 inches in diameter. Contains many
thin (1/8 to 1/4 inch) layers of carbonaceous debris,
non-calcareous. Upper 2 feet contains 2 silty layers
each 3 inches thick, laminated (5 to 7 per inch), at
12 inch intervals.

214-213

213-212.5

Contact gradational.

Upper 4 inches is clay, moderate yellowish brown
(10 YR 5/4), weathers pale yellowish orange (10 YR
8/6) to dark yellowish orange (10 YR 6/6) near top;
breaks out in thin mica-like flakes, contains weathered
granules of feldspar.
Contact sharp, planar.
Lower 8 inches is mudstone, dark gray (N 3) weathers
to moderate reddish brown (10 R 4/6), pseudocon-
cretions up to 10 inches in diameter.

Contact gradational.

Sandstone, medium light gray (N 5), laminated (7 to
10 per inch), fine-grained, subangular to subrounded,
well sorted, calcareous, no shell fragments. Upper
3 inches contain small-scale cross laminations,

Contact sharp, planar.

212.5-210.5 Mudstone, dark gray (N 3) weathers to moderate
reddish brown (10 R 4/6), breaks out as pseudocon-
cretions 1 to 10 inches in diameter.

Contact gradational.
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Appendix D. (cont. ) Measured section, Spray Formation.
Interval (feet) Description

210.5=210' Siltstone, medium dark gray (N 4), massive, cal-
careous, numerous unidentified shell fragments 1/8
to 1/4 inch long.

210-201.5

Contact sharp, gently undulating.

Mudstone, dark gray (N 3), outer surface weathers to
distinct moderate reddish brown (10 R 4/6), breaks
out as pseudoconcretions 1 to 10 inches in diameter.

Contact sharp, planar.

201.5-200.5 Sandstone, light gray (N 7) weathers grayish brown
(5 YR 3/2), fine-grained, subangular to subrounded,
well sorted, non-calcareous, thinly laminated (10 to
15 per inch).

Contact sharp, planar

200.5-189.5 Mudstone, dark gray (N 3), weathers out in chips 1/4
by 1/2 inch and blocky fragments 1/2 by 1-1/2 inches,
non-calcareous, pseudoconcretions with 1 to 3 inch
diameters.

189.-5-184

Contact gradational.

Upper 6 inches is sandstone, light gray (N 7), wea-
thers brownish gray (5 YR 4/1); fine-grained, sub-
angular to rounded, well sorted, calcareous, abundant
small (1/8 by 1/ 4 inch) shell fragments; laminated (5
to 7 per inch).
Contact gradational.
Remainder: mudstone, dark gray (N 3) to moderate
reddish brown, (10 R 4/6), bedded, 2 to 4 inches
thick, w th concentric, concretionary pattern, parts
weather out as chips 1/4 by 1/2 inch.

Contact gradational.

184 -182. 5 Mudstone, light olive gray (5 Y 6/1), in beds 2 to 4
inches thick, with concentric, concretionary pattern,
abundant calcareous shell (?) debris, laterally forms
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Appendix D. (cont. ) Measured section, Spray Formation.
Interval (feet) Description

a more distinct unit of same thickness, but with con-
cretions missing.

Contact gradational.

182.5-168.5 Mudstone, dark gray (N 3) with parts weathered to
moderate reddish brown (10 R 4/6), in beds 2 to 4
inches thick with concentric concretionary pattern,
in places breaks out as chips 1/4 by 1/2 inch, At
2-1/2 feet from base is 2 inch siltstone, laminated
(5 to 7 per inch).

168,5-168

168-157

157-144

144-141

141-128

128-121

Contact gradational.

Silty fine-grained sandstone, grayish brown (5 YR
3/2), severely weathered but appears to be laminated,
approximately 8 to 10 per inch.

Contact sharp, planar.

Mudstone, dark gray (N 3) with parts weathered to
moderate reddish brown (10 R 4/6). Weathers out in
concentric, concretionary patterns, shapes are ir-
regular to rounded, 3 to 12 inches in diameter, no
shell fragments in centers, non-calcareous.

Covered, slope debris, probably mudstone.

Mudstone, dark gray (N 3) with parts weathered to
moderate reddish brown (10 R 4/6). Weathers out in
beds 2 to 4 inches thick, with elongate, concentric
weathering pattern.

Covered, slope debris, probably mudstone.

Mudstone, dark gray (N 3), laminated to thin-bedded
(1/4 to 1 inch), weathers out as chips 1/8 by 1/4
inches. Two feet from bottom is sandstone, 4 inches
thick, very fine-grained, light gray (N 7), well sorted,
laminated (5 to 7 per inch), contains festoon cross-
laminations.

Contact sharp, planar.
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Interval (feet) Description

121-119

119-110.5

110,5-110

Mudstone, dark gray (N 3), 3 to 6 inch beds with
elongate, concentric weathering pattern, breaks out
in shell-like layers.

Contact gradational.

Mudstone, dark gray (N 3), laminated to thin-bedded
(1/4 to 1 inch), non-calcareous, weathers as chips
1/2 by 1 inch, with 2 inch silty layers at 8 to 10 inch
intervals.

Contact gradational over 4 inches.

Sandstone, medium light gray (N 6), very fine-grained,
well sorted but contains large (1/4 by 1 inch) shell
(mollusc?) fragments.

Contact sharp, planar.

110-102 Mudstone, dark gray (N 3), laminated to thin-bedded
(1/4 to 1 inch), non-calcareous, weathers out in chips
and small blocky fragments 1/2 by 1 inch.

102-100,5

Contact sharp, planar.

Sandstone, medium gray (N 5), very fine-grained,
well sorted, mildly calcareous. Thinly laminated
(10 to 15 per inch); 6 inches thick. Contact grada-
tional. Mudstone, dark gray (N 3), weathers out as
chips 1/8 by 1/4 inch, non-calcareous. Unit 6 inches
thick.
Contact gradational. Sandstone, medium gray (N 5),
very fine-grained, well sorted, calcareous, contains
unidentified shell fragments 1/8 to 1/4 inch long.
Weathers out in beds 1/2 to 1 inch thick. Unit 6
inches long.

Contact sharp, planar.

100,5-99 Siltstone, medium dark gray (N 4), laminated (5 to 7
per inch), weathers out in fragments 1/2 by 1/2 inch,

Contact gradational over 2 inches,
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Appendix D. (cont. ) Measured section, Spray Formation.

Interval (feet) Description

99-98.5 Sandstone, light gray (N 7), very fine-grained well-
sorted, mildly calcareous. Cross-laminations pre-
sent, not measurable.

Contact sharp, planar.

98.5-9.6 Mudstone, dark gray (N 3), laminated to thin-bedded
(1/4 to 1 inch), weathers to chips 1/4 by 1/2 inch.

Contact gradational over 3 inches; however, under-
lying sandstone, through differential weathering,
stands out as a distinct unit.

96-95 Sandstone 6 inches thick, grading upward to siltstone.
Sandstone, light gray (N 7), fine-grained, subangular
to subrounded, well sorted, calcareous cement,
quartz, feldspar, biotite. Festoon cross-laminations
present, not measurable; isolated load casts on
bottom of bed.

95-84.5

Contact sharp, planar.

Mudstone, dark gray (N 3), laminated to thin-bedded
(1/4 to 1 inch), weathers to chips 1/4 by 1/2 inch.
Contact gradational over 2 inches. Lower 3 inches:
sandstone, light gray (N 7), fine-grained, well sorted,
festoon cross-laminations present.

Contact sharp, planar.

84. 5-81-. 5 Mudstone, dark gray (N 3), thin-bedded (1/2 to 1
inch), weathers to chips 1/4 by 1/2 inches.

81,5-81

Contact gradational.

Sandstone, medium light gray (N 6), very fine-grained,
well sorted, mildly calcareous, laminated 5 to 10 per
inch. Contains festoon cross-laminations.

Contact sharp, planar.
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Appendix D. (cont. ) Measured section, Spray Formation.

Interval (feet) Description

81-74 Mudstone, dark gray (N 3), thin-bedded (1/2 to 1
inch), weathers to chips 1/4 by 1/2 inches, with silty
layers 1/2 to 1 inch thick. Silty layer (2 inches thick)
6 inches from top contains carbonaceous debris.
Contact sharp, planar.
Lower 3 inches: siltstone, medium dark gray (N 4),
laminated (7 to 10 per inch).

74-70, 5

70, 5 -69

69-62.5

62.5-62

62-55. 5

Contact sharp, planar.

Mudstone, dark gray (N 3), thin-bedded (1/2 to 1
inch), weathers to chips 1/4 by 1/2 inch, concentric
weathering common.

Contact gradational over 2 inches.

Sandstone, light gray (N 7), medium-grained, angular
to subangular, good sorting, calcareous, quartz,
feldspar, biotite. Laminated (5 to 7 per inch).
Isolated load casts.

Contact sharp, gently undulating to planar.

Mudstone, dark gray (N 3), thin-bedded (1/2 to 1
inch), weathers to chips and blocky fragments 1/4
by 1/2 inch, with thin (1/4 to 1/2 inch) silty laminae
at 3 to 12 inch intervals.

Contact sharp, planar.

Sandstone, medium light gray (N 6), fine-grained,
subangular to subrounded, well sorted, calcareous
cement, quartz, feldspar, biotite, laminated 5 to 10
per inch, festoon cross-laminations present.

Contact sharp, gently undulating.

Mudstone, dark gray (N 3), thin-bedded (1/2 to 1 inch),
weathers to chips and blocky fragments 1/4 by 1/2
inches, concentric weathering common. Thin inter-
calated silty beds, 1/4 to 1/2 inch thick, have 5 to
10 laminae per inch, and alternate every 10 to 12
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Appendix D. (cont. ) Measured section, Spray Formation.
Interval (feet) Description

inches with the mudstone; weathered biotite gives a
rusty brown appearance to siltstones.

Contact gradational.

55.5-54.5 Upper 2 inches in siltstone, very light gray (N 8),
thinly laminated (10 to 15 per inch). Grades over 1
inch to mudstone, olive gray (5 Y 4/1) to dark gray
(N 3), laminated to thin-bedded (1/4 to 1 inch), wea-
thers to chips 1/4 by 1/2 inch and blocky fragments
1/2 by 1 inch. Commonly shows a concentric wea-
thering pattern.

54..5-53

Contact sharp, gently undulating

Reverse graded sequence of sandstone.
Upper 6 inches coarse-grained sandstone, angular to
subangular, poorly sorted; quartz, feldspar, biotite,
muscovite, lithic fragments. Weathers to pinkish
gray (5 YR 8/1), only a faint trace of approximately
1/4 inch thick beds. Lower 12 inches: medium-
grained, pinkish gray (5 YR 8/1), to light brownish
gray (5 YR 6/1); angular to subangular, good sorting,
mildly calcareous; quartz, feldspar, biotite, lithic
fragments, no fossil material, no concretions. Thinly
laminated (10 to 15 per inch).

Contact sharp, planar.

53-44 Alternating mudstone and siltstone.
Mudstone units 2 to 3 inches thick, laminae 1/4 to
1/2 inch thick, dark gray (N 3), weathers to chips
1/4 by 1/2 inch diameter, non-calcareous. Siltstone
units 2 to 4 inches thick, laminae 1/4 to 1/2 inch
thick, dark gray (N 3), weather to blocky fragments
1/4 by 1/2 inch, mildly calcareous, no shell frag-
ments.

Contact sharp, planar.
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Appendix D. (cont. ) Measured section, Spray Formation.

Interval (feet) Description

44 -40.5 Mudstone, dark gray (N 3), laminated (1/8 to 1/4
inch), weathers out as small chips, 1/4 by 1/2 inch.

Contact gradational.

40.5-40 Siltstone, medium dark gray (N 4), laminated 10 to
12 per inch.

40-0 Covered, probably mudstone.

Initial point: about 300 ft. north of Wildwood Trailer Park on
Easthom Rd. , at head of Descanso Bay, in SW1/4 NW1/4 SW1/4
SW1/4, Sec. 20, Gabriola Island. Approximate contact with under-
lying Geoffrey Sandstone covered.
Attitude: N. 15 W. , 13 N.
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Appendix E. Measured section, Gabriola Sandstone.
Interval (feet) Description

Terminal point: about 200 ft, west of Tins on Point, at water level
(5. 0 ft. low tide) in NE1/4 NE1/4 NE1/4 NW1/4, Sec. 21, Gabriola
Island. Attitude near top of exposed section: N. 67 W. , 12 N.

1129-1099 Sandstone, light olive gray (5 Y 6/1), coarse-grained,
angular to subangular, good sorting, non-calcareous;
quartz, feldspar, biotite, lithic fragments; bedding
indistinctly exposed, contains rare discontinuous
stringers (6 inches by 10 feet) of mud chips (1 by 3
inches). Sandstone concretions abundant, and exhibit-
ing honeycomb weathering.

Contact sharp, scour.

1099-1097 Mudstone and siltstone, light olive gray (5 Y 5/2).
Upper 6 inches is laminated (7 to 10 per inch) mud-
stone, remainder is laminated (1/4 to 1/2 inch)
siltstone.

Contact gradational over 4 inches.

1097-1052 Sandstone, light olive gray (5 Y 6/1), coarse-grained,
angular to subangular, good sorting, non-calcareous;
quartz, feldspar, biotite, sandstone lithic fragments;
bedding poorly exposed Sandstone concretions (6
inches to 5 feet) abundant, exhibit honeycomb weather-
ing,

1052-
1051.-5

1051:5 -
1050

Contact sharp, scour.

Mudstone, light olive gray (5 Y 5/2), laminated (1/8
to 1/2 inches).

Contact gradational.

Sandstone, light olive gray (5 Y 6/1), coarse-grained,
angular to subangular, non-calcareous; quartz, feld-
spar, biotite, lithic fragments; upper 12 inches
laminated (1/4 to 1/2 inches), lower part massive
to poorly bedded and contains discontinuous stringers
of small (1 by 3 inches) mud chips.

Contact sharp, scour.
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Appendix E. (cont. ) Measured section, Gabriola Sandstone.
Interval (feet) Description

1050-1047 Mudstone, light olive gray (5 Y 5/2), laminated
(1/8 to 1/2 inches).

1047 -
1042: 5

1042r5
1041

Contact gradational over 6 inches.

Sandstone, light olive gray (5 Y 6/1), coarse-grained;
angular to subangular, non-calcareous; quartz, feld-
spar, biotite, lithic fragments; massive to indistinctly
bedded, honeycomb weathering present in sandstone
concretions (1 to 3 feet).

Contact sharp, gently undulating.

Siltstone, light olive gray (5 Y 6/1), laminated (1/4
to 1/2 inch).

Contact gradational.

1041-1037 Mudstone, light olive gray (5 Y 5/2) laminated (1/8
to 1/4 inch).

Contact sharp, planar.

1037-1029 Sandstone, pale yellowish brown (10 YR 6/2), coarse-
grained, angular to subangular, good sorting, non-
calcareous; quartz, feldspar, biotite, lithic fragments;
laminated (1/4 to 1/2 inch) to massive; lower 18
inches contains numerous mudclasts 1/2 by 1 inch.
Laterally along strike lower part contains scour
channels.

Contact sharp, scour.

1029-1019 Mudstone/siltstone, light olive gray (5 Y 5/2),
laminated (4 to 12 per inch); intercalated discontinu-
ous coal laminae 1/4 to 1/2 inch thick. Unit contains
a coarse-grained sandstone bed (6 to 18 inches thick)
that pinches and swells along strike. Contacts above
and below sandstone are sharp, gently undulating with
infrequent scour.

Contact gradational.
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Appendix E. (cont. ) Measured section, Gabriola Sandstone.
Interval (feet) Description

1019-996 Sandstone, pale yellowish brown, (10 YR 6/2),
coarse-grained, angular to subangular, good sorting,
non-calcareous; quartz, feldspar, biotite, lithic
fragments, lower 5 feet massive, contains large (up
to 6 feet) sandstone concretions with honeycomb wea-
thering. Upper part laminated (1/4 to 1/2 inch);
top 2 feet contain 6 to 8 inch discontinuous stringers
of mudclasts

Contact sharp, undulating

996-965 Mudstone, medium dark gray (N 5) laminated (2 to
12 per inch), commonly weathers out in chips (1/4
by 1/2 inch). Few intercalated silty or very fine
sand layers less than 1/2 inch thick

965-869

869-858

858-816.5

816.5-812

Covered, sand beach at Pilot Bay.

Sandstone, coarse-grained, angular to subangular,
poorly sorted, non-calcareous; quartz, feldspar,
biotite, lithic fragments, laminated (1/4 to 1/2 inch);
abundant sandstone concretions, show honeycomb
weathering.

Contact sharp, undulating.

Alternating sandstone and mudstone/siltstone se-
quence.
Sandstone, grayish orange (10 YR 7/4), non-calcare-
ous, laminated (2 to 12 per inch); units range from 2
to 10 inches in thickness; thicker units have abundant
sandstone concretions; lower contacts sharp, scour.
Mudstone/siltstone, medium dark gray (N 5) to
grayish orange (10 YR 7/4), laminated (1/8 to 1/4
inch); some silty layers exhibit convolute laminations.

Contact sharp, undulating.

Sandstone, light olive gray (5 Y 5 /2), coarse-
grained, angular to subangular, poorly sorted, non-
calcareous; quartz, feldspar, biotite, lithic frag-
ments, massive at base to laminated (1/4 to 1/2 inch)
at top
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Appendix E. (cont. ) Measured section, Gabriola Sandstone.
Interval (feet) Description

Contact sharp, undulating.

812-782 Alternating sandstone and mudstone/siltstone se-
quence.
Sandstone medium-grained, laminated (1/8 to 1/4
inch), units range from 4 to 12 inches in thickness,
one unit 3 feet thick with lower contact sharp scour,
upper contact gradational; many small sandstone con-
cretions (4 to 18 inches), few large (up to 5 feet in
diameter), honeycomb weathering in concretions
only; mudclasts occur above some mudstone units.
Mudstone medium dark gray (N 5) laminated (2 to 12
per inch).

782-749

749-745

Contact gradational.

Sandstone, coarse-grained, angular to subangular,
poorly sorted, non-calcareous; quartz, feldspar,
biotite, lithic fragments; laminated; channels common,
honeycomb weathering restricted to sandstone concre-
tions which range in size up to 10 feet in diameter, the
larger being linear instead of round; few thin (2
inches) mudstone units present, overlying sandstones
contain sparse mudclasts (1 by 3 inches).

Contact sharp, undulating.

Alternating sandstone and mudstone sequence. Sand-
stone, medium- to coarse-grained, angular to sub-
angular, poorly sorted, non-calcareous; indistinctly
bedded to massive. Some layers contain stringers of
mudclasts.
Mudstone, medium dark gray (N 5), laminated (2 to
12 per inch).
Sequence: 2 in. mudstone

contact gradational
18 in. sandstone
contact sharp, undulating
2 in. mudstone
contact gradational
10 in. sandstone
contact sharp, undulating
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Appendix E. (cont. ) Measured section, Gabriola Sandstone.
Interval (feet) Description

745-705

4 in. mudstone
contact gradational
10 in. sandstone
contact sharp, undulating
2 in. mudstone

Contact sharp, undulating.

Sandstone, medium- to coarse-grained, angular to
subangular, poorly sorted, non-calcareous; quartz,

feldspar, biotite, lithic fragments, laminated (1/8 to
1/2 inch); honeycomb weathering restricted to sand-
stone concretions (up to 6 feet in diameter); 1 to 3
inch mudstone units at varying intervals, stringers
of mudclasts (1 to 4 feet long) in sandstone directly
overlying the mudstone.

Contact sharp, scour.

705-700 Alternating sandstone and mudstone sequence. Sand-
stone, medium- to coarse-grained, angular to sub-
angular, poorly sorted, non-calcareous; contains
many large (up to 5 by 14 inch) angular mudclasts;
indistinctly bedded to massive. Mudstone, medium
dark gray (N 5) laminated (2 to 12 per inch)
Sequence: 20 in. mudstone

contact sharp, undulating
12 in. sandstone
contact sharp, scour
24 in. mudstone
contact sharp, undulating
4 in. sandstone

Contact sharp, undulating.

700-689 Mudstone/siltstone, medium dark gray (N 5), non-
calcareous; laminated (2 to 12 per inch).

Contact gradational.
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Appendix E. (cont. ) Measured section, Gabriola Sandstone.
Interval (feet) Description

689-614 Sandstone, yellowish gray (5 Y 8/1), coarse-grained,
angular to subangular, poorly sorted, non-calcareous;
quartz, feldspar, biotite, lithic fragments; massive;
few thin (less than 6 inches) mudstone layers with
load casts developed in overlying sandstone.

614-611

611-609.5

Contact sharp, gently undulating.

Siltstone, medium dark gray (N 5), beds 2 to 4 inches
thick, differential weathering creates ribbed appear-
ance.

Contact gradational.

Sandstone, yellowish gray (5 Y 8/1), coarse-grained,
angular, poorly sorted, non-calcareous; quartz, feld-
spar, biotite, lithic fragments; laminated (1/4 to 1/2
inch), no concretions.

Contact sharp, scour.

609. 5-608 Siltstone, medium dark gray (N 5), laminated (2 to
12 per inch).

608-593

593-592,5

Contact gradational.

Sandstone, yellowish gray (5 Y 8/1), coarse-grained,
angular to subangular, poorly sorted, non-calcareous;
quartz, feldspar, biotite, lithic fragments; laminated,
abundant sandstone concretions (2 to 14 inches long).

Contact sharp, undulating.

Siltstone, light olive gray (5 Y 6/1), thinly laminated
(15 to 20 per inch); convolute laminations within upper
3 inches.

Contact gradational.

592.5-590.5 Sandstone, light gray (N 7), coarse-grained, angular
to subangular, good sorting, non-calcareous; quartz,
feldspar, biotite, lithic fragments, laminated (1/4 to
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Appendix E. (cont. ) Measured section, Gabriola Sandstone.
Interval (feet) Description

1/2 inch). Upper 4 inches is fine-grained, laminated
(10 to 15 per inch).

Contact sharp, scour.

590.5-589 Siltstone, medium dark gray (N 5), laminated (4 to 12
per inch).

Contact gradational.

589-564 Sandstone, dark yellowish gray (5 Y 7/2), coarse-
grained, angular to subangular, poorly sorted, non-
calcareous; quartz, feldspar, biotite, lithic fragments;
thin-bedded (2 to 6 inches), numerous honeycombed
concretions; short (10 to 12 feet) discontinuous 1 inch
thick mudstone stringers.

564-541

541-536

Contact sharp, scour.

Alternating mudstones and siltstones, units 1 to 3
inches thick, laminated (1/8 to 1/4 inch); one distinct
sandstone unit 6 inches thick near middle of sequence,
with sharp upper and lower contacts.

Contact gradational.

Sandstone, dark yellowish gray (5 Y 7/2), coarse-
grained, angular to subangular, poorly sorted, cal-
careous; quartz, feldspar, biotite, lithic fragments;
laminated (1/4 to 1/2 inch). Cross-laminations and
channels (18 to 30 inches wide, approximately 12
inches deep) common.

Contact sharp, planar.

536-535 Sandstone, yellowish gray (5 Y 7/2), fine-grained,
subangular, well sorted, non-calcareous; laminated
(1/8 to 1/4 inch),

Contact sharp, gently undulating.
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Appendix E. (cont. ) Measured section, Gabriola Sandstone.
Interval (feet) Description

535-524 Alternating mudstones and siltstones, units 1 to 3
inches thick, laminated (1/8 to 1/4 inch), mudstone
contains numerous horizontal worm borings; no
fossils.

524-432

432-391r5

Covered, Clark Bay, probably siltstone and mudstone.

Sandstone, light olive gray (5 Y 5/2), coarse-grained,
angular to subangular, good sorting, non-calcareous,
quartz, feldspar, biotite, lithic fragments, laminated
(1/4 to 1/2 inch) to massive, scour channels abun-
dant; sandstone concretions show honeycomb weather-
ing; abundant mudclasts, up to 3 by 5 inches, some
angular, most rounded, restricted to 8 inch bed near
top. Well developed joints trend N. 25 W.

Contact sharp, undulating.

391.5 388.5 Siltstone and mudstone, light olive gray (5 Y 5/2),
laminated (2 to 12 per inch). Few intercalated fine-
grained sandstones, approximately 1/2 inch thick;
upper contacts gradational, minor scour at base of
sandstones.

Contact gradational.

388.5-328.5 Sandstone, light olive gray (5 Y 6/1), coarse-grained
with some granule-size grains; angular to subangular,
poorly sorted, non-calcareous; quartz, feldspar,
biotite, lithic fragments; laminated (1/4 to 1/2 inch)
to massive. Sandstone concretions (6 inches to 3
feet) numerous, honeycomb weathering restricted to
concretions.

328.5=327

Contact sharp, scour.

Sandstone, light olive gray (5 Y 6/1), fine- to
medium-grained, subangular, well sorted, laminated
(lower 6 inches: 10 to 15 per inch, upper 12 inches:
5 to 7 per inch).

Contact gradational.
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Appendix E. (cont. ) Measured section, Gabriola Sandstone.
Interval (feet) Description

327-272 Sandstone, light olive gray (5 Y 5/2), coarse-grained,
angular to subangular, good sorting, non-calcareous;
quartz, feldspar, biotite, lithic fragments; massive;
isolated mudclasts present.
Sandstone concretions abundant, 6 inches to 6 feet in
size, honeycomb weathering in concretions only.

272-270

270-75

Contact sharp, gently undulating.

Upper 3 inches is fine-grained sandstone, laminated
(1/8 to 1/4 inch).
Remainder: siltstone, medium dark gray (N 5),
laminated to thin-bedded (1/4 to 3 inch), non-calcare-
ous.

Contact gradational.

Sandstone, light olive gray (5 Y 5/2), coarse-grained,
angular to subangular, good sorting, non-calcareous;
quartz, feldspar, biotite, lithic fragments; laminated
(1/8 to 1/4 inch) to massive, abundant scour channels.
Honeycomb weathering prevalent; mudclasts up to 8
by 14 inches present, but not numerous; calcareous
sandstone concretions abundant, range in size from 6
inches to 5 feet, spherical to oval; well developed
joints trend N 35 E. Thin (1 to 4 inch) mudstone units
interbedded at 3 to 6 foot intervals, lower contacts
gradational, upper contacts sharp, load casts.

Contact sharp, planar.

75-71 Sandstone and mudstone sequence.
Sandstone, light olive gray (5 Y 6/1), coarse-grained,
angular to subangular, good sorting; quartz, feldspar,
biotite, lithic fragments, laminated (1/8 to 1/2 inch).
Mudstone, medium dark gray (N 6), laminated (1/8
to 1/4 inch).
Sequence: 4 in. mudstone

contact sharp, gently undulating
20 in. sandstone
contact gradational
2 in. mudstone
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Appendix E. (cont. ) Measured section, Gabriola Sandstone.
Interval (feet) Description

contact sharp, gently undulating
18 in. sandstone
contact gradational
4 in. mudstone

Contact sharp, undulating.

71-67 Sandstone, light olive gray (5 Y 6/1), coarse-grained,
angular to subangular, good sorting; quartz, feldspar,
biotite, lithic fragments, laminated (1/8 to 1/2 inch)
to 10 to 12 inch beds with interfingered or lens-like
silty layers 1/2 to 4 inches thick; contains a few mud-
clasts (up to 4 by 10 inches); bottom shows load casts.

Contact sharp, gently undulating.

67-64 Sandstone and mudstone sequence.
Sandstone, light olive gray (5 Y 5/2), fine- to medium-
grained, angular to subangular, good sorting; quartz,
feldspar, biotite, lithic fragments, upper 12 inch unit
[which is moderate reddish brown (10 P 4/6)] , ex-
hibits concentric weathering pattern.
Mudstone,, medium light gray (N 6) weathers in part
to moderate reddish brown (10 R 4/6); laminated
(5 to 7 per inch).
Sequence: 2 in. mudstone

contact sharp, scour
4 in. fine sandstone, laminated (1/8 to 1/4

inch)
contact gradational
4 in. mudstone
contact sharp, scour
14 in. medium sandstone, massive
contact sharp, scour
12 in. fine sandstone, laminated (1/4 to

1/2 inch)

Contact gradational

64-44 Sandstone, light olive gray (5 Y 5/2), medium-
grained, angular to subangular, poorly sorted,
granule-size grains common, non-calcareous; quartz,
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Appendix E. (cont. ) Measured section, Gabriola Sandstone.
Interval (feet) Description

44-42.5

feldspar, biotite, lithic fragments, laminated (1/4 to
1/2 inch), honeycomb weathering common, few sand-
stone concretions.

Contact sharp, planar.

Siltstone, light olive gray (5 Y 6/1), laminated (5 to
7 per inch).
Lower 3 inches is mudstone, medium gray (N 5),
laminated (5 to 7 per inch).

Contact gradational.

42. 5-37.5 Sandstone, light olive gray (5 Y 5/2), coarse-grained,
angular to subangular, good sorting, non-calcareous;
thin-bedded (1/2 to 1 inch), honeycomb weathering
common; contains few scattered mudclasts (1 by 3
inches).

37.5-37

37-34. 5

34.5-34

Contact sharp, undulating.

Sandstone, light olive gray (5 Y 6/1), non-calcareous;
laminated (1/4 to 1/2 inch). Upper 3 inches is mud-
stone, medium dark gray (N 4), laminated (10 to 15
per inch).

Contact gradational.

Sandstone, light olive gray (5 Y 6/1), medium- to
coarse-grained, angular to subangular, good sorting,
non-calcareous; quartz, feldspar, biotite, lithic frag-
ments, laminated (1/4 to 1/2 inch), few mudclasts 1
by 2 inches in upper 18 inches of unit.

Contact sharp, scour-and-fill.

Sandstone, light olive gray (5 Y 6/1), very fine-
grained, well sorted, non-calcareous, laminated
(10 to 12 per inch).

Contact gradational.
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Appendix E. (cont. ) Measured section, Gabriola Sandstone.
Interval (feet) Description

34-33,5

33.-5-32

Sandstone, light olive gray (5 Y 5/2), medium-
grained, angular to subangular, good sorting, non-
calcareous; quartz, feldspar, biotite, lithic frag-
ments, laminated (1/4 to 1/2 inch).

Contact sharp, planar.

Sandstone, light olive gray (5 Y 6/1) very fine-
grained, well sorted, non-calcareous, laminated 10
to 12 per inch,

Contact gradational.

32-23 Sandstone, light olive gray (5 Y 5/2), medium-
grained, angular to subangular, non-calcareous;
poorly sorted with granule-size grains; quartz,
feldspar, biotite, lithic fragments; massive at base,
upper 4 feet laminated (1/4 to 1/2 inch), honeycomb
weathering and round sandstone concretions to 3 feet
diameter common.

Contact sharp, planar.

23-22 Sandstone, light olive gray (5 Y 6/1), very fine-
grained, well sorted, non-calcareous, laminated
(1/4 to 1/2 inch).

Contact gradational.

22-8 Sandstone, cliff-former, light gray (N 7), coarse-
grained, angular to subangular, good sorting, highly
calcareous; quartz, feldspar, biotite, lithic frag-
ments, and randomly scattered granules 2 to 4 mm
in size; laminated (1/4 to 1/2 inch). Contains dis-
continuous stringers of mudchips and larger mud-
clasts up to 2 by 6 inches; weathered 'gallery type'
concavities and honeycomb weathering common;
abundant round sandstone concretions 6 inches to 5
feet in diameter.

Contact sharp, planar.
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Appendix E. (cont. ) Measured section, Gabriola Sandstone.
Interval (feet) Description

8-7 Upper 2 inches laminated (1/8 to 1/4 inches).
Siltstone, yellowish gray (5 Y 7/2) appears massive,
but contains 2 to 8 inch concentrically weathering
concretionary structures, non-calcareous.

Contact gradational over 3 inches.

7-0 Sandstone, cliff-former, light olive gray (5 Y 5/2),

very coarse-grained, grades upward to medium-
grained at top; angular to subangular, poorly sorted,
non-calcareous; quartz, feldspar, biotite, muscovite,
lithic fragments; laminated (1/4 to 1/2 inches).

Initial point: about 350 ft. south of Orlebar Point, at 10 ft. above
6.0 ft. tide level, in NE1/4 NW1/4 NW1/4 Sec. 23, Gabriola
Island. Contact with underlying Northumberland Fm. sharp,
planar.
Attitude: N. 55 E. , 17 N.
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Appendix F. Analytical Techniques.

X-ray Diffraction Analysis of Mudstones

Five samples of Northumberland mudstone and six samples of

Spray mudstone were prepared and analyzed utilizing the following

procedures.

Samples were crushed to a fine powder with a mortar and

pestle. Distilled water was added to the samples and each was

thoroughly agitated. After shaking, samples were allowed to stand

for approximately one minute, then a few drops of the cloudy sus-

pension were transferred to a clean glass slide. After drying, these

oriented mounts were scanned from 3° to 18°2Q using a Norelco

X-ray diffractometer. Two traces were run for each sample:

(1) air dried at room temperature, and (2) treated with ethylene

glycol. Instrumental settings were as follows: Radiation, Cu

(broadfocus) ka at 35 KV and 35 MA; rate meter setting multiplier,

2 x 103 with a T. C. of 2; scan rate, 1 per minute.

Zeolite Determination by X-ray Diffraction

One sample each from the Geoffrey and Gabriola sandstones was

selected, based on the greatest percentage of zeolitic material pre-

sent in examined thin sections. Samples were crushed and slide

mounts prepared in the same manner as outlined above for the
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mudstone samples. These oriented mounts were scanned from 3° to

30°28 using a Norelco X-ray diffractometer, with the same instru-

mental settings as indicated above. Only one trace (air dried) was run

for each sample.

D-spacings for each sample were compared with those recorded

on powder file card 14-320 (laumontite).
o

Geoffrey (A) Gabriola (A)
0

Card 14-320 (A )

9. 50 9.52 9.56

4.16 4.16 4.18

- 3.53 3.53

3.33 3.34 3.35

3.29 3.29

3.19 3.19 3.21

Because of the close fit of the samples with the recorded d-spacings

on the powder card, the determination of laumontite was made.

Marcasite Determination by X-ray Diffraction

Part of a concretion from the Spray Formation in Leboeuf Bay

was crushed using a mortar and pestle and then sieved through 200

mesh. This powder was packed in a powder pack tray. A Norelco

X-ray diffractometer was used to scan this unoriented mount from 25°

to 58°2Q . Instrumentation was the same as for the other X-ray work.

Seven peaks wi th d-spacings close to those of marcasite, file card
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3-0799, were noted. Three peaks were relatively close to those of

pyrite, file card 6-0710. Because of this close agreement of the seven

peaks, it was determined that the concretion cement is marcasite.


