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ABSTRACT

The depositional framework of the northern part of the
Fraser Delta (Lulu Island) was investigated using a series of
drill cores, 1in order to determine the manner in which
aggradation occurred on the delta in response to a mid-Holocene
rise in sea-level.

Selected contemporary depositional environments on Lulu
Island were characterised in terms of their lithology, pollen
spectra and microfossil content, in order to establish a
comparative framework for the paleoenvironmental interpretation
of subsurface facies. A chronology of the evolution of Lulu
Island was developed, based on C dating, the identification of
tephra layers encountered in drill cores and stratigraphic
correlation.

The response of the deltaic system to the rise in sea-level
was found to have téken the form of a depositional regression,
rather than a marine transgression. Deposition was sufficient to
maintain seaward progradation, even during the period of rising
sea-level. At the same time, rising base 1level triggered
aggradation of the delta and the adjoining Fraser Rivér
floodplain. Facies incorporated into the structure of the delta
during this stage of its gréwth are of the same internal
character and vertical order as their modern analogues, but may
be of considerably greater vertical extent.

Former sea-levels were established within the body of the
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delta by a iithologic transition from organic-rich silt of tidal
mafsh origin, to silts and sands of intertidal origin. This
method of identifying former sea-levels, combined with the
chronological control provided by this study, enabled a revised
sea-level <curve to be developed for the Fraser Lowland. The
revised curve contains a hitherto unknown stillstand occurring
at 6000 yr BP and indicates that the sea did not stabilize at
its present level until 2250 yr BP.

Details of the Fraser Delta's Holocene progradation rates
and vertical accretion rates calculated in this study, are used
to estimate the Fraser River's sediment discharge rates during
the 1last 9000 years. The estimate, although only a first
approximation, suggests that the Fraser River's sediment
discharge has been stable for the last 6000 years and was higher
in the early Holocene, which 1is in accordance with the
paraglacial concept.

The results from the Fraser Delta serve as a model for the

depositional regression style of coastal aggradation.
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SECTION ONE

INTRODUCTORY MATERIAL



CHAPTER ONE

INTRODUCTION

1.1 INTRODUCTION

The main goal of this study is to determine the manner in
" which aggradation occurred on part of the Fraser Delta in
response .to a mid-Holocene rise 1in sea level, Particular
emphasis will be given to changes in the location of the delta's
topset depositional environments and the nature of the resulting

stratigraphic record.

1.2 DELTAS: DEPOSITIONAL RESPONSE TO CHANGING SEA LEVEL

Attempts to model the sedimentary framework of deltas have
progressed from the pioneering work of Gilbert's (1890)
classical 3-tier depositional system (Fig. 1.1), to the more
detailea three dimensional arrangement of facies in the modern
Mississippi‘ "bird's foot" delta (e.g. Fig. 1.2), which became
the standard for comparison during the 1950's and 60's.

However, with increasing knowledge of deltaic depdsits
resulting from the rapid expansion of subsurface investigations
in the 1950's, it became apparent that considerable variability
existed in both the overall morphology of deltas and in the
nature and arrangement of their constituent facies (Frazier,

1967; Wright and Coleman, 1973; Galloway, 1975). It was
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Figure 1.1 The Gilbert-type 3-tier deltaic depositional system
(modified from Gilbert, 1890)

Figure 1.2 Sedimentary framework of the modern Mississippi
Delta (after Fisk et al_, 1954)
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recognized fhat the "Gilbert" and "Mississippi" models were just
two examples of a broader spectrum of deltaic depositional
styles.

Consequently, much of the recent research concerning
deltaic systems has focused on attempts to classify deltas 1in
terms of the various factors which influence their morphology
and depositional framework, in order to develop a comprehensive
range of delta models (Coleman and Wright, 1977).

A consistent theme 1in deltaic modelling has been the
relative magnitude of fluvial and marine processes. Models have
been developed that reflect wave, tide or river dominance, in
terms of the morphology of deltaic sand bodies (Coleman and
Wright, 1971; 1973; 1975); the kind and abundance of specific
process—linked facies (Scott and Fisher, 1969; Galloway, 1975);
and, characteristic vertical facies sequences (Scott and Fisher,
1969; Coleman and Wright, 1975} Miall, 1984a).

A fundamental and unifying feature of deltaic depositional
models 1is that the spatial arrangement of depositional
environments on the deltaic plain is essentially controlled by
the position of the delta's shorezone, where .much of the
interaction of fluvial and marine processes takes place.

The deltaic plain can _be subdivided into three
physiographic regions on the basis of shorezone 1location (Fig.
1.3): the subaerial wupper deltaic plain, above the area of
significant marine influence and consequently dominated by
fluvial depositional environments; the lower deltaic plain, or

intertidal zone, where fluvial sediment is subject to wave and



UPPER
DELTAIC
PLAIN

[FLOODPLAIN]

OLDER
SURFACE

LOWER
DELTAIC
PLAIN

HIGHEST
TIDE LEYEL

LOWEST
TIDE LEVEL

: SUBAQUEOUS :
I DELTAIC PLAIN]:

Figure 1.3 Components of the deltaic plain
(modified from Coleman and Prior, 1982)
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tide modification; and the subaqueous deltaic plain, below
loWest normal tide level and‘dominated by marine environments of
deposition (Coleman and Prior, 1982).

An important consequence of this 2zonation of deltaic
geomorphology is that changes in shoreline 1location are
accompanied by the migration of the delta's depositional
environments. In an actively prograding delta, there is a
seaward migfation of the shoreline, with the result that
deposits of the lateral succession of depositional environments
are incorporated into a vertical gradational sequence of facies
(Fig. 1.4).

Landward migration of a shoreline during a marine
transgression may generate more complex facies sequences than
those resulting from seaward progradation. Scruton (1960) and
van Straaten (1960) proposed that repeated progradation,
abandonmént, subsidence and reactivation of a deltaic lobe,
would result in repetition of the deltaic facies sequence in
vertical profile, with each cycle unconformably overlying the
one below (Fig. 1.5).

Curray (1964), Curtis (1970) and Vail et al. (1977)
produced hypothetical models of the depositional response of
deltas to a relative rise in sea 1level. The basis of these
models 1is the relative balance between the rate of deltaic
deposition and the rate of sea level rise. It 1is this balance
which determines whether the delta's depositional environments
move landward in a marine transgression, remain geographically

stationary, or move seaward in a depositional regression
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(Curray, 1964). In each case, a distinctive vertical facies
sequence 1is produced, in which the vertical order, extent and
nature of contact between facies reflects the depositional
response to the rise in sea level (Fig. 1.6).

Thus, by the mechanisms of shoreline regression or
transgression, deposits formed in the delta's various
depositional environments may be superimposed one on top of
another, building up a vertical facies sequence which is
incorporated into the sedimentary framework and serves as a
record of the depositional history of the deltaic system,

Consequently, examination  of a delta's sedimentary
structure, in terms of the type of facies present, the order of
facies in the vertical profile and the nature of contact between
successive facies, may provide valuable 1insights into the

depositional evolution of the deltaic system.

1.3 RATIONALE AND BASIS OF THE RESEARCH

The 1identification of facies and‘the use of facies models
is now one of the most active areas in the general field of
sedimentology (Walker, 1984; Miall, 1984b). A considerable
amount of research has centered on the development of facies
models in the form of idealized vertical sequences of facies,
characteristic of specific depositional systems (Coleman and
Wright, 1975; Cant and Walker, 1976; Miall, 1978).

Attempts to model the vertical facies succession in deltas
began with Gilbert's (1890) 3-tier depositional system (Fig.

1.1). Although based on the coarse-textured, pro-glacial deltas
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of Lake Bonnéville, the generalized features of this model are
still widely applicable today to many deltaic systems. In
general, the model consists of a gradational vertical succession
of facies, from progressively shallower marine deposits, through
intertidal sediments and culminating in a cap of terrestrial
deposits.

The generalized "Gilbert" model serves to illustrate two
important and interrelated principles of delta construction;
firstly, the model conforms to Walther's (1894) law of facies
superimposition, wherein laterally adjacent facies are
superimposed vertically as the delta progrades seaward; and,
secondly, sea level is shown to be the major control on the
vertical positioning of facies within the body of the delta.

It follows that changes in sea level are accompanied by a
consequent displacement of the facies sequence within the
stratigraphic record. During a relative rise in sea level, the
direction of such a displacement and nature of the resulting
facies sequence will be dependent on the balance between the
rate of sea level rise and the rate of deltaic deposition
(Curray, 1960; Curtis, 1970; Vail et al., 1977) (Fig. 1.6).

To 1illustrate how deltaic development might be affected by
changes in the relative balance between sea level rise and
deltaic deposition, three contrasting hypothetical models have

been developed and are described below;
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1) The rate of sea level rise exceeds the rate of deposition

-(Fig. l.7a).

A rapid marine transgression occurs, accompanied by the
landward migration of depositional environments. As a result,
the facies sequence will be repeated in a cyclic fashion, lying

L J

unconformably on the older surface below.

2) Deposition and sea level rise occur at the same rate

(Fig. 1.7b).

A lateral migration of the shoreline does not occur. Each
depositional environment aggrades vertically. Facies
incorporated 1into the stratigraphic record during this period
attain a greater thickness, than would be acquired during

deltaic progradation under stable sea level conditions.

3) Deposition occurs more rapidly than the rate of sea level

rise (Fiq. 1.7c).

The shoreline and the delta's depositional environments
migrate seaward in a depositional regression. Each depositional
environment aggrades vertically and progrades seaward at the
same time. The resultant stratigraphic record will show a
vertical shift of the facies sequence over a horizontal distance
determined by the deltaic progradation rate during the period of

rising sea level.
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Figure 1.7 Hypothetical models of delta development
during a period of rising sea level

(modified from Curtis, 1970; Vail et al, 1977)
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The Ffaser Delta, on the southwest coast of British
Columbia, provides an opportunity to study the relationship
between Holocene sea-level fluctuations and the depositional
response of a delta. Coastal British Columbia has a history of
complex sea level changes during the Holocene period (Mathews et
al., 1970; Clague, 198l1; Clague et al., 1982). Many of these
changes were associated with isostatic adjustments following
retreat of ice sheets at the end of the late Wisconsinan Fraser
" Glaciation (Clague, 1983).

The Fraser Lowland region is known to have experienced a
sea level rise of approximately 12 metres during early to mid
Holocene time (Clague et al., 1983). At the commencement of this
period, the Fraser River floodplain was in place to the east of
New Westminster and growth of the Fraser Delta westward into the
Strait of Georgia was underway (Mathews and Shepard, 1962).

The delta aggfaded in response to the rise in sea level.
However, the manner by which aggradation occurred, whether by
renewed deltaic progradation following a marine transgression
(Fig. 1.7a), by vertiéal accretion about a geographically stable
shoreline (Fig. 1.7b), or by vertical and lateral accretion in é

depositional regression (Fig. 1.7c), remains unknown.

l.4 OBJECTIVES OF THE STUDY

The purpose of this research is to determine the manner in
which aggradation occurred over part of the Fraser Delta in
response to the mid-Holocene rise in sea level. This will be

achieved by establishing the depositional environments and
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chronology 6f deposits wunderlying Lulu Island (the northern
poftion of the delta).

It 1is anticipated that interpretation of the delta's
depositional evolution in terms of the hypothetical framework in
Figure 1.7, will not only provide information on the delta
itself, but also information of a wider, regional significance.
This includes:

(i) a better understanding of the depositional evolution of the

Fraser Delta and the adjoining Fraser River floodplain.
(ii) details of the Fraser Delta's vertical sedimentation and

lateral progradation rates during the Holocene.

(iii) a more precise and detailed Holocene sea level curve for
the Fraser Lowland region.
(iv) some insights into the Fraser River's post-glacial sediment

discharge rates.

1.5 METHODOLOGICAL APPROACH

In order to achieve the primary objective of this research
it will be necessary to establish paleoenvironmental
interpretations for the facies present in the subsurface of Lulu
Island. Facies are sedimentary units distinguished by their
lithologic, structural and  organic characteristics. The
paleoenvironmental interpretation of a subsurface facies is
based on a comparison of the external relations and internal
character of the facies with those of a deposit of a known

environment, particularly contemporary depositional environments
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(DeRaff, et'al., 1965).
| Selected characteristics of contemporary depositional
environments, usually some combination of 1lithologic and
biologic attributes, can be used to construct an interpretive
framework (Middleton, 1978; Miall, 1984).

The use of a range of attributes, both lithologic and
biologic, has the advantage of providing a broad basis for the
interpretive framework. This approach ensures a greater
confidence in paleoenvironmental interpretations applied to
subsurface facies. It also reduces the chance of
misinterpretation through overreliance on a particular aspect of
the subsurface deposit, which may not be wunigque to one
particular environment of deposition (Walker, 1984).

In this study, both lithologic and biologic attributes of
contemporary depositional environments will be used to construct
an interpretive framework. The 1lithologic attributes of mean
grain size and sorting, sedimentary structures and organic
matter content were selected on the basis of their ease of
recognition, both in contemporary environments and core samples.

In addition to these lithologic characteristics, two types
of microfossil were selected for incorporation into the
interpretative framework - pollen grains and foraminifera tests.
Both have previously been successfully applied to the
interpretation of depositional environments within drill cores.
Hebda (1977) used pollen analysis of core samples in a study of
the paleoecology of a raised peat bog on the Fraser Delta.

Foraminifera tests have been used to identify tidal marsh
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deposits and to locate former sea levels 1in drill cores from
coéstal deposits in California (Scott, 1977) and Atlantic Canada
(Scott and Medioli, 1980a). Foraminifera tests have also been
found in drill cores from the southern Fraser Delta (Roberts et
al., 1985),

Consequently, the research 1is divided into three main
areas;

1) the biosedimentological characterisation of contemporary
topset depositional environments on Lulu Island. These data
will be wused on a comparative basis to interpret facies
encountered in drill cores.

2) the establishment of the sedimentary framework of Lulu
Island on the basis of wvertical fécies sequences
encountered in drill cores.

3) the establishment of a chronology for the subsurface
deposits. This will be based on radiocarbon dating of
selected organic samples and the identification of tephra

layers encountered in drill cores.

1.6 ORGANIZATION OF THE TEXT

The text is organized into four sections containing nine
chapters, as follows (Fig. 1.8):
SECTION ONE: INTRODUCTORY MATERIAL
CHAPTER 1: INTRODUCTION. This chapter will provide a general
introduction to the topic and objectives of the research.
CHAPTER 2: THE STUDY AREA., A description of the study area will

be presented and previous work on the structure and evolution of



SECTION ONE: INTRODUCTORY MATERIAL
INTRODUCTION (CHAPTER ONE)
.DESCRIPTION OF STUDY AREA (CHAPTER TWO)

1

SECTION TWO: DATA COLLECTION
LITHOLOGIC CHARACTERISTICS OF
CONTEMPORARY DEPOSITIONAL
ENVIRONMENTS (CHAPTER THREE)

PALYNOLOG!CAL CHARACTERISATION
OF CONTEMPORARY DEPOSITIONAL
ENVIRONMENTS (CHAPTER FOUR) -

INTERPRETATIVE
FRAMEWORK

FORAMINIFERAL ZONATIONS ON e
THE LULU ISLAND TIDAL FLATS
- (CHAPTER FIVE)

LITHOSTRATIGRAPHY (CHAPTER SIX)

14C DATES
TEPHRA SAMPLES .

SECTION THREE: ANALYSIS /

N

CHRONOLOGY (CHAPTER EIGHT) FACIES INTERPRETATIONS
(CHAPTER SEVEN)
,/

T &

SECTION FOUR: DISCUSSION AND CONCLUSIONS
DISCUSSION AND CONCLUSIONS (CHAPTER NINE)
DEPOSITIONAL EVOLUTION OF THE DELTA
AND REGIONAL IMPLICATIONS

Figure 1.8 Flowchart outlining organization of the research and text
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the Fraser belta will be reviewed.
SECTION TWO: CONSTRUCTION OF INTERPRETATIVE FRAMEWORK

AND SUBSURFACE DATA COLLECTION

This section covers all aspects of field data collection.
The section begins with the characterisation of contemporary
depositional environments in order to a develop a comparative
framework for the interpretation of subsurface facies. This
consists of:
CHAPTER 3: LITHOLOGIC CHARACTERISTICS OF CONTEMPORARY

DEPOSITIONAL ENVIRONMENTS.

CHAPTER 4: PALYNOLOGICAL CHARACTERISATION OF CONTEMPORARY
DEPOSITIONAL ENVIRONMENTS.
CHAPTER 5: FORAMINIFERAL ZONATIONS ON THE LULU ISLAND TIDAL

FLATS.

The remainder of section two concerns the collection of
subsurface data to establish the lithostratigraphy of Lulu
Island and to obtain samples for Yc dating, tephra, grain size,
palynological and microfossil analyses. This is covered by:

CHAPTER 6: SUBSURFACE DATA COLLECTION.

SECTION THREE: ANALYSIS

This section concerns the environmental interpretation of
the subsurface deposits established in Chapter 6, on the basis
of the interpretive framework developed in section two (based on

the characteristics of contemporary depositional environments
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established'in chapters 3, 4 and 5). This is covered in:
CHAPTER 7: FACIES INTERPRETATIONS
This section also concerns the development of a chronology
for Lulu Island, based on '*C dating and identification of
tephra encountered in drill cores using XES analysis. This 1is
presented in:

CHAPTER 8: CHRONOLOGY.

SECTION" FOUR: DISCUSSION AND CONCLUSIONS

CHAPTER 9: DISCUSSION AND CONCLUSIONS. In this chapter, the
depositional response of the delta to the rise in sea level will
be examined and regional implications will be discussed. The
major findings of the study will be summarized at the end of the

chapter.
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CHAPTER TWO

THE STUDY AREA

This chapter presents a description of the physiographic
setting of the Fraser Delta and the nature and extent of its
contemporary depositional environments. Previous work on late
Quaternary sea-level fluctuations in the study area and on the

structure and evolution of the delta, is briefly reviewed.

2.1 PHYSIOGRAPHY

The Fraser Delta is located at the western edge of the
- Fraser Lowland where the Fraser River enters the Strait of
Georgia, a semi-enclosed marine basin 1lying between Vancouver
Island and mainland British Columbia (Fig. 2.1).

The subaerial portion of the delta covers some 400 km? and
extends from its apex in the vicinity of New Westminster 15-23
km west and south to meet the sea along a perimeter
approximately 40 km in length.

The delta's four main distributary channels all discharge
into the Strait of Georgia‘across the western delta front. The
southern delta front has remained relatively inactive since the
delta joined up to the former island of Point Roberts and cut

off the supply of Fraser River sediment entering Boundary Bay.
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The delta is fringed by extensive tidal flats, which, on
thevwestern side of Lulu Island, extend some 6 km seaward to the
lower low water level. The tidal flats form part of a gently
sloping platform (ca. 0.05°) which meets the delta's foreslope
at a pronounced break in slope approximately 7 km offshore at a
depth of about 9 metres below 1lowest normal tide level
(Luternauer and Murray, 1973).

The foreslope typically slopes at about 1.5° to meet the
floor of the Strait &t a depth of approximately 300 m, some 17
km seaward of the subaerial delta (Mathews and Shepard, 1962).
In its upper reaches, where it is cut by gullies, the foreslope
can be inclined up to 23° (Luternauer, 1980).

‘Sediment is suppied to the delta by the Fraser River,
which, with a total length of more than 1200 km and a drainage
area in excess of 230000 km?, is the largest river reaching the
west coast of Canada (Mathews and Shepard, 1962). The river has
a pronounced freshet in late spring and early summer when flows
range up to 15000 m3 s™! and average more than 4000 m® s,
Flows are generally below 1500 m3 s™!' during the rest of the
year. About 80 - 85% of river flow passes through the Main Arm
(Fig. 2.1), with the remainder fairly evenly distributed between
the other three distributary channels (Luternauer and Murray,
1973).

Approximately 80% of the annual sediment load of 12 to 30
million tonnes 1is discharged during the freshet period. The
sediment is markedly sandy, with sand accounting for more than

30% of the annual sediment discharge passing Port Mann near the
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apex of the'delta (Milliman, 1980).

Much of this sand is initially deposited on the
distributary channel floors, though it continues moving seaward
as bedload during high flows (Kostaschuk, 1986). Some 4 million
tonnes of this sediment is now dredged annually from the North
Arm and Main Channel. This material is dumped on the channel
margins and in deeper water offshore, removing it from estuarine
circulation (Luternauer, 1980),

Dyking has been carried out along distributary channels and
the landward edge of the tidal flats since the late 1800's. The
dykes, in preventing flooding of the delta's terrestrial surface
due to extreme high tides or river discharges, have also
prevented the continuation of natural overbank sedimentation
(Clague and Luternauer, 1983),

The dykes, together with extensive drainage ditch networks,
have resulted in the general lowering of water tables and a
reduction in the area of bogs and marshes on the delta surface
(North et al., 1984).

Natural sedimentation at the delta front has also been
modified by the construction of Jjetties (Fig. 2.1), which
interrupt longshore transport and increase resuspension of sand
in the outer estuary by channelizing flow (Milliman, 1980;
Kostaschuk and Lutérnauer, 1987).

Sediment arriving at the delta front is subject to wave and
tide reworking. Tides are of the mixed semi-diurnal type. The
range of spring tides approaches 5 metres at the mouth of the

Main Channel (Ages and Woollard, 1976). The strongest winds
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generally blow from a westerly direction, generating waves over
the delta foreslope that average 0.6 metres in height and range
up to a maximum significanﬁ wave height of about 1.5 metres

(Hoos and Packman, 1974).

2.2 CONTEMPORARY DEPOSITIONAL ENVIRONMENTS

The distribution of surficial sediments on Lulu Island has
been studied in considerable detail (Johnston, 1921; Armstrong,
1956, 1957; Armstrong and Hicock, 1980a, 1980b; Medley and
Luternauer, 1976; Luternauer, 1980). On the basis of these
studies, and combining observations made in this study, a map
was produced of contemporary sedimentary environments associated
with the prodelta (foreslope) and intradelta (subaqueous
platform, tidal flats, floodplain, peat bog and river channels)
regions (Fig. 2.2). |

The following sections contain a brief review of the nature
and extent of contemporary depositional environments on the
delta, based on the findings of the studies listed above.
Details of the biosedimentological characterization of selected
contemporary depositional environments carried out for this

study, will be presented in later chapters.

2.2.1 FORESLOPE

Off Lulu 1Island, foreslope sediments generally become
progressively finer with increasing water depth (Johnston, 1921;

Mathews and Shepard, 1962; Luternauver and Murray, 1973; Pharo
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and Barnes,'l976).

Foreslope environments in the immediate vicinity of the
Main Channel are characterized by silty fine sand, having a mean
grain size of the order 0.125 - 0.25 mm. North of the Main:
Channel, upper foreslope sediments are somewhat finer,
consisting of sandy silt and silty sand, with mean grain sizes
in the range 0.031 - 0.125 mm. Foreslope samples from a water
depth of about 100 m have yielded mean grain sizes of the ordér
0.01 mm (Luternauer and Murray, 1973).

Sand content is generally less than 5% below 100 m water
depth. Sediments at the base of the foreslope, at a water depth
of about 300 m, are characterized by clayey silt (Mathews and
Shepard, 1962).

The foreslope sediments are inclined parallel to the
submarine slope and, in places, consist of pcorly developed and
irregular laminations of fine sand and sandy to clayey silt
(Johnston, 1921; Mathews and Shepard, 1962; Luternauer et al.,
1986).

In the wvicinity of distributary channel mouths, the
foreslope 1is cut by gullies formed by mass wasting or turbidity
currents (Mathews and Shepard, 1962; Luternauer, 1980). Mass
movements of sediment down these gullies contribute to the
redistribution of deposits on the delta slope and are
responsible for 1localized deformation of foreslope sediments
(Mathews and Shepard, 1962; <Clague and Luternauer, 1983;

Luternauer and Finn, 1983; McKenna and Luternauer, 1987).
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2.2.2 SUBAQUEOUS PLATFORM

The subaqueous platform (Fig. 2.2) consists of gently
inclined deposits (ca. 0.5°) lying between 1lowest normal tide
level and the break in slope 2 m below lowest normal tide level.
This break in slope marks the beginning of the delta's foreslope
and also coincides with the maximum depth of vigorous wave and
current turbulence (Luternauer and Murray, 1973).
Physiographically, the subaqueous platfogm is the seaward
extension of the delta's tidal flats (Fig. 2.2) and, in the
terminology of Gilbert (18%0), forms the base of the delta's
"topset" deposits.

Sediments of this zone consist of well-sorted 0.125 - 0.35
mm sand. Sand 1in this size range is discharged through the
distributary channels duringyperiods of high flow. This sediment
is presumably distributed along the delta front by 1longshore

drift (Luternauer and Murray, 1973).

2.2.3 TIDAL FLATS

Landward of lowest normal tide 1level, the subaqueous
platform merges with laterally extensive tidal flat deposits.
The tidal flats form a very gently inclined (ca. 0.05°) 6 km
wide platform fringing the subaerial delta (Fig. 2.2).

The lower tidal flats érea consists of a 4 km wide zone of
sandy deposits, which rise up to 1.8 m above lowest normal tide
level on their landward edge. This =zone 1is sedimentologically

similar to the subaqueous platform. The deposits consist of
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well—sorted'fine to medium sand (0.125 - 0.35 mm), generally
1a¢king any vegetation (Luternauer and Murray, 1973).
Hydrodynamic structures are common, ranging from widespread
small wave and current ripples, to patches of low (< 0.5 m),
long wavelength (50 - 100 m) sand swells, apparently formed by
wave action (Luternauer, 1980).

The 1lower tidal flat sands grade landward into a 1 - 2 km
wide zone of silts, sands and sandy silts, containing isolated

patches of eelgrass (Zostera sp.) and "bulrush (Scirpus sp.)

vegetation (Medley and Luternauer, 1976). Mud pools (silt
accumulations in excess of 0.6 m thick) and dendritic drainage
networks of tidal channels are found in this area (Luternauer,
1980). The landward boundary of these deposits coincides
approximately with mean sea level (about 2.8 m above lowest
normal tide level - Swan Wooster Engineering Ltd., 1967), giving
this zone a vertical extent of about 1 m. |

The wupper tidal flats, a zone 1 - 1.5 km wide west of the
dyke, consists of tidal marsh (Fig. 2.2). This zone contains
abundant vegetation, mainly sedges and rushes. Species density 
and diversity generally increases landward. Sediments consist of
organic-rich clayey to fine sandy silt. The mean grain size of
these deposits generally decreases landward, reflecting reduced
wave and tidal energy at higher marsh surface elevations
(Hutchinson, 1982). The marsh extends up to the base of the dyke
at an elevation of about 4.4 m above lowest normal tide level,

giving the marsh zone a vertical extent of about 1.6 m.
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2.2.4 FLOODPLAIN

Floodplain deposits are found within the dyked portion of
the delta (Fig. 2.2). These sediments are flat lying to very
gently inclined (< 1°) and generally extend up to 1 - 2 m above
mean sea level (Clague and Luternauer, 1983). The deposits
consist of organic-rich sandy to clayey silts of overbank origin
(Armstrong and Hicock, 1980a, 1980b) . These sediments
accumulated in fresh and brackish water marshes and swamps
during periodic flooding by the Fraser River (Clague et al.,
1983).

The floodplain sediments overlie, and grade into, tidal
marsh deposits. Although similar sedimentologically, the two can
be distinguished on the basis of their organic content;
floodplain deposits, for example, commonly contain small amounts
of pollen and spores from fresh water plants, including water

plantain (Alisma plantago-aquatica), scouring rush (Equisetum

sp.), skunk cabbage (Lysichiton americanum) and buckbean

(Menyanthes trifoliata). Pollen of these freshwater species is

rare or absent in tidal flat sediments (Clague and Luternauer,

1983).

2.2.5 PEAT BOG

Much of the eastern part of Lulu Island is covered by peat
bogs (Fig. 2.2). Peat began to accumulate when the floodplain of
Lulu 1Island was built high enough to avoid regular flooding by

the river and the sea (Clague et al., 1983). These organic
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accumulatioﬁs are typically 2 - 3 m thick and, in places, have a
surface elevation in excess of 3 m above sea level (Styan, 1981;
Styan and Bustin, 1984).

The bogs have a marked vertical successional sequence
beginning with a basal layer of sedge-grass peat, follcwed by
sedge-sphagnum peat and, finally, ericaceous and pure sphagnum
peats, representing the climax biofacies. This sequence
represents the change from brackish to fresh water conditions,
accompanying the progressive elevation of the bog surface above
sea level (Clague et al., 1983; Styan, 1981; Styan and Bustin,
1984; Hebda, 1977).

2.2.6 RIVER CHANNELS

The principal distributary channels of the delta are
scoured to depths of up to 22 m below sea level. They are
floored by medium to coarse sand, containing scattered pebbles
and gravel lenses (Mathews and Shepard, 1962).

An abandoned distributary, comparable in size  to the
present Main Channel, cuts across the peat deposits on eastern
Lulu 1Island (Fig. 2.2). The channel fill deposits consist of
fine to medium sand, overlain by about 2 m of organic-rich silt.
The channel sands contain characteristic fluvial structures,
including fining-upward sequences, erosional contacts and gravel
lag layefs (Roberts et al, 1985).

The fact that peat has not yet covered this former
distributary suggests that it was abandoned fairly recently,

probably within the last 5000 years (Mathews and Shepard, 1962;
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Clague and Luternauer, 1982). The abandoned distributary forms
the only gap in the peat deposits not now occupied by an active
channel, attesting to the stability of the delta's

distributaries during late Holocene time (Clague et al., 1983).

2.3 LATE QUATERNARY SEA LEVEL FLUCTUATIONS IN THE FRASER LOWLAND

REGION

The Fraser Glaciation (late Wisconsinan) reached its
maximum extent during the Vashon Stade, approximately 15000 yr
BP (Mullineaux et al., 1965; Heusser, 1973). At this time, the
Fraser Lowland was completely covered by a 1lobe of the
Co;dilleran Ice Sheet, which extended a further 280 km to the
south (Clague, 1983).

Evidence provided by glacial erratics and glaciated
surfaces in the southern Coast Mountains, suggests that the
Vashon Ice Sheet attained a thickness of at least 1800 m in the
Fraser Lowland area (Mathews et al., 1970). The weight of the
ice caused isostatic depression of this.region of at least 275
m, which more than compensated for the eustatic lowering of sea
level of about 75 m (Mathews et al., 1970; Clague, 1983).

Consequently, during and immediately following retreat of
the Vashon Ice about 13000 yr BP (Fulton, 1971), the sea invaded
the Fraser Lowland region up tc an elevation of at least 200 m
above present sea level (Armstrong, 1981).

Isostatic rebound proceeded rapidly following removal of
the 1ice 1load. Raised glacio-deltaic deposits in the Fraser

Lowland suggest that sea level fell to about 40 m elevation by
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around 11506 yr BP (Clague and Luternauer, 1983) and reached its
present level between 11000 and 10000 yr BP (Clague, 1981).

Emergence of the Fraser Lowland continued, causing the sea
to drop below its present level.:widespread terrestrial organic
deposits occur 10 to 11 m below present sea level beneath the
floodplain of the Fraser River and its tributaries (Mathews et
al., 1970). Radiocarbon dates on these deposits range from 7300
+ 120 yr BP (S-99) to 8360 + 170 yr BP (GSC-225) (Clague, 1980).
These deposits are interpreted as peat accumulations on a former
alluvial surface, graded to a sea level in the Strait of Georgia
about 12 m lower than at present (Clague et al., 1982, 1983).

The low stand of the sea in the early Holocene, resulting
from isostatic rebound, was followed by a relative rise in sea
level which continued until at 1least mid-Holocene time. This
rise 1in sea-level was apparently eustatic in nature, as it
conforms to the general pattern of global eustatic sea-level
curves (Mathews et al., 1970). Contrasting sea-level histories
héve been reported from other parts of  British Columbia (e.g.
Queen Charlotte Islands, western Vancouver Island), suggesting
that tectonic movements have also played an important role in
some areas (Clague et al., 1982).

The Dbase of peat bogs on the Fraser Delta, lying 0 - 2 m
below present sea level, have been dated at 4650 + 80 yr BP
(GSC-3045) to 5510 + 80 yr BP (GSC-3066). This suggests that the
sea was within 2 m below its present level by about 5000 years
ago (Clague et al., 1983).

A buried peat bed, 1.5 m below high tide level at Boundary
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Bay (Fig. '2.1), has been radiocarbon dated at 4350 + 100 yr BP
(GX-0781). This evidence indicates that sea level was about 1.8
m lower than at present at that time (Kellerhals and Murray,
1969; Mathews et al., 13970; Clague et al., 1982).

Palynological analysis of peat deposits on the Fraser Delta
has shown that terrestrial organic sedimentation has continued
without interruption for approximately the last 5000 years,
precluding a rise in sea level of more than 1 to 2 m during this
period (Hebda, 1977; Clague et al., 1982). This evidence, and
the widespread occurence of intertidal silts and sands (reported
from engineering excavations) a few metres beneath the western
part of the Fraser Delta, suggests that sea level has remained
comparatively stable during the 1latter half of the Holocene
period (Clague et al., 1982).

In summary, post-glacial sea level history in the Fraser
Lowland region is characterised by rapid emergence of the land
following de-glaciation; a low stand of about -12 m during the
early Holocene; a relative rise in sea level up to about its
present position by mid-Holocene time; and, a comparatively
stable Sea leQel during the last 5000 years (Clague et al., 1982
- Fig. 2.3).

2.4 PREVIOUS WORK ON THE STRUCTURE AND EVOLUTION OF THE FRASER

DELTA

2.4.1 STRUCTURE OF THE DELTA

Knowledge of the subsurface of the delta is fairly limited.
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Much of 'the information presently available consists of
driller's logs from shallow bore-holes drilled for engineering
studies. Many of these drill-holes are too shallow to reach the
base of the delta, but they do 1indicate that the depth of
deltaic deposits exceeds 100 m over a considerable area (Maﬁhews
and Shepard, 1962).

Mathews and Shepard (1962), classified the delta's deposits
in terms of "topset" and "foreset" beds, in accordance with the
‘classic delta model of Gilbert (1890) (Fig. 1.1). They point
out, however, that the Fraser "foreset" beds are much less
steeply inclined than their counterparts in the raised
Pleistocene deltas described by Gilbert; and that there is no
obvious distinction between "foreset" and "bottomset" beds on
the present Fraser Delta front. In contrast to Gilbert's model,
the Fraser "foreset" beds are seemingly 1indistinguishable from
the clayey silt pro—aelta deposits that mantle the uneven floor
of the Strait.

In other respects, the classification of the Fraser Delta
does resemblé Gilberf's model, <consisting of a very gently
inclined (ca. 0.005°) blanket of "topset" deposits (channel
sands, floodplain silts, peat bog, intertidal and subaqueous
platform sediments) overlying a wedge of gently inclined (ca.
1.5%) "foreset" deposits (interbedded sand, sandy silt, silt and
clayey silt), which mantlé the pre-existing topography (Mathews
and Shepard, 1962).

There is no evidence that subsidence has had a significant

influence on the internal structure of the delta. Although
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natural comﬁaction of sediment upon incorporation into the delta
foreslope is substantial, involving volume reductions of up to
46%, much of this compaction occurs soon after burial, almost
entirely beneath the delta front or tidal flats (Mathews and
Shepard, 1962). Thus, little additional settlemént is
anticipated within the deposits underlying the terrestrial part
of the delta.

The lack of significant subsidence effects in the
development of the delta is supported by evidence from Burns Bog
on the southern part of the delta. The base of the bog, dated at
about 5000 yr BP, generally lies within 2 m below mean sea level
(Mathew et al.,, 1970; Hebda, 1977), indicating that subsidence
of the 1land surface could not have exceeded 2 m in the 5000
years since the bog's formation.

Clague et al. (1983), produced a generalized vertical
section through thé delta based on bore-hole records (Fig. 2.4).
Again, this model is characteristic of the Gilbert-type delta,
in that the succession of sedimentary deposits from bottom to
top of the sectidn is the same as the lateral succession of

present-day depositional environments on the Fraser River Delta.

2.4.2 AGE OF THE DELTA

Johnston (1921) estimated the average rate of advance of
the western delta front to be 10 feet per year. This was based
on a comparison of seven spot soundings made in 1859 and 1919 in
the vicinity of the mouth of the Main Channel. Assuming the same

rate of advance for the entire growth of the delta from its apex
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at New Westﬁinster, 80000 feet to the east, a figure of 8000
years was proposed for the age of the delta.

Johnston's estimated average rate of advance of 10 feet per
year 1is based on a very limited data set, from a relatively
small portion of the foreslope. The actual average rate of
advance of the entire delta front could vary considerably from
Johnston's estimate (Clague and Luternauer, 1983).

The assumption that the delta has advanced at a constant
rate during 1its growth 1ignores possible variations in water
depth, delta front length and sediment supply, as the delta
built forward (Mathews and Shepard, 1962; Clague and Luternauer,
1983).

More recent estimates of the delta's age are based on
radiocarbon dates and the reconstruction of sea level
fluctuations 1in the Fraser Lowland region. Mathews and Shepard
(1962) note that higher sea levels precluded development of the
modern delta until at least 11000 yr BP. However, a radiocarbon
date from peat deposits suggests that the Fraser River
floodplain had advanced to within 8 km of the delta's apex (i.e.
the wvicinity of Port Mann - Fig. 2.1) prior to 7300 + 120 yr BP
(8-99). Thus, development of the modern delta has probably taken
not less than about 7300 years and not more than 11000 years
(Mathews and Shepard, 1962).

Clague et al. (1983), proposed that the Fraser River
transported much larger amounts of sediment at the close of the
FPleistocene than it does today. They suggested that the sediment

supply was increased initially' by the erosion of unvegetated
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drift—coverea slopes immediately following de-glaciation (Church
and Ryder, 1972). Later, as the drift-covered slopes became
stabilized by vegetation, high sediment loads were nevertheless
maintained as rivers incised their earlier deposits, partly to
attain grade with a falling sea level, and partly in response to
a reduced sediment supply.

On the basis of these assumptions, it was proposed that the
progradation of the Fraser River floodplain proceeded rapidly
and that the modern Fraser River Delta began building out from
New Westminster by about 10000 yr BP (Clague et al., 1983 -
their Fig. 6).

A recently obtained radiocarbon date indicates a somewhat
younger age for the delta. A date of 9490 + 250 yr BP (GSC 3919)
was obtained on a wood fragment from approximately 55 m below
the surface of the delta in the vicinity of New Westminster. The
wood was recovered from a drill core containing sandy to clayey
silt with scattered shell fragments (R. Blunden, personal
communication). This material probably represents pro-delta
deposits laid down in front of the advancing Fraser River
floodplain (W. H. Mathews, personal communication). This .date
suggests that the terrestrial surface of the delta did not

emerge into the Strait of Georgia until about 9000 yr BP.

2.4.3 EVOLUTION OF THE DELTA

The Fraser River Delta started forming approximately 9000
years ago, when the prograding Fraser River floodplain reached

the vicinity of New Westminster and the terrestrial surface of
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the Fraser belta first emerged into the Strait of Georgia (Fig.
2.1). At this time, sea level was lower than at present (Fig.
2.3) and may have been falling relative to the land (Mathews and
Shepard, 1962; Mathews et al., 1970; Clague et al., 1982, 1983).

Sea level reached its lowest position of about -12 m prior
to about 8000 years BP and remained stable.long enough for peat
deposits to accumulate on alluvial surfaces 1in the Fraser

Lowland (section 2.3). Between about 9000 and 8000 BP, a fairly

extensive '"proto-delta", graded to the -12 m sea level, is

thought to have developed to the southwest of New Westminster

over a distance 6f at least 15 km (Clague and Luternauer, 1983;

Clague et al., 1983). Evidence for the existence of an early

"proto-delta" buried beneath more recent deltaic deposits,

includes the following (Clague and Luternauer, 1983; Clague et

al., 1983);

1) peat deposits 7300 + 120 yr BP (S-99) to 8360 + 170 yr BP
(GSC-225), 10 to 11 m below the western Fraser River
floodplain. It has been suggested that the peat rebresents
organic accumulations on an alluvial surface, which is 1likely
to have extended west of New Westminster onto the former

terrestrial surface of the "proto-delta”.

2) 6400 + 197 yr BP (WAT-369) intertidal sediments at a shallow
depth beneath Lulu Islénd, indicating that tidal flats were
present more than 15 km southwest of New Westminster by about
6400 years ago and that a substantial subaerial "proto-delta"

was 1n existence prior to this time.
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3) the presence of ca. 6800 year old Mazama tephra (Bacon, 1983)

at a shallow depth beneath eastern Lulu 1Island, again
indicating that substantial deltaic deposits had formed prior

to this time (Blunden, 1973, 1975).

After about 8000 yr BP, the sea rose until it was within 2
m of 1its present level by about 5000 yr BP (Fig. 2.3). During
this period, aggradation is known to have occurred on the Fraser
River floodplain (Clague et al., 1982). Beneath the floodplain
at Pitt Meadows, peat at about -10 m elevation and dated 7710 +
80 yr BP (GSC-3099), is overlain by 11.5 m of silt and sand
interpreted as estuarine sediments deposited under aggradational
conditions (Clague et al., 1982; 1983) (Fig. 2.5).

A tephra bed, assumed to be Mazama, occurs above the peat
at an elevation of about -5 m (Fig. 2.5). This suggests that
the sea probably rose about 5 m relative to the land between
about 7700 and 6800 yr BP (Clague and Luternauer, 1983).

’ The occurrence of 4650 + 80 yr BP‘(GSC—3045) to 5510 + 80
yf BP (GSC-3066) terrestrial deposits at the base of the large
peat bogs covering most of the eastern delta surface, indicates
that aggradation also occurred on the Fraser "proto-delta"
during the period of rising sea level.

Although there 1is some speculation that a marine
transgression accompanied aggradation on the "proto-delta"
(Clague and Luternauer, 1983; Clague et al., 1983), the manner
by which aggradation commenced and details of the resulting

facies sequence underlying the eastern delta region remain
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largely unkﬁown.

The rise in sea level had slowed considerably by about 5000
yr BP (Fig. 2.3). At this time, the sea was within 2 m of its
present level and peat was beginning to accumulate on the
emergent eastern part of the delta. During about the last 5000
years the sea probably rose no more than 1 - 2 m to its present
level (Clague and Luternauer, 1983). Progradation of the delta
since about 5000 yr BP has proceeded under comparatively stable
sea level conditions.

During this period, the eastern surface of Lulu Island has
been built vertically to 1 to 2 m above present sea level by
overbank sedimentation and to in excess of 3 m by peat
accumulation. On the western part of Lulu Island, progradation
of the delta front during a relatively stable sea level has
resulted in a fairly wuniform blanket of floodplain deposits

overlying intertidal sediments.
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CHAPTER THREE

LITHOLOGIC CHARACTERISTICS OF CONTEMPORARY

DEPOSITIONAL ENVIRONMENTS

3.1 INTRODUCTION

This chapter deals with the lithologic characterisation of
selected contemporary depositional environments on Lulu Island.
Previous studies (section 2.2) indicate that the most pronounced
lithologic contrasts are found within the intertidal zone.
Floodplain sediments are lithologically similar to tidal marsh
deposits and are more readily distinguished by palynological
analyses (section 2.2.4). Subaqueous platform deposits are
lithologically similar to lower tidal flat sands (section
2.2.2).

In order to construct an effective interpretive framework,
environmental attributes selected for inclusion must be of
sufficient contrast between different énvironments to enable the
deposits of those environments to be readily distinguishablé.
Where two environments are very similar in terms of a particular
attribute (e.g. 1lithology), some other attribute(s) (e.qg.
palynology) must be 1incorporated into the interpretative
framework to differentiate the two environments.

Consequently, the subaqueous platform and floodplain were
excluded from 1lithologic characterization, since deposits of
these environments are lithologically similar to those  of the

lower tidal sands and upper tidal marsh, respectively, and can
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not be disfinguished from these deposits on the basis of
liﬁhologic criteria;

Only the lithologically-contrasting deposits of the
environments forming the contemporary intertidal surface
fringing Lulu 1Island (Fig. 2.2) were examined for their
lithologic character. Previous studies (section 2.2.3) have
indicated that three major depositional environments are
present; the unvegetated 1lower tidal sands; the partially
vegetated mid tidal silts and sands, and the vegetated upper

tidal marsh.

3.2 FIELD PROCEDURES

Although grain size characteristics can often be assessed
reasonably accurately by field observation alone (Miall, 1984b),
it was decided to wuse field observation in conjunction with
laboratory analysis of a limited number of samples, to provide a
degree of quantitative support.

Data were collected by walking oﬁt onto the intertidal
surface at low tide in order to observe the lithologic character
of the intertidal environments and to carry out sampling of the
surficial deposits.

Surface observations consisted of the visual assessment of
grain size characteristics and the relative abundance of
vegetation. Observations were made during the summer growing
season when the intertidal vegetation cover was well developed.
The locations of the seaward edge of continuous marsh vegetation

and the landward edge of the lower tidal sands were also noted
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whenever théy were encountered.

| Data were plotted onto a topographic map of the tidal flats
produced for the National Harbours Board by Swan Wooster
Engineering of Vancouver (Swan Wooster Engineering, Co., 1967).

Positioning on the tidal flats was determined on the basis
of several compass bearings on fixed objects onshore, giving an
estimated accuracy of 50 m.

Grab samples of surficial sediments were obtained from
widely scattered 1locations over the intertidal surface (Fig.
3.1). Sampling of the most outlying part of the lower tidal
environment was, however, limited to one excufsion in the north
of the intertidal zone due to a limited number of sufficiently
low tides during the sampling period and the difficulty of
access to this environment.

Sedimentary structures within the deposits were observed in
the banks of tidal channels and in shallow trenches dug into the
intertidal surface. In addition, five cores were obtained along
a . transect from the upper to the lower tidal zone (Fig. 3.1).
The four most seaward cores were obtained by driving short (-<
1.5 m) plastic tubes into the intertidal surface. Adjacent to
the dyke, in the upper tidal marsh, a 4.5 m long core was
obtained, using a vibracorer.

In addition to  allowing the subsurface of the intertidal
zone to be examined, the cores also enabled an assessment to be
made of the degree to which the lithologic characteristics of
contemporary intertidal environments are incorporated into

subsurface facies.
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3.3 LABORATORY ANALYSIS

The cores from the intertidal =zone were split open and
visually logged for mean grain size and sorting, sedimentary
structures and organic matter content. Samples for grain size
analyses were taken from the top of each core and from several
depths within each core. Grain size distributions were
determined for the 47 grab samples from the intertidal surface.
Wet sieving at half phi intervals was ﬁsed to analyse the sand
size fractions. The silt and clay fractions were analysed on a
Sedigraph 5000 particle size analyser. Folk and Ward's (1957)
grain size parameters were computed for each grab sample and

core sample (Appendix 1).
3.4 RESULTS

3.4.1 INTERTIDAL SURFACE SAMPLES

A plot of mean grain size against sorting indicates that
‘the 47 grab samples from the intertidal surface fall into three
distinct groupings on the basis of their grain size
characteristics (Fig. 3.2). These data were used in conjunction
with observations made on sedimentary structures and the
relative abundance of 1incorporated organic material 1in the
deposits to delimit three lithologically contrasting intertidal
environments (Fig. 3.3).

The boundaries of these environments do not coincide with

previously-documented divisions of the intertidal surface, which
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are Dbased ﬁainly on vegetation cover rather than a combination
of‘lithologic attributes (see section 2.2.3). Therefore, for the
purposes of this study, these environments have been given the
new designations:

Tidal marsh zone
Transition zone

Sand flat zone

The 1lithologic characteristics of each of these three

intertidal zones are described in the following sections.

The tidal marsh zone, the most » landward of these
environments, consists of a 1large part of the continuously
vegetated intertidal surface. The deposits in this zone are
moderately sorted in comparison to the other intertidal
environments (Fig. 3.2), and consist of very fine clayey silt.
Sand content in the grab samples from this zone was in many
cases zero and reached a maximum of only 7% (Appendix 1).

There is a dense vegetation cover throughout the tidal
marsh zone (Fig. 3.4). Examination of channel banks and trenches
indicates that abundant organic material is incorporated into
the subsurface deposits. Although heavily bioturbated, the
subsurface exposures also display clearly visible horizontal

stratification (Fig. 3.5).

The most seaward environment, the sand flat zone, consists

of unvegetated, relatively well sorted sandy sediments (Fig.



Figure 3.5 Exposed channel bank in the
tidal marsh zone
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3.2). Sand éontent in grab samples from this environment ranged
from 92 to 99% (Appendix 1). Sedimentary structures, ranging
from small-scale current ripples (Fig. 3.6), to large-scale low
amplitude (< 0.5 m), long wavelength (50 - 100 m) sand swells,
are common in this zone. ‘

The subsurface of the sand flat 2zone was examined 1in a
number of shallow trenches. Sedimentary structures, although
common on the surface, were not wvisible in the subsurface.
Organic material was very rarely observed. Generally, the
subsurface of the sand flat zone <consisted of clean, massive

sands.

The transition zone, lying between the tidal marsh and}sand
flat zones (Fig. 3.3), contains the least well sorted sediments
of all three intertidal environments (Fig. 3.2). Grab samples
from this 2zone have sand contents ranging from 14 to 78%
(Appendix 1).

This zone includes the leading edge of the continuously
vegetated intertidal region, as well as isolated patches of
vegetation. The vegetated areas often contain a thin veneer of
silt overlying sandier sediments below (Fig. 3.7). Sediment
textures in unvegetated parts of this zone vary from silty fine
sand to fine sandy silt.

Examination of the subsurface of this zone in trenches and
channel banks, revealed a similar variation in sediment texture
as 1is present across the surface. Grédations from mostly fine

sand to mostly silt are common. There are occasional sharp



Figure 3.6 Yiew of the sand fiat zone

Figure 3.7 Silt encroaching on rippled sand
in the transition zone
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contacts, ’overlain by coarser sediment, presumably marking the
location of former tidal channels or storm wave deposits.

Bedding, as revealed by silt layers, is roughly horizontal
and often disturbed by bioturbation. Occasional shallow angle
(ca. 10%°) cross bedding, presumably formed by tidal channel
point bar migration, was also observed. Organic material is
common near the surface, but declines rapidly with depth.
Alternations of finer and coarser sediments with depth are
frequently observed in the subsurface, but overall a general

coarsening of the deposits with depth is apparent.

3.4.2 SUBSURFACE FACIES OF THE INTERTIDAL ZONE

The intertidal core logs were used to construct a shallow
lithostratigraphic cross-section across the intertidal deposits.
The section reveals that there is a clear correspondence between
the lithologic characteristics of the contemporary intertidal
environments and the 1lithology of the subsurface facies (Figqg.
3.8). | |

Environmental interpretations of core lithofacies suggests
that only the relatively deep core (D4l) from the upper tidal
marsh zone penetrated underlying deposits corresponding to the
other intertidal environments. This is confirmed by a plot of
mean grain size and sorting values of the core samples onto a
bivarate plot containing the enevelopes defined in Figure 3.2
(Figure 3.9).

Samples from the upper part of core D41, from 50, 100 and

150 cm depth, plot within the previously defined tidal marsh
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envelop (sec£ion 3.4.1). The sample from a depth of 200 cm was
apparently formed 1in the transition zone, having grain size
characteristics corresponding to the transition =zone envelop.
The deeper samples from core D41, from 250, 300 and 350 cm, all
plot within the sand flat zone envelop (Fig. 3.9).

Certain aspects of the variation of core 1litholgy with
depth were particularly prominent when visually logging the
cores and may provide useful interpretive criteria. The base of
the tidal marsh facies corresponds to a marked decrease in the
abundance of incorporated organic material. It was also at this
depth that sand sized sediments first became apparent within the
cores.

Deposits corresponding to the transition zone displayed a
marked variation in sediment sizes, wusually consisting of a
downcore alternation of fine sand and silt. Organic material is
scattered throughout these deposits and generally decreases in
abundance with depth.

The beginning of the sand flat facies corresponds to the
appearance of medium sand (0.25 - 0.5 mm) in the cores and the

virtual absence of silt and organic material.

3.5 DISCUSSION AND SUMMARY

On the basis of both field observation and grain size
analyses of surface samples, three 1lithologically contrasting
intertidal environments have been defined - the sand flat zone,
the transition zone and the tidal marsh zone.

The contrast 1in 1lithologic characteristics is most
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pronounced 'between the tidal marsh and sand flat zones. In
moving from the former to the latter environment, an increase in
typical mean grain sizes approaching two orders of magnitude is
observed and deposits rich in incorporated organic matter give
way to deposits virtually free of organic material. Lying
between these two extremes, the transition 2zone combines
elements of both environments, resulting in its own distinctive
lithologic character.

It 1is probable that the lithologic zonation of the tidal
flats reflects wave and tidal energy thresholds on the
intertidal surface. Relatively low energy conditions prevail in
the tidal marsh zone due to wave attenuation on the lower and
mid tidal flats, relatively shallow depths of inundation and the
hydraulic resistance offered by the dense stands of tidal marsh
vegetation (Hutchinson, 1982).

The seaward boundary of the tidal marsh =zone presumably
reflects the threshold above which wave and tidal energy is
insufficient to transport significant guantities of sand sized
sediment. |

The transition =zone is apparently subject to a wider
variation in energy regimes. In places, sandy sediments dominate
the surface deposits, suggesting relatively high energy
conditions. Elsewhere, the hydraulic resistance offered by

pioneering bulrush (Scirpus sp.) stands produces localized low

energy environments and resultant silt accumulation (Fig. 3.7)
(Hutchinson, 1982). Shoreline configuration and the sheltered

landward sides of sand swell fields also appear to create
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localized iow energy environments in the mid tidal area
(Luternauer, 1980).

The sand flat zone, on the 1lower tidal flats, 1is a
relatively high energy environment. This part of the intertidal
surface is exposed to the full force of waves and tidal
currents. There is no protective vegetation cover to slow. the
movement of water or bind the surface sediments together.
Inundation occurs frequently, for long periods and up to depths
of several metres.

The landward boundary of the sand flat zone presumably
corresponds to the threshold below which wave and tidal energy
is sufficient to preclude the long-term deposition of silt and
clay sized sediment.

Shallow coring of the intertidal zone 1indicates that the
lateral succession of 1lithologic characteristics across the
intertidal surfacé is incorporated into a vertical sequence of
distinctive lithofacies in the subsurface.

A generalized facies model for the Lulu Island intertidal
deposits can now bé established (Fig. 3.10). The model consists
of "a generalized lithofacies assemblage, based on the internal
characteristics of the intertidal 1lithofacies, their vertical

order and typical extent.
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CHAPTER FOUR

PALYNOLOGICAL CHARACTERIZATION OF CONTEMPORARY

DEPOSITIONAL ENVIRONMENTS

4,1 INTRODUCTION

The next two chapters detail characteristic microfossil
assemblages for selected depositional environments on Lulu
Island. This information will provide a basis for the
paleocenvironmental interpretation of biofacies encountered in
cores. In this chapter, palynological studies carried out on the
delta will be reviewed, in order to establish characteristic
pollen assemblages of selected depositional environments.
Chapter 5 describes research carried out specifically for this
study, to define elevational zonations of foraminifera on the

Lulu Island intertidal surface.

" 4.2 CHARACTERISTIC POLLEN ASSEMBLAGES OF CONTEMPORARY

DEPOSITIONAL ENVIRONMENTS ON THE FRASER DELTA

Characteristic pollen assemblages of surface samples from
selected wetland environments on the Fraser Delta have already
been established by Hebda (1977). That work will not be
duplicated in this study; instead, the following sections
contain a fairly detailed summary of Hebda's (1977) findings in
order to present the basis of palecenvironmental interpretations

of pollen assemblages encountered in this study. In addition,
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particular émphasis is given to the palynological distinction of
fléodplain and tidal marsh deposits. As noted previously
(section 2.2.4), these deposits are not easily distinguished on
the basis of the lithologic critéria used in this study.

Hebda (1977) characterized the vegetation cover and surface
pollen spectra of six major vegetation zones on the Fraser
Delta; peat bog (Burns Bog), Chenopodiaceae salt marsh (Boundary
Bay), coastal grassland (Boundary Bay), river marsh (Ladner),
river swamp (Ladner) and tidal marsh (Lulu Island) (see Fig. 2.1
for locations). The peat bog was further divided into five sub-
environments, consisting of; wet heathland, dry heathland, pine
woodland, birch woodland and Spiraea brushland. A summary of

"Hebda's findings is presented in the following sections.

4.2,1 PEAT BOG
4.2.1.1 Wet heathland

Vegetation in the wet heathland areas represents typical
raised peat bog conditions, characterized by abundant Sphagnum
sp. growth,

There is no significant tree overstorey, although

occassional stunted Pinus contorta (shore pine), Tsuga

heterophylla (western hemlock) and Betula occidentalis (western

birch) do occur.
The shrub storey consists mainly of members of the

Ericaceae (heaths) family. Ledum groenlandicum (common labrador

tea) and Vaccinium uliginosum (bog blueberry) are the dominant

species. Also present are Vaccinium myrtilloides (velvet-leaved
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blueberry), Vaccinium oxycoccos (bog cranberry), Gaultheria

shallons (salal), Kalmia microphylla subsp. occidentalis

(western swamp kalmia), Andromeda polifolia (bog rosemary) and

Empetrum nigrum (black crowberry).

The herb layer includes Rhynchospora alba (white topped

beak rush), Eriophorum chamissonis (Chamisso's cotton grass),

Dulichium arundinaceum (dulichium), Rubus chamaemorus

(cloudberry), Drosera rotundiflora (round leaved sundew) ,

Tofieldia glutinosa (sticky false asphodel) and Drosera anglica

(great sundew). Nuphar lutea (yellow pond lily) occupy shallow,

water-filled depressions on the bog surface.
The surface vegetation cover consists mainly of Sphagnum

spp., with Sphagnum capillaceum the dominant species. Other

mosses include Polytrichum juniperinum, Mylia anomala and

Gymnocolea inflata. Two 1lichen species, Cladina mitis and

Cladina rangiferina, often occupy the higher parts of Sphagnum

hummocks.

Examination of pollen in shallow subsurface samples reveals
that the preserved pollen spectrum is dominated by the influx of
a regional pollen component, originating outside the local area

(Fig. 4.1). Pinus, Alnus and Tsuga are all strongly represented.

The Ericaceae, a major component of the local vegetation, are
represented by only 4% of the preserved pollen} while Sphagnum

spores comprise only 3%.

4,2.1.2 Dry heathland

In contrast to the wet heathland environment, 1little
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Sphagnum ground cover 1is present. The dry heathland is

characterized by Ledum groenlandicum (common labrador tea),

which forms much of the shrub storey. Many of the shrubs found
in wet heathland are also present, but are less abundant.

Thickets of Spiraea douglasii (hardhack), Myrica gale (sweet

gale) and Pteridium aquilinum (western bracken) occur on the

margins of the heathland.
The herb cover 1is very poorly developed in the dry
heathland. Mosses and lichens, however, are abundant and

include, Polytrichum juniperinum, Aulocomnium androgynum,

Dicranum scoparium, Stokesiella oregana, Hylocomium splendens,

Pleurozium schreberi, Rhytidiadelphus loreus, Rhytidiadelphus

triguetrus, Cladonia cenotea, Cladonia chlorophaea, Cladonia

subsquamosa and Cladonia transcendens.

The surface pollen spectrum is again dominated by regional

inputs of Pinus, Tsuga and Alnus (Fig. 4.2). Ericaceae species

and Pteridium represent the local vegetation dominants.

4,2.1.3 Pine woodland

This environment is characterized by dense stands of Pinus
contorta (shore pine), with an  understorey of Ledum

groenlandicum (common labrador tea) and Vaccinium uliginosum

(bog blueberry).

The surface pollen spectrum is clearly dominated by the
local influx of Pinus (Fig. 4.3). Alnus, representing the
regional pollen rain, and Ericaceae, from local vgetation, are

minor components.
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4.2.1.4 Biréh woodland

Local vegetation consists of stands of Betula occidentalis

(western birch), with an understorey of Pteridium agquilinum

(western bracken), Spiraea douglasii (hardhack) and Ledum

groenlandicum (common labrador tea).

Surface samples contain approximately equal contributions

of Pinus, Tsuga and Alnus representing regional pollen inputs,

and Betula, Ericaceae and Pteridium from local vegetation (Fig.

4.4).

4.2.1.5 Spiraea brushland

Dense thickets of Spiraea douglasii (hardhack), with minor

Ledum groenlandicum (common labrador tea), characterize this

environment. The moss Polytrichum juniperinum forms a ground

cover.
Alnus, from the regional pollen rain, dominates the surface

pollen spectrum (Fig. 4.5), with Pinus, Tsuga, Betula and

Spiraea forming the other major components.

4.2,2 CHENOPODIACEAE SALT MARSH

The salt marsh fringes the landward edge of Boundary Bay on
the southern portion of the delta (Fig. 1.8). Major vegetation

types are Salicornia virginica (american glasswort), Distichlis

spicata (seashore salt grass), Puccinnellia grandis (large

alkali grass) and Plantaqgo maritima (sea plantain).

The surface pollen spectrum 1is dominated by 1local
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Chenopodiaceae. Pinus and Alnus represent a regional component

from wooded areas of the delta and nearby uplands. Poaceae and

Triglochin maritimum (sea-side arrow-grass) from surrounding

coastal grasslands are also important contributors (Fig. 4.6).

4,2.3 COASTAL GRASSLAND

The Boundary Bay salt marsh grades landward into a coastal
grassland environment. These coastal grasses occupy an area of
beach deposits on the seaward side of the dyke and are not
considered part of the delta's floodplain surface (Armstrong and

Hicock, 1976). Aster subspicatus (Douglas' aster) and Achillea

millefolium (common yarrow) are major components of this coastal

grassland.

Analysis of pollen in shallow samples from this environment
reveals a surprisingly low percentage of grasses (Poaceae) (Fig.
4.7)., This 1is presumably due to poor preservation of grass
pollen grains in the subsurface due to their relatively delicate
nature (thin exine). Chenopods from the adjacent salt marsh

dominate the pollen spectrum, with regional Pinus, Tsuga, Alnus

and local Asteraceae forming the other main components.

4.2.4 RIVER MARSH (PROXIMAL FLOODPLAIN)

This marshy environment lies between the tree-covered river

banks (Alnus rubra (red alder), Populus balsamifera subsp.

trichocarpa (black cottonwood), Salix spp. (willows), Picea

sitchensis (sitka spruce)) and the active distributary channels
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of the delta. The vegetation is characterized by emergent

freshwater aquatics. Lysichiton americanum (american skunk

cabbage), Menyvanthes trifoliata (buckbean), Carex spp. and

Poaceae grow nearest the river banks. Scirpus sp., Eguisetum

Sp., Alisma plantago-aquatica (water plantain), Sagittaria

latifolia (broad-leaved arrowhead) and occasional Typha
latifolia (common cattail) occupy sites nearer the water's edge.

Pollen spectra were determined for three samples from a
shallow depth within this environment (Figs. 4.8 - 4.10). Aall

three contain significant percentages of Pinus, Alnus, Tsuga and

Picea pollen grains, many of which were considerably corroded.
This indicates that river transport is probably responsible for
the influx of at least part of the arboreal component.

Sedge (Cyperaceae) pollen forms a major component in all
three samples. The remainder of the pollen spectra seemingly

reflect local vegetation variations, with Poaceae, Lysichiton

and Equisetum attaining prominence in at least one of the

samples.

Menvanthes, Typha; Saqittaria' and _Alisma, although all
fairly abundant in the vegetation cover, are poorly represented
in the surface samples, indicating either low pollen production

and or low rates of preservation in the subsurface.

4,2.5 RIVER SWAMP (DISTAL FLOODPLAIN)

This environment is represented by quiet backswamps, away
from active distributaries and only infrequently inundated

during periods of high water. The vegetation cover is similar to
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that of the river marsh, with Lysichiton americanum (american

~skunk cabbage), Typha latifolia (common cattail), Equisetum sp.

and Scirpus sp. dominating.

Pinus, Alnus and Tsuga, probably in part floodwater

derived, are again prominent 1in the surface pollen spectra
(Figs. 4.11 - 4.12). The remainder of the spectra, in addition

to reflecting 1local stands of Typha, Equisetum, Lysichiton and

Cyperaceae, also indicate considerable percentages of Sphagnum
spores. These spores are most 1likely derived from ditches
draining the delta's peat bogs and do not represent local

Sphagnum growth, which was not occurring in this environment.

4.2.6 TIDAL MARSH

Shallow surface samples were collected by Hebda (1977) from
three distinct vegetation =zones along a transect through the

tidal marsh off north-west Lulu Island (Fig. 2.2). The most

seaward zone consisted of pioneering Scirpus americanus

(american bulrush) and Scirpus paludosus (alkali bulrush)

stands. Further landward, a Typha latifolia (common cattail)

dominated zone was sampled. The third zone, adjacent to the

dyke, consisted of a Carex lyngbeyi (Lyngbye's sedge) -

Potentilla pacifica (pacific silverweed) community.

The pollen assemblages of all three samples contain

significant quantities of river-derived Pinus, Picea, Tsuga and

Alnus pollen (Figs. 4.13 - 4.,15). Grass pollen, also prominent
in all three samples, 1is probably derived from nearby

agricultural fields. Spores of monolete ferns, probably derived
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Figure 4.13

Major components
of the surface
pollen spectrum:
Delta front marsh

Scirpus zone

Figure 4.14

Major components
of the surface
pollen spectrum:
Delta front marsh

Typha zone

Figure 4.15
Major components

of the surface
pollen spectrum:
Carex-Potentilla
zone

(modified from Hebda, 1977)
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from stands of Athyrium felix-femina (common lady fern) along

river banks, reach relatively high percentages in the Scirpus
and Typha zones.

The contrasts 1in vegetation between the three tidal marsh
vegetation zones are reflected 1in the abundance of 1locally-
produced pollen within the samples.

In the Scirpus =zone, sedge pollen reaches 40 -50%, while
Typha attains a value of only 2%. This contrast is reversed in
the Typha dominated zone, which 1is characterized by high
percentages (30%) of Typha pollen and a relatively 1low (20%)
sedge component.

Both Typha and Cyperaceae are prominent members of the

pollen assemblage in the Carex - Potentilla zone. However, this

environment is distinguished from the other tidal marsh deposits
by the absence of monolete fern spores and the presence of small

guantities (2%) of Potentilla pollen.

4,3 POST-EUROPEAN SETTLEMENT VEGETATION CHANGES ON TﬁE FRASER

DELTA

Substantial changes 1in the vegetation of the Fraser Delta
have resulted from widespread clearing, draining and burning,
associated with the influx of European settlers during the last
century (North et al., 1984). Hebda (1977) summarized these
changes and attempted tov reconstruct the original vegetation
cover of the southern portion of the delta.

One of the major changes has resulted from attempts at land

reclamation along the margins of the original peat bogs. In the
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peripheral éreas of the bog, pine woodland (section 4.2.1.3) and
birch woodland (section 4.2.1.4) have replaced the original
heathland environments. Records indicate that pine and birch
woodland were not present on the delta prior to these
disturbances (Hebda, 1977).

Much of the floodplain surface of the delta has been
cleared, drained by extensive ditch networks and dyked to reduce
flooding. Prior to 1its conversion to agricultural and urban
uses, this area probably supported marshy grassland, sedges and
mixed scrub (Rosaceae, Salix spp.) vegetation, similar to the
present-day river marsh and swamp environments (sections 4.2.4,
4,2.5). River bank vegetation was apparently similar to that of
the present-day, consisting of swamp forest and spruce forest
(Picea (spruce), Alnus (alder), Thuja (cedar), Tsuga (hemlock),

Salix (willow), Rosaceae) (Hebda, 1977; North et al., 1984)

4.4 THE PALYNOLOGICAL DISTINCTION OF FLOODPLAIN AND TIDAL MARSH

DEPOSITS

The foregoing information on the characteristic
palynological "fingerprints" of the floodplain and-tidal marsh
environments, provides a means of distinguishing deposits formed
in these lithologically-similar settings.

A closer examination of the surface pollen spectra from
these environments (Table 4.1), reveals many similarities in
pollen content, but also a number of marked contrasts that will
provide a basis for the interpretation of core samples from

subsurface deposits.



Table 4.1 surface pollen sljectru (&): floodplain (L) and
tidal marsh (DF) environments

Pinus

Picea

Abies

Tsuga

" Pseudotsuga
Thuja

Arceuthobium
Myrica
Ericaceae
Poaceae
Asteraceae

Chenopodiaceae

Liliceae
Lysichiton
Cyperaceae
Typha
Sagittaria
Alilsma

Malvaceae
Potentilla
Lamlaceae

Equisetum

Monolete ferns

Sphagnum

FLOODPLAIN
RIVER MARSH RIVER SWAMP
SITES SITES
L1 L2 L3 L4
35 28 22 18
5 5 7 2
0.5 1 1.5
5 5 7 7
0.5 1 1.5 3
2 0.5 2
7 20 22 37
0.5 1 0.5
1 0.5
0.5
0.5
1 0.5 2.5
5 12 2
0.5
2 0.5
5 1.5
15 22 35 5
3 1.5 2 10
1.5
0.5
1
3.5 3.5 9 0.5
3.5 4 3 1
2 3.5 1 8

Based on Hebda

Figs. 23a,b;

L5
25

3

1.5
10

1

15
0.5

(]

12
13

0.5

8

13

TIDAL
MARSH
SITES
DF1&2 DF3 DF 4
35 21 19
5 6 8
0.5 1
5 7 8
0.5 2
1.5
20 10 16
0.5 1 1
0.5 0.
0.
10 6 18
0. 0.5
0.5 0.5
1.5 1
35 17 20
2 38 25
. 0.5
1.5
2
22 15
(1977)
24a,b; 26a,b,c.

-~

N
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Deposifs formed in both environments often incorporate
large guantities of river-transported arboreal pollen,
especially Pinus and Alnus, which often dominate the pollen
spectrum. Also, certain plant species, including Cyperaceae and
Typha, are common to both environments and contribute pollen to
the deposits of both (Table 4.1).

However, a clear contrast is apparent in the contribution
of pollen and spores from the "emergent freshwater aquatics
group", which characterize the floodplain environment. Equisetum
(horsetail), Lysichiton (skunk cabbage) and to a lesser extent,

Sagittaria (arrow-head) and Alisma (water plantain), are all

represented 1in the floodplain samples, but do not appear at all
in the tidal marsh deposits. (Sphagnum and Ericaceae in the
floodplain deposits are probably derived from ditches draining
nearby peat bogs and, as such, are not representative of natural

conditions).

4.5 SUMMARY

The surface pollen spectra established by Hebda (1977)
provide the basis for the interpretation of fossil pollen
assemblages in core samples from the Fraser Delta.

Mature peat bog deposits contain an abundance of Pinus,
Alnus, Ericaceae and, often, Sphagnum spores.

Salt marsh and coastal grassland environments, situated
away from fluvial influences, are characterized by high
concentrations of Chenopod and grass pollen.

Present-day floodplain sediments incorporate large amounts
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of river-transported arboreal pollen, including Pinus, Picea,
Tsuga and Alnus. Sedge pollen is also abundant. The floodplain
deposits are distinguished by pollen and spores from emergent

freshwater aquatics such as Lysichiton, Equisetum, Sagittaria

and Alisma.
Tidal marsh deposits also contain large quantities of

river-transported pollen and spores, especially Pinus, Picea,

Tsuga, Alnus and monolete fern spores. Additional high

concentrations in tidal marsh samples reflect locally dominant
vegetation types. Cyperaceae levels are high in the Scirpus sp.

and Carex-lyngbeyi - Potentilla-pacifica =zones; while Typha

reaches high values 1in sediments accumulating under Typha
latifolia stands.

Changes in the original vegetation of the delta have
resulted from the influx of European immigrants in the 1last
century. Major changes 1included the reduction of the area of
mature (Sphagnum) peat bog and the conversion of marginal bog
heathland areas to pine and birch woodlands - environments not
previously present on the delta. In addition, prior to these
recent disturbénces, the original floodplain of the delta
probably consisted of a swampy grassland environment,
characterized by grasses (Poaceae), sedges (Cyperaceae),
emergent aquatics and mixed scrub (Rosaceae, Salix spp.).

Floodplain and tidal marsh deposits are lithologically
similar, consisting of organic-rich, horizontally-bedded, clayey
silt (section 3.3.1). However, the presence of pollen and spores

from emergent freshwater aquatics (Eguisetum, Lysichiton,
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Sagittaria, Alisma) in the floodplain deposits, provides a means

of distinguishing these two environments in core samples.
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CHAPTER FIVE

FORAMINIFERAL ZONATIONS ON THE LULU ISLAND TIDAL FLATS

5.1 INTRODUCTION

Recent studies of foraminiferal distributions in tidal
marshes have demonstrated how knowledge of present-day
elevational zonations of marsh foraminifera can be used té
interpret depositional environments and locate former sea levels
within drill-cores (Scott, 1976, 1977; Scott and Medioli, 1978,
1980a; Scott, Williamson and Duffett, 1981).

The results of these studies indicate that distinct
assemblages of foraminiferal species often occupy relatively
narrow elevational zonations (with respect to sea 1level) on
marsh surfaces. Once established, these zonations can be used on
a comparative basis to locate former sea level positions within
ancient marsh sequences.

Previous applications of this techhique (Scott and Medioli,
1980b) suggest that biofacies analysis based on foraminiferal
assemblages offers a high degree of elevational resolution,
enabling, for example, lithologically identical upper, mid and
lower tidal marsh deposits to be distinguished.

A potential accuracy of sea level relocation of + 5 cm is
proposed on the basis of results from Atlantic marshes (Scott
and Medioli, 1978); whereas an accuracy of + 20 cm is claimed
for studies carried out in the Bay of Fundy (Smith et al.,

1984),
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This chapter describes the field and laboratory technigues
used to define foraminiferal zonations on the Lulu Island tidal
flats. It 1is anticipated that the establishment of intertidal
foraminiferal distributions on Lulu Island will provide a means
of identifying both the environment and the elevation of

deposition of intertidal deposits encountered in drill cores.

5.2 PREVIOUS WORK

Phleger (1967) described the foraminifers present in five
samples collected from Sea Island marsh and a further eight
samples from marshes fringing Westham Island at the mouth of the
main channel of the Fraser River (Fig. 1.8). The determination
of foraminiferal =zonations did not form part of that study and
consequently precise sample 1locations were not obtained.

Miliammina fusca was by far the most abundant species and

dominated most of the assemblages. Trochammina macrescens was

dominant in one sample from the Sea Island marsh. Other common

species included Jadammina polystoma, Haplophragmoides

subinvolutum, Ammobaculites sp., Ammotium cf. salsum and

Pseudoclavulina sp.

The Sea 1Island specimens were wholly arenaceoﬁs in
character, which was attributed to large inputs of sediment-
laden fresh water from the Fraser River. The resulting low
salinity, and possibly 1low pH, of the marsh water appears to
deter the invasion of open-ocean species, most of which have

calcareous tests (Phleger, 1967).
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5.3 METHODS

5.3.1 SAMPLING

Samples were selected from the set of surface grab samples
and core samples previously obtained from the tidal flats for
grain size determinations (section 3.2). Sample locations were
widely scattered over the tidal flats in order to determine
lateral, as well as elevational, variations in foraminiferal
distributions.

Positioning of the sampling points was determined on the
basis of several compass bearings on fixed objects onshore,
giving an estimated accuracy of + 50 metres. Approximate
elevations of the sampling locations were obtained by reference
to a 1967 topographic map of the tidal flats, produced for ‘the
National Harbours board (Fig. 3.1). The presence or absence of
vegetation was also noted at each sampling point. A total of 28
surface samples were selected - 24 grab samples and 4 samples
from the tops of the short cores obtained from the tidal flats
(section 3.2) (Fig. 5.1).

In addition to surface sampling, samples were also
collected from several depths within each of the four short
tidal flat cores (section 3.2). These samples were included for
analysis in order to determine if distinct, identifiable
foraminiferal assemblages are well-preserved in recently buried

intertidal deposits.

5.3.2 SAMPLE ANALYSIS



————— Contour (metres
above geodetic)

® Sample location
x Tidal flat core

Figure 5.1 Sampling locations: foraminifera study
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All samples were air-dried, weighed and wet sieved through
0.5 mm and 0.063 mm sieves. Coarse organics were retained in the
0.5 mm sieve; silt and clay were washed through the 0.063 mm
sieve. Foraminifera were retained between the two sieves. Most
of the fine organics were removed at this stage by decantation
with water. Where the samples were sandy the foraminifera were
separated by flotation in tetrachloroethylene.

Specimens were identified to the species or generic level.
No attempt was made to distinguish 1living foraminifera from
total populations (living + dead). Assemblages were established
on a total population basis to ensure integration of all
seasonal variations and to eliminate the risk of overemphasizing
seasonal fluctuations 1in species abundance (Scott and Medioli,
1980b) .

It should be noted that this technique does not necessarily
reflect the distribution of 1living foraminifera, since some
species may be more prone to redistribution after death than
others (i.e. some species may be preferrentially washed into the
upper marsh by incoming tides; some species may be more
efficiently trapped by the filtering action of vegetation than
others etc.).

However, since this study is concerned wifh the
interpretation of subsurface deposits, it is only necessary to

know the distribution of species wupon incorporation - into the

intertidal sediments. Thus, this technique is still valid,
regardless of how the foraminiferal distributions are derived,

as long as the patterns of incorporation into the subsurface are
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consistent fhrough time - which is assumed to be the case in
this study.

Where the number of foraminifera in a sample was low
(<500), all the specimens present were counted. A number of
samples contained several thousand specimens. In these cases a
subsample was weighed, counted, and the resulting count
multiplied by a proportionality factor (based on the weight of
the original sample compared to the weight of the subsample), to
provide an estimate of the total population.

Foraminiferal assemblages were devised on the basis of
relative species abundances, measured as percentages of total
counted populations. The sampling system used also yields a
measure of foraminiferal density on a dry weight basis (number
of specimens per 100 g of sample). Compared to the standard
volume Dbasis, this measure, when used as a comparative tool, is
subject to some error due to variation in the bulk densities of
samples. However, such error will not obscure overall patterns,
since variations in foraminifera density are several orders of
magnitude greater than estimated variation in sample bulk

densities.
5.4 RESULTS

5.4.1 SURFACE SAMPLES

5.4,1.1 Introduction

Only five species were present in the twenty eight samples

analysed; Polystomammina grisea, Haplophragmoides sp. cf. H.
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canariensis, Ammonia beccarii, Miliammina fusca and Rosalina

columbiensis (Table 5.1).

Foraminiferal densities varied greatly, ranging from 17913
to 4 specimens per 100 g. Three broadly defined density zones
are apparent - a high density 2zone, with density values
exceeding several thousand, in the upper reaches of the tidal
marsh; an intermediate zone, with density values ranging from 50
to 3500, in the central part of the tidal flats, and a low
density zone, with density values below 50, in the lower reaches
of the tidal flats and adjacent to the Main Arm of the Fraser

River (Fig. 5.2).
5.4.,1,2 Elevational Zonations

A plot of sample elevation against relative species
abundance suggests that apparently well-defined elevational
zonations 1in foraminiferal assemblages are present across the
tidal flat surface (Fig. 5.3). A high elevation. zone, composed

almost entirely of Polystomammina grisea and Haplophragmoides

sp. cf. H, canariensis lies between higher high water (140 cm)

and about 50 cm above geodetic datum. Ammonia beccarii is most

abundant in a narrow elevational zone, from 50 cm to 30 cm.

Miliammina fusca dominates a third zone, lying between 30 cm and

geodetic datum. Elevations below geodetic datum constitute a

fourth major zone, dominated by Miliammina fusca and Rosalina

columbiensis,




Table 5.1 Absolute and relative species abundance,
tidal flat samples

Weight (g)

Elevation” (cm)

Mean grain size (um)

Polystomammina grisea

Haplophragmoides sp. cf.

H. canariensis

Ammonia beccarii
Miliammina fusca

Rosalina columbiensis

Weight (g)

Elevation” (cm)

Mean grain size (um)

Polystomammina grisea

Haplophragmoides sp. cf.

H. canariensis

Ammonia beccarii
Miliammina fusca

Rosalina columbiensis

Weight (g)
Elevation " (cm)

Mean grain size {(um)

Polystomammina grisea

Haplophragmoides sp. cf.

H. canariensis

Ammonia beccarij
Miliammina fusca
Rosalina columbiensis

"
relative to geodetic

SAMPLE NUMBER

187/100152/89 8/50

5/3

17 18 19
434.8 364.9 240.1
-55 -31 -70
235.6 301.2 44.8
No./% No./% No./%

3/3
18/8 12/2 107/96

208/92 646/98 2/1

2 3 4 5
111.5 143.6 71.4 118.5 80.4
42 78 107 72 85
1.5 2.5 1.2 2.6 2.1
No./%  No./% No./% No./% No./%
113/93 164/53 48/31 71/65 60/65
148/47 108/69 38/35 31/33
9/7 2/2
9 10 11 12 13
192.4 209.4 436.9 417.3 333.6
37 45 -7 11 -12
3.4 3.7 5.6 8.7 28.4
No./% No./% NoJ/% No./% No./%
8/5 6/38 2/1
6/3 2/12

6/2

334/98 134/99

20 21

298.1 426.8
-35 -64
28.9 355.0
No./% No./%
2/1

312/99 10/67
5/33

a7
6 7 8
304.4 346.7 336.2
25 34 35
3.4 3.2 7.4
No./% No./% No./%
78/89
2/2 1/4
25/9642/100
8/9
14 15 16
449.4 398.3 206.8
1 13 -60
9.2 13.2 9.0
No./% No./% No./%
11/8 6/4
2/2 1/1
7/5 2/1
116/85 135/94 8/6
132/9 4
22 23 24
480.1 607.2 408.0
-164  -114 -99
53.1 223.5172.1
No./% No./% No./%
2/8
1/4
94/75 15/6049/84
31/25 7/28 9/16



Density per 100g

>3500

50-3500

<50

Figure 5.2 Foraminiferal densities: Lulu Island intertidal
surface
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5.4.1.3 Lateral Variability

In order to gain an indication of the degree of lateral
variability in the foraminiferal‘zénations, a cluster analysis
was performed to group together samples on the basis of relative
species abundance. Four clusters were generated (Fig. 5.4). The

clusters consist of a Polystomammina grisea-Haplophragmoides sp.

cf. H. canariensis grouping, these two species comprising at

least 91% of the 1included assemblages; an Ammonia beccarii

grouping, this species accounting for at 1least 50% of all

specimens; a Miliammina fusca grouping, with all samples

containing at least 60% of this species, and a Rosalina

columbiensis grouping, in all cases containing at least 84% of

this species.
The clusters were plotted on a map of the tidal flatS to
illustrate their spatial extent. The result (Fig. 5.5) indicates

that the Miliammina fusca and Rosalina columbiensis

distributions exhibit considerable lateral variability,

unrelated to elevational changes. The Polystomammina grisea-

Haplophragmoides sp. cf. H. canariensis and Ammonia beccarii

distributions do appear to approximately correspond to
elevational zonations.

To investigate further the apparent lateral variability of
species distributions on the 1lower tidal flats, maps were
constructed ﬁo show the distributions of species on a density
basis (Number of species per 100 g of sample), rather than on a
relative abundance (percentage) basis. This has the advantage of

showing species distributions in absolute terms and eliminates
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Groups from cluster analysis

Polystomammina grisea-
Haplophragmoides sp. c¢f. H.
canariensis

Ammonia beccarii

Miliammina fusca

Rosalina
columbiensis

FLULUE
ISLAND:

Figure 5.5 Map of species groupings from cluster analysis
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apparent spétial variability 1in one species which may in fact
reéult from variability in abundance of other species.

The results (Fig. 5.6a-f) suggest that the major

concentrations of Polystomammina grisea, Haplophragmoides sp.

cf. H. canariensis, Ammonia beccarii and Miliammina fusca all

closely correspond to elevational zonations. Only the Rosalina

columbiensis distribution displays a pronounced lateral

variability, with considerably higher concentrations of this
species occurring in the south of the lower tidal flats, than at
corresponding elevations to the north. A composite map,
consisting of the higher concentration zone for each species
(Fig. 5.6f) clearly illustrates the concentration of Rosalina

columbiensis in the southern part of the study area.

Environmental factors other than elevation which may
influence foraminiferal distributions include sediment grain
size and the présence or absence of vegetation (Murray, 1973).
As data on these two factors were available for the intertidal
surface, a scatter plot was constructed to 1illustrate the
relationship between mean grain size, presence-absence of
vegetation, elevation and the foraminiferal assemblage groupings
derived from the cluster analysis (Fig. 5.7).

The Polystomammina grisea-Haplophragmoides sp. cf. H.

canariensis and Ammonia beccarii clusters each occupy a distinct

range of environmental conditions, occurring in vegetated sites,
at higher elevations and with fine grained substrates. The

Miliammina fusca and Rosalina columbiensis clusters clearly can

not be distinguished on the basis of these factors. Both occur
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at similar elevations, over a wide range of sediment sizes and
in unvegetated locations. The results suggest that environmental
factors other than those considered above are responsible for

the concentration of Rosalina columbiensis in the southern part

of the tidal flats (i.e. salinity, exposure, etc.).

5.4.2 CORE SAMPLES

The results of the analysis of the tidgl flat core samples
are shown 1in Table 5.2. Generally, these results indicate that
there is a good correspondence between present-day foraminiferal
zonations on the tidal flat surface and the foraminiferal
assemblages incorporated into the subsurface (Fig. 5.8).

Only the sample from core TFC 1 at a depth of 125 cm does
not conform to the expected pattern. This sample contained only
4 specimens (Table 5.2). The assignment of "dominance" to one -
particular species based on such 1low numbers 1is obviously
tenuous and probably explains this anomaly.

r The results also show that the ﬁumbers of foraminifers in
the subsurface are surprisingly 1low. Foraminiferal densities
decline rapidlvaith depth, falling to or near zero within 50 cm
of the surface in three of the cores (Fig. 5.9). Only in the
upper tidal marsh core (TFC 1) do foraminiferal densities remain
reasonably high (33 specimens per 100 g) below 50 cm depth. The
contrast Dbetween surface and subsurface foraminiferal densities
suggests that the foraminiferal tests are not well preserved in

the subsurface of the delta.
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5.5 DISCUSSION

The results demonstrate that well-defined foraminiferal
zonations are present on the Lulu Island tidal flats. A

Polystomammina qrisea-Haplophragmoides sp. cf. H. canariensis

dominated zone lies between 140 and 50 cm above geodetic datum;

Ammonia beccarii is most abundant between 50 and 30 cm;

Miliammina fusca dominates a 2zone between 30 cm and geodetic

datum, and elevations below geodetic datum constitute a forth

zone, dominated by Miliammina fusca and Rosalina columbiensis.

For the most part these zones appear to coincide with
elevational zonations, although one tidal flat species, Rosalina

columbiensis, exhibits considerable lateral variability.

The 1lateral wvariability 1in the distribution of Rosalina

columbiensis does not appear to be related to variations in

sediment size or vegetation cover. Another possibility is
suggested by the configuration of the intertidal surface (Fig.
5.1). A 1large dendritic drainage network occupiés much of the
southern part of the tidal flats (Luterﬁauer, 1980). Drainage of
ebb tides from the higher tidal marsh may thus be concentrated
to the south. Such a tidal «circulation pattern may act to
maintain higher water levels over the southern tidal flats in
contrast to the north. An obvious consequence of elevated water
levels in this area would be to reduce exposure time, a

condition favourable to Rosalina columbiensis which generally

prefers normal marine conditions (Murray, 1973).
The low numbers of foraminifera found in the core samples

indicates low rates of preservation of foraminiferal tests in
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the subsurface of the Fraser Delta. The 1largest concentrations
of foraminifera tests are apparently preserved within deposits
corresponding to the contemporary high marsh environment. Here,
surface foraminifera densities reach their highest values (Fig.

5.2). This environment corresponds to the Polystomammina grisea

-~ Haplophragmoides sp. cf. H. canariensis dominated =zone (Fig.

5.5). This assemblage, if found within a core sample, would
suggest the deposit formed approximately 0.5 to 1.4 m above mean

sea level, based on present-day conditions.
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CHAPTER SIX

SUBSURFACE DATA COLLECTION

6.1 INTRODUCTION

Subsurface data were collected to meet two major
objectives: firstly, to establish the regional lithostratigraphy ’
of Lulu Island; and, secondly, to provide a basis for
palecenvironmental interpretation of subsurface deposits - which
is dealt with in the next chapter.

In addition, a limited amount of subsurface investigation
was carried out in the western Fraser River floodplain, in order
to determine if the deposits related to the episode of
aggradation on the delta could be traced laterally into the

adjoining fluvial setting.
6.2 METHODS

6.2.1 DATA COLLECTION

Subsurface information was collected using a Concore C-68
drill rig and a vibracorer (Smith, 1984). Selected borehole logs
and core samples (samples of the tephra layers in drill holes
TH84-13 and TH85-14) were also provided by the B.C. Ministry of

Transportation and Highways.



103
6.2.1.1 Concore C-68 drill rig

The Concore C-68 drill rig is a small, trailer-mounted
research drill rig (Fig. 6.1), with the capability of auger,
rotary and hammer drilling. Core samples are provided by 52 cm
long, 4.75 cm diameter split-tube samplers. Cores are obtained
by hydraulically pushing the split-tube into the ground, or,
where deposits are more resistant, by hammering with a 145 1b

weight.

6.2.1.2 Vibracorer

The vibracorer consists of a motor-driven eccentric-rotor
vibrator attached to a clamp (Fig. 6.2). The clamp is fastened
to a 9.15 m (30') length of 7.5 ecm (3") diameter aluminum
irrigation tubing. In wet, fine grained deposits (medium sand or
finer), the vibrations cause liquefaction of the sediment
immediately in contact with the tube, enabling it to be pushed
down into the ground.

The tube 1is then extracted by a continuous chain hoist
attached to a quadrapod (Fig. 6.2). A core-catcher at the bottom
of the tube retains the core within.‘The tube is then suspended
at an angle of about 30 , the core-catcher is removed and the
core is vibrated out onto a length of plastic guttering. In this
way, @ 9.15 m long, 7.5 cm diameter continuous core can be
obtained in about two hours.

In comparison to the drill rig, the vibracorer has the

advantage of being portable (it could be carried into sites
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Figure 6.2 Vibracorer
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inaccessible to vehicles) and considerably faster. The drawback
of the vibracorer is that 9 to 10 meters 1is the maximum

practical depth of operation.

6.2.1.3 B.C. Dept. of Highways borehole logs

The B.C. Department of Highways provided borehole logs and
a number of core samples from drill sites on Lulu Island and the
adjoining Fraser River floodplain. The logs provide a
generalized description of grain size, sorting and organic
matter content. Sedimentary structures are not recorded.

While the logs are fairly accurate 1indicators of major
lithology changes (silt to sand, for example), smaller details
(such as tephra layers) are often 1ignored. Certain 1lithologic
classifications are also prone to some error; organic-rich silt,

for example, may be recorded as,"peat".'

6.2.1.4 Field logging of cores

Cores from both the drill rig and vibracorer were logged in
the field. Logging consisted of the visual assessment of grain
size sorting, organic matter content and sedimentary structures
(including the nature of contact between successive sedimentary
units i.e. gradational - sharp). Selected core samples were
retained for laboratofy analyses of particle size
characteristics and microfossil content.

Large amounts of organic material, when encountered in

cores, were retained for possible radiocarbon dating. Some cores
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contained tephra layers, these were collected for laboratory

identification.

6.2.2 DRILL SITE LAYOUT (SAMPLING DESIGN)

Drill site locations were arranged about the central axis
of Lulu Island, in order to sample the full chronological range
of deposits, from the oldest in the vicinity of New Westminster,
to the newest on the western edge of the island. Dril% sites
were also placed sufficiently far north and south of the central
axis to allow a three-dimensional, regional lithostratigraphy of
Lulu Island to be developed. A number of drill sites were also
located on the floodplain of the Fraser River between New
Westminster and Pitt Meadows (Fig. 1.8).

The precise location of drill sites depended on access and,
as such, could only be finally determined in the field.
Modifications were made to the drill site layout as field work
proceeded. Greater coverage was provided 1in areas where
subsurface variation appeared most ‘pronounced and lesser
coverage vwhere subsurface deposits seemed to be fairly uniform
from site to site.

The abandoned channel cutting across eastern Lulu 1Island
(Fig. 2.2) 1is underlain by relatively recent fluvial deposits,
probably formed within the last 5000 years (section 2.2.6). As
the primary purpose of this study is to determine the nature and
extent of aggradational deposits formed on Lulu Island in the
early Holocene (ca. 8000 - 5000 years BP), no drill sites were

located in the abandoned channel area.



107

| Drill site elevations were determined where possible by
levelling to nearby benchmarks. Some sites were too remote from
benchmarks for practical 1levelling. In these cases, site
elevation was estimated from knowledge of the local surface
(i.e. relationship of site to general level of surrounding
surface) and reference to topographic maps. Due to the low
relief of the natural delta surface, the error associated with
the estimated elevations is likely to be small - probably of the
order of 50 cm,
Data were collected from a total of 51 sites - 35 drill rig
or vibracore drill sites and 16 B.C. Dept. of Highways drill
sites. Site 1locations are shown 1in Figure 6.3 (Precise site

locations and elevations are presented in Appendix II).
6.3 RESULTS

6.3.1 DRILL HOLE LOGS
~ The field logs and B.C. Dept. of Highways borehole logs are

protrayed graphically in Figures 6.4 - 6.6.

6.3.2 LITHOFACIES DESCRIPTIONS
Based on visual logging of core 1lithology, six major
lithofacies are proposed:
peat
organic-rich silt
interbedded silts, sands and sandy silts

massive sands
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SEDIMENTARY SYMBOLS
AND SEDIMENT SIZES

FILL

PEAT

Y| ORGANIC-RICH CLAY

ORGANIC-RICH SILT
SILY & FINE SAND
FINE SAND

HEDIUM SAND

XXAXX TEPHRA
anana ORGANICS

FINE TO MEDIUM SAND

MEDIUMt TO COARSE SAND

CONTACTS:

GRADATIONAL

FINING UP

Key to core logs

(Figures 6.4 - 6.6)
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organic-rich clay

tephra

Each 1lithofacies is definedbon the basis of a consistent
and distinctive internal lithology (grain size characteristics,
organic matter content and sedimentary structures) and contrasts
sufficiently wifh the other lithofacies to be distinguishable in
the field. Descriptions of these lithofacies are presented in
the following sections.
6.3.2.1 Peat

The peat 1lithofacies consists of partially decomposed
organic matter, containing no visible mineral material.
Horizontal bedding is commonly observed and large wood fragments
(2-3 cm) are occasionally present.

Peat was found extensively at the surface of eastern Lulu
Island and the Fraser River floodplain (Figs. 6.5, 6.6). The
base of the peat is generally 1 to 2 m below mean sea level. The
peat is typically from 1 to 3 m in thickness. The unusually
thick peat indicated on one of the B.C. Dept. of Highways
borehole logs (Fig. 6.5 - TH81-622), extending to more than 5 m
below mean sea 1level, is presumably organic-rich silt in its
lower part (see section 6.2.1.3). In all cases, the base of the
surface peat layer was marked by a gradational contact with the
underlying deposit (Fig. 6.7).

In addition to the‘surface peat accumulations, buried peat
layers were found 1in 12 of the drill holes drilled in the
eastern part of the study area (Fig. 6.4-6.6). The buried peat

beds varied from about 10 to 50 cm in thickness and were found
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Figure 6.7 Peat (on the right) grading down into

organic-rich silt, core D23 (depth =
2.6 m below surface)

i‘qi; })’ > By it

Figure 6.8 Organic-rich silt, core D23 (depth =
3.9 m below surface)

114
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at depths of é.2 to 3.8 m below mean sea level. In almost all
cases, the buried peat layer had gradational contacts with the
enclosing material, which most commonly was organic-rich silt,
The one exception was at site D68 (Fig. 6.6), where the top of
the buried peat unit was marked by a sharp coﬁtact overlain by a

10 cm thick bed of fine sand.

6.3.2.2 Organic~rich silt

The organic-rich silt lithofacies consists of predominately |
silt-sized particles and contains abundant organic material,
which often clearly forms horizontal laminations (Fig. 6.8).
This unit is usually found at the surface on western Lulu Island
(Fig. 6.4), or in gradational contact with the base of the
surface peat deposits in the eastern part of the study area
(Figs. 6.5-6.7).

The organic-rich silts grade downward into interbedded
silts, sands and sandy silts (Figs. 6.4 - 6.6). This transition
is marked by the first appearance of sand-sized particles in
core samples and a progressive decrease in the abundance of
organic material (Fig. 6.9).

The thickness of this unit is about 1 - 2 m on western Lulu
Island (Fig. 6.4). Thicknesses generally undergo & progréssive
increase across central Lulu 1Island (Fig. 6.5). East of site
D55, the thickness of the orgénic—rich silts stabilizes at about

11 - 12 m (Fig. 6.6).
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Figure 6.9 Organic-rich silt (on the right) grading
down into interbedded silts and sands,
core D29 (bit is 14.89 m below surface)

Figure 6.10 Interbedded silts and sands (top of core
is to the right), core D25 (depth approx.
8 m)
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6.3.2.3 Interbedded silts, sands and sandy silts

'This iithofacies is generally found below, and in
gradational contact with the organic—rich silt lithofacies. It
consists of interbeds of silt, sand and poorly-sorted mixtures
of silt and sand (Fig. 6.10). Organic material is scattered
throughout and large wood fragments (2-3 cm) are occasionally
present.

Some contacts between beds within this unit are sharp,
others are gradational. Sharp contacts are usually overlain by
sand, which often grades upward into silty sand or silt.
Bedding, for the most part, 1is roughly horizontal, although
occasional gently inclined (ca. 10°) beds are present.

The base of this unit is marked by a gradational or sharp
transition to underlying sandy deposits. The interbedded silts,
sands and sandy silts attain a maximum thickness of about 8 m
beneath central Lulu Island (Fig. 6.4, e.g. site D25). Beneath
both the western and eastern parts of Lulu Island and the Fraser
Riverr floodplain, this unit has a typical thickness of 1 - 2 m

(Fig. 6.4 - 6.6).

6.3.2.4 Massive sands

Sandy deposits underlie the interbedded silts, sands and
sandy silts and are distinguished from them by the virtual lack
of silt and organic material in core samples. The sands for the
most part appear structureless, although occasional faint
indications of horizontal bedding and gradations from finer to

coarser sand, are observed. Wood fragments were found in some
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core samples from this wunit, but overall they are rarely
encouhtered.

Based on the available drill hole data, this sandy unit
extends to a depth of at least 21 m below mean sea level under
the east side of Lulu Island (Fig. 6.5, e.g. site TH84-798), and
to at 1least 19 m below mean sea level beneath central Lulu
Island (Fig. 6.4, e.g. site D25). In general, this unit appears

to become progressively coarser with depth (Fig. 6.4 - 6.6).

6.3.2.5 Organic-rich clay

Clayey sediments were present in some of the cores obtained
from the Fraser River floodplain (Fig. 6.6). In the field, these
deposits were distinguished by their stickiness, a lack of
particles visible under a hand lens and a distinctive blue-grey
colouration. The clays contained common to abundant organic
material and displayed horizontal bedding.

The clay deposits were not found below 4 m depth and in all
cases graded into the enclosing material, which was either

organic-rich silt or peat (Fig. 6.6).

6.3.2.6 Tephra

Tephra beds, 1-2 cm thick, were found in 15 locations, at
depths ranging from about 4 to 6.5 m below mean sea level (Fig.
6.5, 6.6). Although not volumetrically significant, the tephra
was nevertheless defined as a major lithofacies because of its
geochronological importance.

All occurrences of the tephra bed were located east of
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drill site D46 (Fig. 6.5). The tephra beds were enclosed by
organic-rich silt deposits and were bounded by sharp contacts,

both above and below (Fig. 6.11 - 6.14),

6.3.3 LITHOSTRATIGRAPHIC SECTIONS

The drill logs were used to construct a number of
lithostratigraphic sections across Lulu Island and along the
Fraser River floodplain between Lulu Island and Pitt Meadows.
All elevations were adjusted to geodetic datum (approximates
mean sea level). Spacing of the drill logs along the sections is
based on the straight-line distance between drill sites.

For the sake of clarity, not all drill logs along a section
line were included in the diagrams. A number of logs which did
not contribute any further detail to the sections were excluded.

The most detailed section (Fig. 6.15) approximates the
central axis of Lulu Island and is assumed to roughly parallel
the direction of progradation of this part of the Fraser Delta.

~ The other Lulu Island secﬁions " (Figs. 6.16 - 6.20) are

strike sections, running approximately at right angles (north-
south) across the main east-west (dip) section. These sections
are included in order to assess the degree of lateral con;inuity
of the general lithostratigraphic framework established by the
main east-west section (Fig. 6.15).

A section between site D23 on Lulu Island and site D71 on
the Fraser River floodplain, is also presented (Fig. 6.21). This
section is included in order to determine if the aggradational

deposits on the delta can be traced laterally into the adjoining
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floodplain éediments.

Correlation 1lines have been added to the sections in order
to delimit the vertical extent of the major lithofacies defined
previously (section 6.3.2). For the sake of brevity, radiocarbon
dates obtained for this study have also been added to the
sections. These will be discussed in a following chapter. At
this stage no attempt has been made to apply environmental
interpretations to the subsurface lithofacies. This will also be

covered in & following chapter.

6.4 DISCUSSION

6.4.1 LULU ISLAND LITHOSTRATIGRAPHY

The major features of Lulu Island's 1lithostratigraphy are
apparent on the east-west sectioﬁ (Fig. 6.15). The organic-rich
silt unit attains a fairly uniform thickness of 11 to 12 m under
the eastern part of the island. This thick silt extends from the
apex of the delta in the vicinity 6f site D24, approximately 8
km to the southwest to the vicinity of site D55 on Lulu Island.

The Dbase of the silt 1in this region lies at a depth of
about 13 m below mean sea level. The top of the silt unitkgrades
into the overlying surface peat deposits at an elevation of
about 1 to 2 m below mean seé level (excluding what are probably
erroneously deep peats on the Department of Highways profiles -
see sections 6.2.1.3, 6.3.2.1). |

To the west of site D55, the organic-rich silt unit becomes
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progressiveiy thinner, except for between sites D26 and D58,
‘where the base of the silt unit levels off, remaining at about
3.5 m below mean sea level (Fig. 6.15).

The thickness of the silt unit becomes fairly wuniform, at
about 1 to 2 m, west of site D47, with 1its base lying
approximately at the elevation of mean sea level. A tephra bed
occurs within the organic-rich silt unit underlying eastern Lulu
Island (Fig. 6.15). The tephra bed occurs at a depth of 6 to 7 m
below mean sea level and appears to extend from the apex of the
delta to at least as far as site D55,

A buried peat layer occurs at an elevation of approximately
3.5 m below mean sea level within the silt unit. The peat bed
appears to extend from the apex of the delta to the vicinity of
site D26 (Fig. 6.15).

The interbedded silts, sands and sandy silts underlying the
organic-rich silt unit, are about 1 to 2 m thick in both the
eastern and western parts of the section (Fig. 6.15). Under the
central part of Lulu Island, however, the thickness of this unit
increases considerably, attaining a thickness of about 8 m
beneath site D25,

Massive sands wunderlie the interbedded silts, sands and
sandy silts, occurring at a depth of about 15 m below méan sea
level under eastern Lulu Island, but at only 1 to 2 m below mean
sea level beneath the island‘s western margins.

The strike sections (Fig. 6.16 - 6.20) attest to the
lateral continuity of the general 1lithostratigraphic framework

established by the main east-west section (Fig. 6.15). The
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section runnihg across the eastern part of Lulu Island (Fig.
6.20), shows that the thick organic-rich silt unit continues to
be present, both north and south of the central axis of the
island. The section shows that the tephra bed occurs near the
northern edge of the deltaic deposits in this area (Fig. 6.20 -
site D43) and that the peat bed also occurs further to the south
(Fig. 6.20 - site D57).

The section across the western edge of the island (Fig.
6.16) confirms that both the organic-rich silt unit and the
interbedded silts, sands and sandy silts remain relatively thin
(<3 m each) both north and south of the central region.

The central north-south section (Fig. 6.18) indicates that
the increase in thickness of the interbedded silts, sands and
sandy silts unit continues to be found to the north of the
central axis of the island.

Similarly, the two remaining north-south sections (Fig.
6.17, 6.19) confirm the lateral continuation of deposits shown
on the main east-west section, 1in respect of their vertical
order and extent. In addition, the east-central section (Fig.
6.19) contains another occurrence of the tephra bed (site D46)
at approximately the same elevation as it occurs on the central
east-west section (Fig. 6.15).

These findings enable a generalized model of Lulu Island's
lithostratigraphic framework along proximal-distal trends to be

developed (Fig. 6.22).



DISTAL

D41
4-

PROXIMAL

0241

D23

D26

D44

iyt
l'!'lal'|'l'l'|'l'°':':':

l,l,l,,l,l,l,lx,||1,|||,|,|,|,|,|,| .
RIS AN
SEUMNMINS CRNARANNN €
NRRLINND AN O
UYL AN §
AN SN £
|,t,t,|,|,v,|x.l,l,l,l,l,l,lllln,l .
NN ONANBANNNT €
WAAANIRED (IFEFENE- TP NI ©
T e X Q)
'|'|'|'|'|'|"X|'|'|'|E|'|'|'|'|"
Tyttt i TANNN £

IMAYANARL ¥
l'l'l'l'!'l'm'l'l'lEl'l'l'l'l' !
L ANEN R PPN FINT TN NY €
Phate by Vit S0y o AL B
|l|lll|l|l,lml'llllw__lllhl,l'
IR NI R - P LY = 2e=n PR &
-:l.l:l,l:lllul:l:l,oml:lll:l .
L LN S I A A L TR €
ALYV e ARSI NI RS I A NN €
ALY AR AT I YIS
NIRRT &
AR AN N PRI R A RY N §
MMM AN §
MATANINED (NI RIRS I B
NN AR IR PRI O o,
MM RIAVATED {LEITSY *oa ni B e
WL LYARLNID {15V " A DA I AP
AR AR e, .
NN B

SILTS, SANDS ‘2

AND SANDY SILTS

Figure 6.22 Generalized lithostratigraphy of Lulu Island

131



132
6.4.2 LULU_ISLAND—FRASER RIVER FLOODPLAIN LITHOSTRATIGRAPHY
| The east-west lithostratigraphic section (Fig. 6.21) shows
that the subsurface peat and tephra layers are clearly traceable
from the deltaic deposits into the adjoining floodplain
éediments.

On the basis of this «clear correlation between the two
areas, the organic-rich silts, clays, sandy silts and fine sands
that enclose the peat and tephra beds in the floodplain
deposits, are tentatively correlated with the organic-rich silt
unit that encloses the two marker beds on Lulu Island (Fig.
6.21).

Similarly, the interbedded silts, sands and sandy silts
unit and the massive sands underlying eastern Lulu Island are
tentatively correlated with deposits that are present at a
similar depth beneath the Fraser River floodplain (Fig. 6.21 -
site TH85-14).

The similarity in depth to the two marker beds (peat and
tephra) on the delta and on the floodplain (Fig. 6.21), further
supports the contention that subsidence has not been a
significant factor in the evolutidn of the delta (section
2.4.1). Had significant subsidence occurred on the delta, these
two marker beds would presumably be encountered at a greater

depth than on the adjoining floodplain.

6.5 SUMMARY

On the basis of the lithostratigraphic sections, the major

features of the regional lithostratigraphy of Lulu Island and



133
the adjoining Fraser River floodplain, to a depth of about 20 m,
have been established (Fig. 6.22).

The deposits wunderlying these areas consist of six major
lithofacies: peat; organic-rich siit; interbedded silts, sands
and sandy silts; massive sands; organic-rich clay, and tephra.

Surface peat accumulations blanket much of the Fraser River
floodplain, eastern and central Lulu Island, extending to within
about 5.5 km of the western delta front.

Underlying the peat on eastern Lulu Island is an 11 to 12 m
thick organic-rich silt layer which merges laterally with
apparently coeval floodplain sediments, consisting of 11 to 12 m
of clays, silts, sandy silts and sands.

The organic-rich silts become progressively thinner across
central Lulu Island, attaining a uniform thickness of 1 to 2 m
within 4 km of the western delta front.

Relatively thin (1 to 2 m) interbedded silts, sands and
sandy silts underlie the organic-rich silts in both the western
and eastern parts of Lulu Island. These deposits become
considerably thicker (up to 8 m) beneath central Lulu Island. In
the east of the island, this unit is encountered at 13 to 15 m
depth and is tentatively correlated to a silty sand layer
present at a similar depth beneath the adjoining floodplain
sediments (Fig. 6.21, site TH85-14).

Massive sands underlie all other deposits on Lulu Island,
being encountered at a depth of about 15 m below mean sea level
in the east, but at only 1 to 2 m in the west. Borehole evidence

from the adjoining Fraser River floodplain suggests that the
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massive ,sénds underlying eastern Lulu 1Island also extend
eastward beneath the floodplain deposits (Fig. 6.21, site TH85-
14),

Two marker horizons - a peat bed and a tephra layer -
closely parallel the present-day surface, at depths of about 5 m
and 8 m respectively (Fig. 6.21). These marker horizons are
clearly traceable from the floodplain sediments down into the

adjoining deltaic deposits.
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CHAPTER SEVEN

FACIES INTERPRETATIONS

7.1 INTRODUCTION

This chapter concerns the establishment of depositional
environments for the facies present in the subsurface of Lulu
Island. This will be based on a comparison of the 1lithologic,
structural and organic characteristics of the subsurface facies
to those of contemporary depositional environments, using the

interpretive framework developed in chapters 3, 4 and 5.
7.2 LITHOFACIES INTERPRETATIONS

7.2.1 INTERPRETATIONS BASED ON FIELD LOGGING OF CORE LITHOLOGY

On the basis of field logging alone, there would appear to
be a clear correspondence between the organic-rich silt,
interbedded silts, sands and sandy. silts, and massive sands
lithofacies (Fig. 6.22) and deposits of the contemporary tidal
marsh/floodplain zoneu transition zone and sand flat zone,
respectively (Fig. 3.10).

Visually, the organic-rich silt lithofacies is identical to
contemporary tidal marsh/floodplain zone deposits. Both consist

of predominantly silt-sized particles, contain abundant organic

! Tidal marsh and floodplain deposits are lithologically

similar - see sections 2.2.4, 3.1.
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material, show signs of horizontal bedding and, for the most
part, contain little or no sand (e.g. compare Figures 3.5 and
6.8).

Similarly, the interbedded silts, sands and sandy silts
lithofacies has the 1lithologic <character of transition =zone
deposits (section 3.4.1). Both contain a relatively wide
variation in sediment sizes, incorporate scattered organic
material and contain fining-upward sequences overlying erosional
bases, presumably formed by shifting tidal channels.

The massive sands lithofacies has a sediment character that
is similar to that of the contemporary sand flat zone (section
3.4.1). These deposits are relatively coarse, well-sorted,
contain little or no organic material and appear mostly
structureless.

The only obvious contrast between the subsurface
lithofacies and the contemporary intertidal deposits is the
greater thicknesses attained by the organic-rich silt and
interbedded silts, sands and sandy silts underlying Lulu Island,
in . comparison to the vertical extent of their contemporary
counterparts (Fig. 3.10).

In addition to the litholégic similarity, the
lithostratigraphy of Lulu Island (Fig. 6.15), strongly suggests
that the contemporary tidal marsh/floodplain zone, transition
zone ‘and sand flat zone do, indeed, have a direct correlation
with tﬁe organic-rich silt, interbedded silts, sands and sandy
silts, and massive sands underlying Lulu Island.

In particular, the base of the organic-rich silt
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lithofacies, marked by a pronounced lithologic transition, forms
a prominent lithostratigraphic marker which is readily traceable
from the subsurface deposits to the base of the contemporary
tidal marsh zone environment '(approximates mean sea level on

Fig. 6.15).

7.2.2 INTERPRETATIONS BASED ON GRAIN SIZE ANALYSIS

In order to add a degree of quantitative support to the
interpretations based on field 1logging, mean grain size and
sorting values were determined for a series of samples from core
D25 (central Lulu Island) and core D23 (eastern Lulu Island)
(Fig. 6.15). These values were plotted onto a bivariate plot
containing the previopsly defined envelopes corresponding to the
grain size characteristics of the three intertidal environments
(section 3.1 - Fig. 3.2).

The result (Fig. 7.1) shows that samples from the organic-
rich silt lithofacies from both cores plot within or adjacent to
the tidal marsh/floodplain zone envelope. This includes samples
from 200 to 1450 cm depth in core D23, but from only 200 and 310
cm depth in core D25, where the organic-rich silt wunit 1is
relatively thin (Figqg. 6.15).

Samples from the interbedded silts, sands and sandy silts

unit within both cores fall within or adjacent to the transition

1 Since floodplain sediments are known to be
sedimentologically similar to tidal marsh deposits (section
2.3.4), for the purposes of interpretation the envelope defined
by tidal marsh grain size characteristics has been renamed
'tidal marsh/floodplain’'.



4.01

3.0+

sorting (phi)
N
<

139

TRANSITION ZONE

TIDAL MARSH
/FLOODPLAIN
ZONE

J450 209

310, 1100 %200,
. 400, " 9003 x1000
xX
00 700 1400 "8’("?200
1300 X~
X600

SAND FLAT x D23

ZONE o D25
300 Sample depth

(cm)

] | ] L] L}
1.0 20 30 40 50 60 70 80 90 100
mean grain size (phi)

Figure 7.1 Mean grain size v sorting: cores D23 and D25



140
zone (mid-tidal) envelope. This includes the majority of samples
;(410 - 1130 cm depth) from core D25, where this unit attains its
greatest thickness, but only two samples (1475 and 1510 cm
depth) from core D23, where the unit is much thinner.

Samples from the massive sands unit from the basal parts of
both core D25 and core D23, plot within or adjacent to the sand

flat zone envelope (Fig. 7.1).

7.2.3 SUMMARY OF LITHOFACIES INTERPRETATIONS

An examination of the lithology of Lulu Island's subsurface
deposits based on drill cores, suggests that there is a close
lithologic similarity between the subsurface organic-rich silt,
interbedded silts, sands and sandy silts and massive sands, and
deposits of the contemporary tidal maréh/floodplain zone,
transition zone and sand flat zone, respectively.

An analysisk of particle size distributidns of sémples
collected from the three subsurface lithofacies confirms this
similarity. Grain‘ size characteristics of the subsurface
deposits dq ‘closely match those of their apparent contemporary
counterparts.

Further support is provided by consideration of Lulu
Island's 1lithostratigraphy. Apparent correlations between the
drill cores indicate that the subsurface deposits are contiguous
landward extensions of the aforementioned contemporary
depositional environments.

On the basis of these findings, the organic-rich silt

lithofacies is tentatively interpreted as being of tidal marsh
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zone and or floodplain origin; the interbedded silts, sands and
sandy silts lithofacies is tentatively interpreted as a mid-
tidal transition zone deposit, and the massive sands lithofacies
is tentatively interpreted as a lower tidal sand flat zone

deposit.

7.3 BIOFACIES INTERPRETATIONS

7.3.1 PALYNOLOGICAL ANALYSIS

7.3.1.1 Introduction

The primary purpose of the palynological component of this
study was to provide a means of distinguishing between
lithologically-similar tidal marsh and floodplain deposits; a
secondary purpose was to provide some independent confirmation
of the environmental interpretations based on lithlogic criteria
(section 7.2)\.

For these reasons, and because palynological techniques can
be time-consuming, samples were selected from only one core -
D23, located on eastern Lulu Island where the thick organic-rich
silt unit is known to be present (Fig. 6.15).

Twenty-nine samples were collected from depths ranging from

145 cm (within the surface peat layer) to 1510 cm (within the

! Raw pollen counts were provided by R. Hebda, Provincial

Museum, Victoria, B.C. All other aspects of the pollen analysis
were carried out by the author.
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interbedded silts, sands and sandy silts, tentatively identified
as mid-tidal deposits). The samples were analysed for their
pollen and spore contents | using standard palynological
techniques. The resulting raw pbllen counts were then plotted
using the MICHAGAMA '(Futyma, 1986) plotting program, enabling
the variations in pollen and spore assemblages to be examined

and pollen zones to be determined.

7.3.1.2 Results
The resulting pollen diagram (Fig. 7.2) contains six

apparent zonations of contrasting pollen and spore assemblages:

ZONE D23-1: 1510-1420 cm. Pinus zone

This zone is distinguished by a very high arboreal non-
arboreal pollen ratio (95-96%), reflecting high Pinus values
(60-67%), in two of its samples and relatively high values of
Cyperaceae (sedge) pollen (0.7-33.7%) and monolete fern spores

(2.8-9.4%). Contributions from Poaceae (grasses), Lysichiton

americanum (skunk cabbage) and Equisetum (horsetail) also reach

relatively high values in some samples within this zone, but
attain =zero or very low percentages in other samples. The
contribution from shrub vegetation is for the most part zero or
very low (0-1.7%).

The occurrence of very high percentages of Pinus pollen
within this zone strongly suggests an intertidal environment.
This is supported by the relatively large contributions from

Cyperaceae (sedges), which are known to be abundant in the
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contemporarf intertidal setting (Hebda, 1977). However, the
occurrence of a Lysichiton and_Eguisetum component is somewhat
contradictory, since these are known to usually be absent in
intertidal deposits (section 4.4, Table 4.1).

These findings suggest that the deposits of this =zone
originated in a brackish-water intertidal environment with a
considerable fluvial influence, probably due to the close
proximity of a fluvial source. It may be that in the delta's
natural state (prior to river training, dyke construction etc.)
the boundaries between the intertidal and supfatidal
environments were less clear-cut, allowing the intrusion of
characteristic floodplain vegetation into the upper intertidal
zone at the delta front. Consequently, the pollen spectrum is
dominated by large fluvial inputs of arboreal pollen (especially
Pinus) and reflects local stands of marshy delta front

vegetation (Cyperaceae, Lysichiton, Equisetum).

ZONE D23-2: 1420-780 cm. Poaceae - Lysichiton - Equisetum zone

This zone is characterized by consistently high wvalues of

the emergeht freshwater aquatics Lysichiton americanum (skunk

cabbage) (0.3-51.3%) and Equisetum (horsetail) (1.7-22.7%).
Cyperaceae (sedges) (1.2-35.3%) and Poaceae (grasses) (0.7-
55.3%) are also abundant. The relative contribution from
arboreal sources declines sharply (to about 30%). The shrub
component is low to non-existent throughout (0.1-1.0%).

This assemblage indicates that these deposits formed in a

marshy supratidal environment, somewhat more distal from the
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delta front than the preceeding zone and similar to the present-
day river marsh setting (section 4.2.4). Regular frequent
flooding of this environment would favour the development of a
wetland plant community, while ekcluding the establishment of a
shrub storey. The lower proportion of fluvially derived arboreal
pollen in these deposits probably reflects dilution of the
fluvial component by local inputs; the wetland plants being
capable of abundant pollen and spore production (Hebda, pers.

comm, ),

ZONE D23-3: 780-590 cm. Arboreal-shrub zone

This zone is distinguished by the appearance of a
substantial shrub component (Myrica (sweet gale) (0-5.7%),
Ericaceae (0-1%), Rosaceae (0.3-2.0%), Caprifoliaceae (0-0.4%),
Cornus (dogwood) (0-0.4%)); a pronounced increase in the ratio
of arboreal to non-arboreal pollen (to about 80%) and a marked
decline in Poaceae (grasses) (1-14.6%), Cyperaceae (sedges) (1-

5%) and the emergent aquatics, Lysichiton americanum (skunk

cabbage) (0.6-6%) and Equisetum (horsetail) (0.3-6.2%).

The establishment of shrub vegetation suggests a slight
increase in the relative elevation of the site, probablykto just
about high tide level, and/or a more distal setting for the site
relative to fluvial sources (distributary channels and delta
front).

A more distal setting would tend to reduce the amount . of
fluvially-derived nutrients reaching the site, rendering it less

eutrophic than the preceeding river marsh site (zone D23-2).
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This condition is favourable to shrub development (Hebda, pers.

comm, ).

ZONE D23-4: 580-470 cm. Rosaceae zone

This zone is dominated by shrubs of the Rosaceae family (1l-
62.5%) and contains a sharp drop in the arboreal pollen
component (to about 30%). The herbaceous contribution remains at
reduced values (0-4.7%), as in the preceeding zone.

These findings suggest that the site became sufficiently
elevated, and or distal to fluvial sources, to increase the
dominance of shrub vegetation (probably in the form of Spiraea
douglasii (hardhack) - Hebda, pers. comm.) and reduce the input
of flood-derived arboreal pollen.

The pollen assemblages of this zone and the preceeding zone
D23-3, together resemble the natural successional sequence that
accompanies the progressive elevation of the delta surface above
sea level and which may culminate in raised peat bog conditions

(Hebda, 1977 - the lower part of his Fig. 50).

ZONE D23-5: 470-232 cm. Arboreal-shrub zone
This zone resembles zone D23-3., Shrubs dominate the 1local
vegetation (0.3-4.1%), while grasses and marsh plants

(Lysichiton, Equisetum) remain comparatively subdued (0-6.3%).

The return of the arboreal component to relatively high levels
(to about 80%) suggests an increasing fluvial influence at the
site and hence more regular and frequent flooding and or a site

more proximal to fluvial sources.
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ZONE D23—6:'232—l45 cm. Rosaceae- Lysichiton zone
The contribution from Rosaceae undergoes a distinct
increase in this =zone (0.7-7.1%), while there is a pronounced
drop in the ratio of arboreal to non-arboreal pollen (89 to 33%,

from 190 to 145 cm). Lysichiton americanum (skunk cabbage)

attains a high value at 145 cm (48.3%), although other emergent
aquatics (Poaceae, Cyperaceae, Egquisetum) remain comparatively
low (0-2.2%).

These findings suggest the site was characterized by
shrubby thickets containing marshy openings occupied by

Lysichiton americanum (skunk cabbage). The decrease 1in the

arboreal component suggests a reduced fluvial influence,
indicating that the relative elevation of the site had increased
and or the site had become more distal to fluvial sources.

As for =zones D23-3 and D23-4, the pollen assemblages of
zones D23-5 and D23-6 together resemble the natural vegetational
successional sequence associated with the early stages of raised

peat bog development (Hebda, 1977).

7.3.1.3 Summary of palynological interpretations

A major result of the palynological analysis is the
resolution of the thick organic-rich silt unit into ité 'tidal
marsh' and 'floodplain' components.

The findings indicate that the bulk of the organic-rich
silt unit formed 1in a 'floodplain-like' setting, dominated by
fluvially-derived floodwaterbdeposition in the supratidal zone.

This part of the unit is characterized by pollen and spores of
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Poaceae (grasses) and the emergent aquatics Lysichiton and
Equisetum. The arboreal component is comparatively small.

Tidal marsh deposits are apparently restricted to a
relatively thin layer (up to about 1420 cm depth) 1in contact
with the underlying interbedded silts, sands and sandy silts
unit. High percentages of arboreal pollen (especially Pinus)
occur within this zone, as well as a relatively high proportion
of pollen and spores from Cyperaceae (sedges), monolete ferns
and emergent aquatics. The shrub contribution 1is low. This
assemblage most likely represents an intertidal, delta front
location, but with a significant fluvial influence.

In general, the results of the palynological study confirm
the findings based on lithology: the interbedded silts, sands
and sandy silts wunit has a pollen and spore assemblage
characteristic of the intertidal =zone; the organic-rich silt
unit consists of a thin basal layer of tidal marsh deposits,
overlain by a much thicker accumulation of floodplain sediments.

Within the floodplain deposits  there are two zones
containing the successional sequence corresponding to peat bog
development: one at a depth of about 780 to 470 cm, associated
with the buried peat layer at 525-550 cm depth; and another at
about 470 to 145 cm depth, associated with the surface peat

horizon.



149
7.3.2 MICROPALEONTOLOGICAL ANALYSIS

7.3.2.1 Introduction

Distinct elevational zonations of foraminifera species have
been established for the contemporary intertidal surface
(chapter 5). These findings offer the pdtential for the
environmental interpretation of core samples based on their
incorporated foraminiferal assemblages. Such interpretations may
provide further independent support for the environmental
interpretations based on lithology and palynology.

Whereas the palynological study was primarily designed to
enhance interpretive resolution within the organic-rich silt
lithofacies (by intensive sampling of one core), the
foraminifera study was aimed at providing a more general
confirmation of the environmental interpretations based on core
lithology.

Consequently, a total of 41 samples were collected from 15
widespread core locations. In each -case, a few samples were
obtained from the section of the core tentatively interpreted as
- being of intertidal origin, based on lithologic criteria.

The samples were examined for their foraminiferal contents

using the procedures outlined in section 5.3.2.

7.3.2.2 Results
The results of the analysis of the core samples are shown
in Table 7.1. Surprisingly low numbers of foraminifera were

found in the samples. Only nine samples, from four of the cores



Table 7.1 Absolute and relative species abundance:

core samples
Specles Abundance (No/density per 100 g)

Sample Depth Welght Polystomammina Haplophragmoldes Mitlammina
No cm g grisea sp. cf. H. canarlensls fusca
D79 200 © 251.50 18/7.2 1/0.4
D79 250 628.10 5/0.8
D79 300 502.70
D79 350 " 464.20
D79 400 555.70 1/0.18
D79 450 416.80
D79 500 487.00
D79 530 419.60
D78 200 331.40
D78 250 410.00 12/3
D78 300 440.40
D78 350 424.30 7.6
D78 400 615.60
D78 450 493.00 1/0.2
D78 500 .517.70
D78 550 248.00
D60 370 475.80
D60 460 443.20
Deo 590 267.50
Deo 630 320.10
D59 310 491.90
D59 350 563.90 2/0.35 1/0.18
D59 450 664.20 2/0.3
D59 550 511.10
D48 250 343.00
D48 380 458.00
D47 340 285.60
D58 390 450.30
D58 430° 292.70 40/14
D58 475 301.20
D25 310 46.40
D27 460 44.40
D27 560 43.40
D27 660 54.50
D26 570 39.80

-D26 670 68.40
D33 - 380 57.70
D54 740 144.40
D45 260 240.80
D44 265 226.70

D55 900 335.10
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studied, were found to contain any foraminifera.
Within these nine samples, only three of the five known

contemporary intertidal species were present - Polystomammina

grisea, Haplophragmoides sp. cf. H. canariensis and Miliammina

fusca. In most cases, specimen density was very low - five of
the nine samples had densities of less than one specimen per 100

g of sample (Table 7.1).

7.3.2.3 Discussion

The finding that so few samples contain foraminifera, and
in such low numbers, appears to support the suggestion made in
section 5.5, that foraminiferal tests are not well preserved in
the subsurface of the delta. The lack of foraminifera in itself
does not imply a non-marine origin. It has already been
established that samples of known intertidal deposits may have a
zero foraminifera content (Table 5.2, samples TFC2: 40; TFC4:
48, and TFC4: 85).

Consequently, environmental interpretations may only be
suggested for the nine samples that do contain foraminifera
specimens. Of these samples, only one contained a sufficient
number of specimens to support an environmental interpretation
in terms of the elevational zonations established in chapter 5.

The sample from core D58 at a depth of 430 cm contained 40

specimens of Polystomammina grisea (a density of 14 per 100 g).
The presence of a relatively large concentration of this
species indicates an upper intertidal origin for this sample,

probably between 50 and 140 cm above mean sea 1level (sections
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5.4.1.2, 75;5) (B. Cameron, Pacific Geoscience Centre, pers.
comm., ).

The presence of intertidal foraminiferal species 1in the
other eight samples, although in insufficient numbers to
indicate the elevation of depbsition, does at least indicate
that these deposits probably accumulated within the intertidal

zone.

7.3.2.4 Summary of micropaleontological interpretations

Interprétations of depositional environment could be
applied to deposits of only four cores used in the foraminifera
study, due to apparently poor preservation of foraminifera tests
in the subsurface.

Samples from a depth of 200, 250 and 400 cm in core D79;
250, 350 and 450 cm in core D78, and 350 and 450 cm in core D59,
are all given the general interpretation of "intertidal
deposits”.

The sample containing the greatest density of foraminifera
specimens, at 430 cm depth 1in core D58, can be given a more
specific environmental interpretation. This sample probably
formed in the upper intertidal zone, between 50 and 140 cm above
mean sea level. Given the present elevation of this sample (-
3.67 m), this finding suggests that mean sea level at the time

of deposition was some 4.17 to 5.07 m lower than at present.
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7.4 SUMMARY AND SYNTHESIS OF LITHOFACIES AND BIOFACIES

INTERPRETATIONS

The paleocenvironmental interpretations based on lithology,
palynology and foraminiferal analysis, are summarized in diagram
form in Figure 7.3. Table 7.2 summarizes the éontribution from
each aspect of the study towards the overall facies
interpretations.

The overall lithostratigraphic framework and preliminary
facies interpretations are provided by logging of core
lithology. These interpretations are supported and improved upon
by the palynological analysis, which provide a means of
distinguishing between the lithologically-similar floodplain and
tidal marsh deposits. The results of the foraminifera study,
although very limited, nevertheless provide further independent
confirmation of the facies interpretations based on lithology
and palynology, and additional evidence of a 1lower sea level
during Lulu Island's development.

‘ On the assumption that the reéults of the palynological
analysis of core D23 can be extended to the rest of the organic-
rich silt unit (i.e. the relative proportions of tidal marsh and
floodplain deposits remain about the same throughout'the\ unit),
generalized facies interpretations can now be established for

the subsurface deposits of Lulu.Island (Fig. 7.4).



DISTAL PROXIMAL
[T }] [ X 7] D26 b2y D24

ORGANIC-RICH SILT:

(a) Lithology

DISTAL PROXIMAL
. o4t D44 D26 D23 b24
2+
ol » \ JreAT Bos
-2 22 rLanoPLAN
-4 +{PEAT BOB
-6
. LODDPLAIN
10+
2]
0
ol - } | INTERT DAL
16
(b) Palynotogy
DISTAL PROXIMAL

D79078D59 D38

I: INTERTIDAL
104 U: UPPER INTERTIDAL

[] H
14 )
4 Ty

(c) Hicropaleontology

Figure 7.3 palecenvironmental interpretations

* (a) interpretations based on generalized
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Table 7.2 Facies characteristics and

LITHOLOGIC
CHARACTERISTICS

Peat. Horizontally
bedded.

Organic-rich silt,
horizontally bedded.
bioturbated.

Organic-rich silt,
horizontally bedded.
bioturbated.

Organic-rich silt,
horizontally bedded.
bioturbated.

Interbedded slits and
sands. scattered
organics. Horizontal
bedding. Some
gradations in grain
size, some shallow
angle cross bedding,

some aburpt contacts.

Bioturbated.

Well sorted fine to
medium sand. Very
littte silt or organics.
Some gradations in
grain size, otherwise
appears structureless.

DISTINCTIVE
PALYNOLOGICAL
COMPONENTS

Rosaceae. Reduced
arboreal component.

Substantial shrub
component (Myrica,
Ericaceae, Rosacease,
Caprifoliaceas,
Cornus). Increased
arboreal component.
Decreased grasses,
sedges and emergent
aquatics.

Emergent aquatics.
Lysichiton, Equisetum,
poaceae, Cyperaceas.
Reduced arboreal and
shrub components.

High arboreal/non
arboreal pollen ratio.
relatively high
Cyperaceae, and
monolete fern spores.
Variable grasses/
emergent aquatics
component. Zero to
low shrub component.

Very high arboreal/non
arboreal pollen ratio.

Relatively high monolete

fern spore component.

Very high arboreal/non
arboreal pollen ratio.

Relatively high monolete

fern spore component.

paleoenvironmental

FORAMINIFERAL
CONTENT

None.

None.

None.

Polystomammina *
grisea,
Haplophragmoides sp.
cf. H. canariensis.

May include
Polystomammina
grisea,

Haplophragmoides sp.

cf. H. canariensis,
Ammonia beccarll,
Miliammina fusca,

Rosalina columbiensis.

.

May include
Polystomammina
grisea,
Haplophragmoides sp.
of. H. canariensis,
Ammonia beccarii,
Miliammina fusca,

Rosalina columblensis.

* Foraminifera tests are apparently poorly preserved in the
subsurface of the delta and few, if any, may be present
in the intertidal samples.

interpretations

PALEOENVIRONMENTAL
INTERPRETATION

Peat bog.

Distal floodptain

(less eutrophic, increased
elevation and/or more
distal to fluvial sources).

Proximal floodplain
(marshy, frequent fiooding,
proximal to fiuvial sources).

Tidal marsh
(upper tidal)

Transition zone
(mid tidal)

Sand flat zone
(fower tidal)
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CHAPTER EIGHT

CHRONOLOGY

8.1 INTRODUCTION

This chapter outlines a chronology of Lulu Island's growth.
Chronological control was obtained from two sources - '*C dates,
obFained specifically for this study and from previous research,
and identification of the source of the tephra bed underlying

eastern Lulu Island and the adjoining Fraser River floodplain.

8.2 '“C DATES

B8.2.1 INTRODUCTION‘

Cores obtained from the eastern part of the study area
contained an abundant amount of organic material suitable for
4Cc dating. Samples were obtained from the surface and buried
peat layers, as well as from throughout the organic-rich silt
unit. |

On the western side of Lulu Island, sampling opportunities
were more limited. Here, there was no surface peat layer and the
organic-rich silt unit was much thinner than in the east. Large
(ca. 5 cm) wood fragments were, however, found in some of the
cores from western Lulu Island and these were retained for

possible 'C dating.
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Most 6f the samples submitted for dating consisted of peat
or organic-rich silt. In all cases, these samples were obtained
from the central part of 'a core (away from possible
contamination near the edges) and were collected from deposits
that were <clearly in situ, as indicated by the presence of
intact sedimentary structures within, or enclosing, the sample
(e.g. horizontal laminations within the organic-rich silt unit -

see Fig. 6.8).

8.2.2 SAMPLE SELECTION

The selection of samples for 'C dating was designed to
meet three major objectives:
(i) in order to «calculate vertical sedimentation rates
pertaining to the thick floodplain deposits underlying the
eastern delta, three samples were collected from the top,
central and basal parts of the organic-rich silt unit of core
D23 (Fig. 6.1).
(ii) in order to provide a proximal to distal series of dates
(including the dates from the eastern delta in (i) above), to
facilitate calculations of the delta's lateral progradation
rates during the Holocene, a number of samples were obtained
from cores in the central and western parts of Lulu Island (D60,
D41, D59, D44, D32 - Fig. 6.1).
(iii) in order to date the buried peat bed and to confirm that
the peat bed does, in fact, represent a contiguous, coeval
paleosurface, samples of the buried peat bed were obtained from

three widely spaced locations (D52, D69, D71 - Fig. 6.1).
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8.2.3 RESULTS
| A total of eleven samples were submitted for dating; the
results, along with details ofbother dates referred to in this

study (see chapter 2), are presented in Table 8.1.

8.2.4 DISCUSSION

The series of three dates from core D23 (Fig. 6.15) show
that the thick floodplain deposits underlying eastern Lulu
Island began forming about 7960 yr BP (GSC-4255). The
accumulation of floodplain sediments ended at about 4410 yr BP
(GSC-4194) and the overlying peat deposits began to form. The
date of 5500 + 70 yr BP (GSC-4238) from the central part of core
D23, suggests that the rate of deposition of the floodplain unit
was greater between ca. 7960-5500 yr BP than between ca. 5500-
4410 yr BP!

The dates from the central and western parts of Lulu
Island, ranging from 4080 + 60 to 1840 + 160 yr BP (TO-407 and
GSC-4275, respectively), reflect the more recent growth of this
part of the delta. The most recent date - 1840 + 160 yr BP (GSC-
4275) - was, as would be expected, obtained from the most
westerly sampling location (D41 - Fig. 6.3).

The three dates obtained on the samples from the = buried
peat layer are in remarkably close agreement. Dates of 6025 +
105, 5840 + 145 and 5990 + 155 (S-2872, S-2866 and §5-2867,

respectively) were yielded by these samples, the most westerly

1 Calculation and discussion of sedimentation rates will

appear in chapter 9.
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and easterly of which (from cores D52 and D71, respectively)
‘wére sepérated by over 20 km (Fig. 6.21).

These results strongly support the contention that the
buried peat 1layer represents  organic accumulations on a
contiguous, coeval paleosurface, underlying eastern Lulu Island
and the adjoining Fraser River floodplain. Based on the
radiocarbon dates, the peat marker horizon is assigned an age of
ca. 6000 yr BP. |

This evidence suggests that a hitherto unknown stillstand
of sea level occurred at ca. 6000 yr BP. The stillstand was of
sufficient duration (presumably several hundred years) to allow
extensive peat deposits to develop on the (former) terrestrial
surface of the delta.

The approximate duration of the stillstand can be éstimated
from the thickness of the resulting peat deposits. Hebda (1977}
calculated an average rate of peat accumulation in Burns Bog on
the southern Fraser Delta, of 6.67 cm per 100 years. A figure of
7 cm per 100 years was determined for Jesmohd Bog.in southern
B.C. (Nasmith et al., 1967). In addition, the base of the
surface peat deposits on Lulu Island, which average about 3 m in
thickness, has been dated in this study at 4410 + 70 yr BP (GSC-
4194 - Table 8.1), giving an average accumulation rate of 6.8‘cm
per 100 years.

On the basis of these accumulation rates, the buried peat
layer, which averages about 25 - 30 cm in thickness, probably
formed in approximately 400 years. Therefore, it will be assumed

that the stillstand occurred from about 6200 to 5800 yr BP.
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The estimated timing of the stillstand appears reasonable
in terms‘of the dates which bracket the buried peat layer in
core D23, A date of 5500 + 70 yr BP (GSC-4238) occurs 22 cm
above the peat, and tephra, presumably 6800 yr BP Mazama

(section 2.4.3), occurs 3 m below the peat bed (Fig. 6.6).
8.3 TEPHRA IDENTIFICATION

8.3.1 INTRODUCTION

The tephra beds found throughout the eastern part of the
study area may represent a potentially valuable time-
stratigraphic marker horizon. In order to determine if this is
the case, the source of the tephra must be identified and it
must be shown that all occurences of the tephra bed are part of
a single tephra deposit, originating from the same source.

Tephra from three major Holocene eruptions are known to be
widely distributed throughout southern British Columbia. These
are, Mazama (6800 yr BP), Mt. St. Helens Yn (3400 yr BP) and
Bridge River (2350 yr BP) (Nasmith et al., 1967; Westgate and
Dreimanis, 1967; Westgate et al., 1970; Mathewes and Westgate,
1980).

The presently-known distributions of these three tephra
units in British Columbia suggest that only Mazama tephra occurs
in the vicinity of the Fraser River delta (Fig. 8.1). The
possibility does remain, however, that the actual distributions
of the Mt, §St. Helens ¥n and Bridge River tephras are

considerably larger than shown, but have yet to be positively
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identified beyond the boundaries indicated. Tephra related to
the Bridge River eruption, for example; has been tentatively
identified in lake sediments near Lytton in southern British
Columbia, a considerable distance south of the previously
documented fallout zone (Mathewes and Westgate, 1980) (Figq.
8.1).

Nevertheless, the distributions shown in Figure 8.1 and the
stratigraphic position of tephra layers in relation to nearby
radiocarbon dates, have been used as a basis for (tentative?)
identification of tephra as "Mazama" in previous studies in the
Lower Mainland (Blunden, 1973, 1975; Clague et al., 1983).

The radiocarbon dates obtained for this study also provide
good evidence that many of the tephra beds encountered in this

study are of Mt. Mazama origin. The tephra bed in core D23, for

o

example, is bracketed by dates of 7960 + 140 yr BP (GSC-4255)
and 5500 + 70 yr BP (GSC-4238). Six of the other fifteen
occurences of tephra in this study (in cores D52, D69, D71, D72,
D73 and D74) are found stratigraphically below the buried peat
ma%ker horizon dated at ca. 6000 yr BP (section 8.2.4),
precluding a Mt. St. Helens Yn or Bridge River origin for these
tephra layers.

However, the peat marker horizon was not encountered in
cores containing the remaining nine tephra layers (in cores D29,
D43, D46, D50, D55, D64, D62, TH84-913 and TH85-14). The
identification of these tephra beds as Mazama can only be

inferred from their stratigraphic positions.

Since the tephra beds have the potential of providing very
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valuable geochronological control for this study (and for future
studies in the same area), it was decided to examine the
chemical composition of the tephra, in an attempt to show that;
firstly, all the tephra beds have similar chemical
characteristics and thus are likely part of the same widespread
tephra layer, originating from the same source; and secondly,
that the "chemical fingerprints” of these tephra layers match
those of known Mazama tephras and are distinct from those of Mt.
St. Helens ¥Yn and Bridge River.

The technique of energy dispersive X-ray fluorescence (XES)
analysis was used to examine the chemical composition of the

tephra deposits.
8.3.2 XES ANALYSIS

8.3.2.1 Introduction

Energy dispersive X~-ray fluorescence (XES) analysis
provides a means_of simultaneously analysing a wide range of
elements, including the major elements K to Fe and the trace
‘elements Rb to Nb, in analysis times as short as 5 minutes per
sample (Cormie et al., 1981).

The more widely applied technigue of microprobe analysis
can provide very accurate results, because it 1is a grain-
discrete method (Smith and Westgate, 1969). However, the
microprobe has the disadvaﬁtage of requiring several tedious and
time-consuming sample preparation procedures and is capable of

analysing only the major elements, even though the most
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prominent dissimilarities in tephra composition occur in the
trace element range (Bird et al., 1978).

Cormie (1981) developed an XES technique that met with a
high level of success in distingﬁishing Mazama tephra samples
from those of Bridge River and Mt. St. Helens ¥Yn, on the basis
of relati&ely high Zr concentrations in Mazama tephra. The only
pretreatment used was sieving to produce samples in the < 62 um
size range. Using this technique, Cormie was able to identify 34
out of 39 samples of Mazama tephra - a success rate of about 87%

(Cormie, 1981 - p. 110).

8.3.2.2 Methods

Details of the principles of X-ray fluorescence analysis
can be found in a number of texts (e.g. Bertin, 1970; Woldseth,
1973). Only a brief summary of the technique is presented below
to aid in understanding the methods used in this study.

XES analysis wutilizes a monochromatic beam of primary X-
rays to induce fluorescence in a sample target. Absorption of
the X-ray beam produces the photoelectric effect, leaving
vacancies in the innermost (K) electron shells of the elements
that make up the sample. During the resulting electron
transitions, characteristic X-rays are emitted, the energies of
which equal the -binding energy between the innermost (K) and
outermost electrons of the elements. Most electron transitions
produce K-alpha (Ka) secondary X-rays, although it is possible
(but less likely) that K-beta (Kb), L-alpha (La), L-beta (Lb) or

L-gamma (LY) X-rays will be produced.
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The energies and intensities of the secondary X-rays are
measured on a multi-energy detector, enabling an energy
spectrum to be obtained in an analysis time typically of 5 or 10
minutes. Each element within the sample will be reflected by a
peak in the spectrum, the area (or height) of which will be
proportional to the concentration of the element (Fig. 8.2).

The spectrum also contains Compton (inelastic) and Rayleigh
(elastic) scatter peaks, produced by backscatter of the primary
X-ray beam. Both scatter peaks increase with an increase in the
energy of the overall sample matrix. Additional backscatter of
secondary X-rays produces a background continuum within the
spectrum (Fig. 8.2). This is subtracted from the area of peaks

in order to calculate net peak areas.

The method developed for this study was based on the
following criteria:
(i) there was already evidence from 'C dating that the tephra
beds under investigation are of Mazama 6rigin. Consequently, the
XES analysis was designed simply to distinguish Mazama from Mt.
St. Helens ¥n and Bridge River tephras. The ZXES analysis was,
therefore, directed at providing support and confirmation of the
findings based on 'C dating.
(ii) Cormie (1981) has shown that chemical pretreatments to
remove contaminants are unnecessary for the identification of
Mazama tephra, since Zr (as well as other trace elements) is not
affected as much by contamination as the major elements such as

Ca, Ti and Fe (Cormie, 1981 - her Table 4.1). In this study, it



168

g3x fig paanpoud wni}oads eayday (eatdfiy e jo sjusuodwo) z'Q ainbig

i

285 8e8v g8c 5114 887
* . . : . dma
wnnuijluos punoibyseq
: e e ] F -RT
P I fiy & &
.teqf%mmiuJ// *
E § F e 8T
\w A
{ | w
W N
i J i)
i1 RS ¢ seaze yead 133U
LR S -2 87
SR ¥
[ S S
Y
ubrajAox ~
; syead 1333E0S
wdwo)

82 ST

81

-
S
=4
L™
21}
e
(N2

SIUNOY) JO JaqUINp



169
was decided to minimize sample pretreatment and, additionally,
to avoid aﬁy procedure which might alter the composition of the
tephra samples. Thus, sample pretreatment consisted simply of
oven-drying the tephra for 24 hours, removal of visible
contaminants (e.g. plant remains) By hand, accurately weighing
200 mg subsamples, and pelletization of the subsamples to
standardize sample presentation to the X-ray beam.

(iii) Cormie's (1981) method of identifying Mazama was based on
normalizing the Zr net peak area to the Compton peak height.
However, the drawback of this method is that contamination in
the sample (e.g. organic detritus) 1is 1likely to change the
Compton peak height (by altering the overall composition of the
sample matrix), but may have little or no effect on the Zr net
peak area. An alternative approach, which was used in this
study, is to characterize the tephras on the basis of the
relative concentrations of two trace elements within the
samples. This approach has a number of advantages: tephras are
distinguished on the basis of two elements, rather than only
one; trace elements appear to be less prone to contamination
effects than the major elements; the greatest dissimilarities
between tephra groups occur in the trace element range; and, all
forms of operational, instrumentational and preparational errors
which can affect the absolute size of peaks within the spectrum,
can be assumed to operate equally over the entire spectrum and
thus the relative size of two peaks within a spectrum should not
be affected (J. D'Auria, Department of Chemistry, SFU, pers.

comm. ) .
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In order to investigate variations 1in trace element
compositibn between the three tephra groups, known samples from
each of the tephras had fo be éxamined. A total of 8 Mazama, 8
Mt. St. Helens Y¥n and 8 Bridge River tephra samples were
obtained.

One of the Mazama samples and one of the Mt, St. Helens Y¥Yn
samples were collected from known exposures in Washington State
by Dr. S. Porter (University of Washington). The remaining seven
samples in each of these two sample sets were collected from
known exposures in the vicinity of Kamloops, B.C., by Dr. M. C.
Roberts (SFU).

The samples from the Kamloops area were obtained from
exposures containing both the Mazama and Mt. St. Helens ¥Yn
tephra beds, with the Mazama cleafly occurring stratigraphically
below the Mt., St. Helens Yn, leaving no possibility of
misidentification.

The 8 Bridge River samples were all collected by Dr. M. C.
Roberts.(SFU) from thick tephra deposits close to the source
vent, in the vicinity of Lillooet, B.C.

These samples were prepared and analysed wusing the
techniques outlined above. The primary X-ray beam was produced
by a silver secondary target to preferrentially excite the trace
elements Rb to Nb (Fig. 8.2).

Examination of the resulting spectra revealed that four
peaks were particularly prominent in the trace element range -
RbKa, SrKa, YKa+RbKb and ZrKa+SrKb (Fig. 8.3).

To compare the relative size of peaks both within and
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between saﬁples, the net peak areas were calculated and
nofmalized by dividing by the Compton peak area (top ten
channels of Compton peak). The magnitudes of the RbKb and SrKb
components were determined by analysing 5 samples each of Rb and
Sr laboratory standards. In both cases, the Kb net peak area was
found to average 20% of the Ka net peak area. Therefore, for
each spectrum, 20% of the RbKa peak was subtracted from the
YKa+RbKb peak and 20% of the SrKa peak was subtracted from the
ZrKa+SrKb peak. The resulting relative concentrations of the
elements Rb, Sr, Y and Zr, along with their mean and standard
deviation values, are shown in Table 8.2.

Examination of the figures in Table 8.2 reveals that there
is a clear contrast in the relative size of Sr to Zr peaks
within the Mazama samples, in comparison to the relative sizes
of the same peaks within the Mt. St. Helens Yn and Bridge River
samples. The relative Sr and Zr net peak areas of the Mazama
samples are much closer in magnitude (averagihg 127.775 to
llQ.030), than the Mt, St. Helens Yn (averaging 163.365 to
61.271) cr Bridge River samples (averaging 183.391 to 70.304).

In order to provide a more »direct comparison between
samples, the ratio Sr:Zr was calculated for each tephra sample.
The resulting ratios, mean ratio values and standard deviations,
are shown in Table 8.3.

These resﬁlts show that the ratio Sr:Zr, averages 1.16 for
Mazama; 2.70 for Mt. St. Helens Yn, and 2.62 for Bridge River.
These findings suggest that there may be sufficient contrast in

the ratio Sr:Zr to enable Mazama tephra samples to be



Table 8.2 Net peak areas of RbKa, SrKa, YKa and ZrKa
normalized to compton peak areas

SAMPLE No.

M1
M2
M3
M4
M5
Mé
M7
M8
X
S

Yn1
Yn2
Yn3
Yn4
Yn5
Yné
Yn7
Yn8

x

BR1
BR2
BR3
BR4
BR5
BR6
BR7
BR8

X

S

M: MAZAMA

RbKa

13.446
14.717
14.836
15.694
15.484
15.100
14.330
14.953
14.820
0.655

7.855
13.374
12.295
12.128
12.669
12.480
12.090
11.806
11.837

1.569

10.175
10.980
12.875
10.877
13.650
11.626
10.194
11.723
11.513
1.156

Yn: Mt. St. HELENS Yn

BR: BRIDGE RIVER
X: MEAN

S: STANDARD DEVIATION

SrKa

139.040
124.151
122.625
123.766
123.070
127.814
125.551
136.182
127.775
5.920

193.203
156.460
169.219
171.057
147.549
153.651
180.986
134.792
163.365
17.688

180.000
146.582
168.614
209.029
181.332
211.603
205.450
164.515
183.391

22.037

YKa

8.210
7.878
9.000
8.919
9.275
8.351
7.680
8.099
8.430
0.535

4.274
6.423
4.402
3.436
6.061
4.948
3.556
6.889
4.999
1.232

5.069

4.732
7.544
12.969
6.880
10.332
5.470
6.600
7.450
2.665

ZrKa

108.892
112.746
108.505
114.840
113.457
108.395
110.061
103.350
110.030
3.415

55.244
63.678
60.149
58.756
69.437
59.269
57.186
66.450
61.271
4.526

69.338
68.748
75.747
72.690
74.812
66.922
63.440
70.734
70.304
3.836

1

73



Table 8.3 Sr:Zr ratios of known Table 8.4 Sr:Zr ratios of unknown
tephra samples

Tephra
Sample

M1
M2
M3
M4
M5
M6
M7
M8
X

S

Yn1
Yn2
Yn3
Yn4
Yn5
Yné
Yn7
Yn8

BR1
BR2
BR3
BR4
BRS
BR6
BR7
BR8
X

S

M: Mazama

Sr:Zr Ratlo

1.27
1.10
1.13
1.08
1.08
1.18
1.14
1.32
1.16
0.09

3.50
2.46
2.82
2.91

213
2.60
3.17
2.03
2.70
0.50

2.60
2.13
2.23
2.88
2.42
3.17
3.24
2.32
2.62
0.43

Yn: Mt. St. Helens Yn

BR: Bridge River
X: Mean

S: Standard deviation

tephra samples

Tephra
Sample

© O NN & WN -

- -
- O

[ S G G
O o WwN

Sr:Zr Ratlo

0.95
1.10
1.21
1.05
0.97
1.01
0.95
1.23
1.356
1.30
1.07
1.34
1.54
0.89
0.87

174
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distinguished from those of Mt. St. Helens ¥Yn and Bridge River,

Of the 16 tephra beds encountered in this study, one, from
core D43, was too small to providé a sufficient sample size and
was excluded from the XES analysis. The remaining 15 tephra
samples were oven-dried for 24 hours and then examined under a
petrographic microscope to confirm the presence of volcanic
glass fragments (based on: the presence of abundant clear glass
shards; extinction in crbss—polarized light; and, the Becke Test
measurement of refractive 1index to confirm that the RI of the
glass fragments corresponded to the RI of glass - 1i.e. 1.50-
1.52). The 15 samples were then analysed using the XES technique
outlined previously and the ratio Sr:Zr was determined for each
(Table 8.4).

It has already been established by Cormie (1981) that
element concentrations within the tephras are normally (or
Gaussian) distributed. Therefore, the technigue of discriminant
analysis (SPSS 1Inc., 1986) was used to attempt to classify the
15 'unknown' samples from the study area, in terms  of the 3
'known' tephfa groups. The ratio Sr:Zr was used as the single
discriminating variable.

Discriminant analysis attempts to classify unknown Samples
in terms of known sample groups by calculating the probability
that a sample belongs to a particular group. This probability is
based on a value of a variable(s) within the sample, compared to
the mean and variance of the same variable(s) within the known

groups. The actual comparison is carried out on the basis of



176
discriminant scores (based on the value of a variable(s) within
the‘sampleé).

The probability that a sample belongs to a particular group
depends on how «close its discriminant score is to the mean
discriminant score of the group (group centroid) and how far its
discriminant score is from the mean discriminant scores of the
other groups.

The technique used also provides the opportunity to test
thé effectiveness of the discriminating variable(s) by first
calculating the discriminating functions, and then by
classifying the known samples to determine if they fall within

the 'correct' groups.

8.3.2.3 Results

|

The ocutput from the discriminant analysis program is shown
in Table 8.5. A graphicai representation of the discriminant
scores of both 'known' and 'unknown' samples is shown in Figure
8.4, _

Table 8.5 lists the 'probability (P(G/D)) that a sample
belongs to an indicated group (HIGHEST GROUP). The results show
that all 8 samples in group 1 (Mazama) were correctly identified
as belonging to that group (all with greater than 99%
probability). The results for group 2 (Mt. St. Helens Yn) and
group 3 (Bridge River) show a number of misclassifications (*¥%),
caused by the similarity in Sr:Z2r ratios between these two

tephra groups.

These findings confirm that, on the basis of the available



Table 8.5 Results of discriminant analysis

Sample No. ACTUAL HIGHEST PROBABILITY 2ND MIGHEST DISCRIMINANT
snd deplh GROUP GROUP P(D/G) P(G/D) GROUP P(G/D) SCURES. . .
H1 1 1 0.77914 0.9970 3 0.00214 ~2.3265
H2 1 1 0.8706 0.9995 3 0.0001 -2.7694
H3 1 1 0.9325 0.9993 3 0.0005 - -2.6912
HA4 1 1 0.8298 0.9996 3 0.0003 -2.8215
H5 1 1 0.8298 0.9996 3 0.0003 -2.8215
M6 1 1 0.9636 0.9988 3 0.0008 -2.5610
M7 o 1 1 0.9533 0.9992 3 0.0006 -2.6652
Mo : 1 1 0.6815 0.9950 3 0.0034 -2.1962
Yni 2 2 0.0377 0.6100 3 0.3900 3.4837
Yn2 2 +* 3 0.6696 0.5261 2 0.4720 0.7740
Yn3 2 2 0.7595 0.5209 3 0.4790 1.7120
Ynd 2 2 0.5888 0.5329 3 0.4670 1.9465
\LES 2 4 3 0.1983 0.5413 2 0.4071 -0.0858
Yn6 2 ** 3 0.9507 0.5082 2 0.4913 1.1388
Yn7 2 2 0.2232 0.5673 3 0.4327 2.6239
Yng 2 o+ 3 0.1219 0.5076 2 0.3618 -0.3463
BRI 3 3 0.9507 0.5082 2 0.4913 1.12388
DR2 3 3 0.1983 0.5413 2 0.4071 -0.0858
DR3 3 3 0.3049 0.5468 2 0.4338 0.1748
pR4 3 ¥ 2 0.6437 0.5289 3 0.4710 1.8683
BRS 3 3 0.5955 0.5309 2 0.4662 0.6698
BRG 3 k¥ 2 0.2232 0.5673 3 0.4327 2.6239
BR7 3 k¥ 2 0.1614 0.5765 3 0.4235 2.8063
[11:31] 3 3 0.4287 0.5414 2 0.4507 0.4093
D23-8.7m UNGRPD 1 0.5798 0.9999 3 0.0001 -3.1602
D29-6.6 m UNGRPD 1 0.8706 0.9995 3 0.0004 -2.7694
DA46-8.t m UNGRPD 1 0.9015 0.9983 3 0.0011 -2.4828
D50-7.8 m UNGRPD 1 0.7694 0.9997 3 0.0002 -2.8997
D52-7.4m UNGRPD 1 0.6160 0.9999 3 0.0001 -3.1081
D55-7.9m UNGRPD 1 0.6911 0.9998 3 0.0002 -3.0039
D62-7.5m UNGRPD f 0.5798 0.9999 3 0.0001 -3.1602
D64-7.1m UNGRPD 1 0.8604 0.9980 3 0.0014 -2.4307
D69-6.0m UNGRPD t 0.6252 0.9932 3 0.0045 -2.1180
D71-6.7m UNGRPD 1 0.7202 0.9959 3 0.0028 -2.2483
D72-6.2m UNGRPD 1 0.8096 0.9996 ° 3 0.0003 -2.8476
D73-7.tm UNGRPD 1 0.6437 0.9939 3 0.0041 -2.1441
D74-6.8 m UNGRPD 1 0.3253 0.9554 3 0.0288 -1.6230
TH84-13-7.0m UNGRPD 1 0.4777 0.9999 3 0.0000 -3.3165
THE5-14-6.6 m UNGRPD 1 0.4460 0.9999 3 0.0000 -3,3687
8 + ALL-GROUPS STACKED HISTOGRAM +
SYMBOL GROUP LABREL
F. Fmmmm Cec oo
R 6 + " 3
E W 1 1 MAZAMA
Q " 2 2 MT. ST. HELENS YN
U W 3 3 BRIDGE RIVER
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Figure 8.4 Frequency histogram of discriminant sceres
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data, the contrasts in Sr:Zr ratios is sufficient to distinguish
Mazama tephra samples from those of Mt. St. Helens ¥n and Bridge
River. |

The 15 samples from the study area are all identified as
belonging to group 1 (Mazama). The probabilities that these
samples belong to the Mazama group, rather than one of the other
two groups, are in 14 cases greater than 99% and in the
remaining case, greater than 95%.

These results are supported by the distribution of
discriminant scores (Fig. 8.4), which clearly shows the
clustering of the unknown samples (#) about the centroid for
group 1 (Mazama).

Although the findings of the XES analysis are based on a
fairly limited data set, when combined with the evidence from
radiocarbon dating and stratigraphic position, the XES results
further improve the degree of confidence with which the tephra
beds can be identified as Mazama. As such, it is proposed that
all - 16 tephra beds encountered in this study are Mazama tephra
and represent part of a contiguous marker horizon, with an age

of about 6800 yr BP,

8.4 A CHRONOLOGICAL FRAMEWORK FOR THE DELTA

The chronological control provided by the '“C dates and
peat and tephra marker horizons can be combined with Lulu
Island's generalized lithostratigraphy (Fig. 6.22) to‘develop a
chronological framework for the northern part of the delta (Fig.

8.5).
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"~ To construct this framework, it has been necessary to
assume that the longitudinal profile of the delta has remained
constant throughout 1it's growth: hence the paleosurfaces
incorporated into the section have the same generalized
morphology as the contemporary delta surface along proximal to
distal trends.

It has also been assumed that the terrestrial surface of
the delta first emerged into the Strait of Georgia in the
vicinity of New Westminster at 9000 yr BP (see section 2.4.1).

The '*C dates have been positioned along the proximal-
distal section on the basis of their location relative to either
the western delta front (distal end of section) or the delta

apex (proximal end of section).
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SECTION FOUR

DISCUSSION AND CONCLUSIONS
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CHAPTER NINE

DISCUSSION AND CONCLUSIONS

9.1 INTRODUCTION

In this chapter, the depositional response of the northern
Fraser Delta to the mid-Holocene rise 1in sea-level will be
discussed in the context of the hypothetical framework
established in chapter 1.

The establishment of the depositional chronology of Lulu
Island (Fig. 8.5) will provide the basis for construction of a
revised sea-level curve for the Fraser Lowland region and for
calculations of Lulu Island's vertical accretion and lateral
progradation rates during the Holocéne. The interrelationships
between rising sea level, vertical accretion and lateral
progradation will be examined.

In addition, the study findings will be used to provide
eétimates of the Fraser River's sédiment discharge rates
throughout the Holocene period. |

The implications of the study findings for future research
in the same area, and in other similar settings, will be briefly
discussed.

The major findings of the study will be summarized at the

end of the chapter.
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9.2 DEPOSITIONAL RESPONSE TO THE RISE IN SEA LEVEL

Upon examination of the‘depositional chronology shown in
Fig. 8.5, it is apparent that aggradation of Lulu 1Island, in
response to the mid-Holocene sea level rise, took the form of a
depositional regression (Fig. 1l.7c).

This finding is based on the lack of a reversal or cyclic
repetition of the facies sequence within the deposits
(associated with a marine transgression) and the seguence of
paleosurfaces, which show that the island grew progressively
seaward, even during the period of sea-level rise.

Hence, growth of the island during the rise in sea level
was accomplished by simultaneous vertical accretion and lateral
progradation. The depositional architecture shown in Fig. 8.5
has essentially resulted from the upward and seaward shift of
the delta's lateral succession of depositional environments,
between about 8000 and 2250 yr BP,

It would appear that the delta's rising base level
triégered aggradation of the deltaic pléin, such that the rate
of sediment accumulation kept pace‘with the rate of sea level
rise. This vertical growth is exemplified by the thick silty
floodplain deposits underlying eastern Lulu Island (Fig. 8.5).

These deposits attest to the propensity for flooding and
overbank sedimentation to continue throughout early to mid-
Holocene time and to keep pace with the rise in sea level. The
resulting floodplain deposits have attained a considerably
greater thickness than their modern analogues on western Lulu

Island, formed under stable sea level conditions.
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Examination of the internal character of the deposits
formed during rising sea level, reveals that they represent a
"stalled successional phase" in the evolution of the delta. 1In
other words, the normal succession of depositional environments,
which occurs as the delta progrades, was halted or at least
slowed considerably, during the periods of rising sea level. 1In
the parts of the delta subject to vertical accretion, a balance
appears to have been achieved between the rate of sediment
deposition and the rate of sea level rise. Thus, the elevation
of any point on the delta surface, relative to mean sea level,
was held constant for long periods and depositional conditions
(sediment input, frequency of flooding, flora and fauna...) were
perpetuated.

The effect of the perpetuation of depositional conditions
within the vertical accretion deposits 1is particularly well
demonstrated by the palynological analysis of the floodplain
deposits formed between ca. 8000 and 6800 yr BP (section
7.3.1.2, zone D23-2). The pollen anélysis showed that the
"normal" course 6f végetation succession on the floodplain was
"arrested" for the ca. 1200 year period of rising sea level. The
emergent "swamp vegetation” phase was "stalled" during this
period, as deposition on the floodplain surface maintained its
elevation relative to the rising sea 1level and "river swamp"
conditions were perpetuated.

It was only later, during the decline and eventual pause in
the rate of sea levelvrise associated with the stillstand at ca.

6000 yr BP, that "normal" vegetation succession was able to
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continue. This resulted in the shrub phase (section 7.3.1.2,
zone D23-3) and then the onset of peat bog conditions (section
7.3.1.2, zone D23-4), culminating in the formation of the buried
peat layer (Fig. 8.5).

In other respects as well as palynologf, the internal
character of the facies underlying Lulu Island attest to the
perpetuation of depositional conditions during rising sea level
(e.g. the floodplain deposits wunderlying eastern Lulu Island
consist of about 11 m of horizontally bedded organic-rich silt,
instead of the "usual" ca. 1 m of horizontally bedded organic-
rich silt formed under stable sea level conditions.). The result
is the development of facies with the same 1internal character
and vertical order as their modern counterparts, but of

considerably greater vertical extent.

9.3 REVISED SEA LEVEL CURVE FOR THE FRASER LOWLAND REGION

Observation of contemporary depositional environments
(séction 3.5) and palynological analysis of core D23 (section
7.3.1.2), have 1indicated that mean sea level approximately
corresponds to the base of the tidal marsh environment.

This finding has led to the recognition that former sea
level positions can be identified in core by the 1lithologic
transition from the organic-rich silts of tidal marsh origin, to
the silts and sands of transition zone origin. This method of
identifying former sea level positions enables a more precise
and detailed Holocene sea level curve to be developed for the

Fraser Lowland region.
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The lithologic transition corresponds to the base of the
tidal marsh facies in Fig. 8.5. Thus, the intersections of the
tidal marsh base with the paleosurfaces in Fig. 8.5 provide a
chronological record of sea level change throughout the Holocene
period.

The resulting curve (Fig. 9.1) indicates that sea level was
relatively stable 1in the early Holocene (9000 - 8000 yr BP) at
about -13 m elevation. During this period, the sediments forming
the level base of the organic-rich silts underlying eastern Lulu
Island were deposited as the delta prograded seaward (Fig. 8.5).

A relatively rapid rise in sea level occurred between about
8000 and 6200 Yr BP, bringing the sea to an elevation of
about -4.4 m. This was followed by the previously unknown
stillstand with an estimated duration of about 400 years
(section 8.2.4), during which the buried peat layer accumulated.

Sea level rise recommenced at about 5800 yr BP, slowed
considerably by ca. 4500 yr BP and continued until about 2250 yr
BP,(when the sea reached its present level. The sea appears to
have remained comparatively stable for about the last 2250

years.

9.4 VERTICAL ACCRETION, LATERAL PROGRADATION

AND RISING SEA LEVEL

The Holocene evolution of the northern Fraser Delta (Lulu
Island) can be divided into six distinct stages of vertical and

lateral growth (Fig. 8.5):
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I.'SOOO - 8000 yr BP. It was at the commencement of this stage
that the delta, graded to a sea 1level 13 m lower than at
present, first begun its growth into the Strait of Georgia from
its apex near New Westminster (Fig. 1.8). During this stage, the
delta's subaerial surface extended some 6.5 km into the Strait.

Sea level was apparently stable during this time.

II. 8000 - 6200 yr BP. Rising sea level induced some 8.6 m of
vertical accretion, while ét the same time the delta front grew
a further 3.7 km into the Strait of Georgia. It was in this
period that the Mazama tephra (6800 yr BP) was incorporated into
the wvertically accreting floodplain sediments. About 5.4 m of
the vertical accretion and 1.2 km of the lateral growth,

occurred prior to deposition of the tephra.

III. 6200 - 5800 yr BP. A stillstand of sea level occurred
during this period, allowing widespread peat formation over the
delta surface. Progradation of the delta continued, moving the

delta front about 1.5 km further seaward.

IV. 5800 - 4500 yr BP. Sea level rise recommenced, inducing a
further 2.2 m of vertical accretion. Lateral progradation also
continued, extendiﬁg the delta front a further 1.65 km into the
Strait. The rate of sea level rise at the close of this period
appears to have slowed considerably, allowing peat bogs to

develop on the eastern delta surface.
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V. 4500 - 2250 yr BP. The sea slowly rose a further 2 m during
this period, bringing it to 1its present level. Lateral

progradation of the delta front was 4 km.

VI. 2250 - Present. The delta continued to prograde under stable
sea level conditions, extending the delta front another 5.4 km,

to its present position.

On the basis of the information above, Holocene vertical
accretion rates and lateral progradation rates for the northern
Fraser Delta were calculated. The results are shown in Table
S.1.

The figures in Tabie 8.1 indicate that progradation
proceeded relatively rapidly in the first 1000 years of the
delta's growth, averaging 6.5 m/yr. This was presumably due to:
early growth being confined to a laterally restricted embayment
of the Strait (Fig. 1.8); shallower water depths adjacent to the
uplénds surrounding the apex of the delta; a relatively short
delta front in the early stages of growth; and, the possibility
that sediment supply rates were enhanced by "paraglacial"
conditions prevailing in the Fraser River basin during early
post-glacial time (Church and Ryder, 1972).

The progradation rate of 2.4 m/yr for the most recent
period (2250 yr BP to Present) is in close agreement with
estimates of contemporary  progradation rates based on
bathymetric surveys. Johnson (1921) compared surveys of the

delta front made in 1859 and 1919 and arrived at a figure of
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3.05 m/yr for the whole delta front. Mathews and Shepard (1962)

calculated a rate of 2.29 m/yr for the advance of the upper
foreslope between 1929 and 1959.

Vertical accretion rates reflect the rate of sea level
rise. Relatively rapid vertical accretion, averaging between 4.5
and 5.3 mm/yr, occurred between 8000 and 6200 yr BP, when sea
level rose sharply (Fig. 9.1). Lower vertical accretion rates,
averaging between 1.7 and 0.9 mm/yr, occurred during the second,
more subdued, sea level rise between 5800 and 2250 yr BP.

The mean lateral and vertical sedimentation rates in Table
9.1 can be wused to examine the relationship between Lulu
Island's lateral progradation and vertical accretion throughout
the Holocene period (Fig. 9.2).

The variation in estimated progradation and vertical
accretion rates in Fig. 9.2, suggests that there is an inverse
relationship between lateral progradation and vertical
accretion. This finding suggests that the diversion of sediment
into vertical accretion deposits on the delta surface and on the
Fraser River floodplain to the east, was responsible for a
reduced supply of sediment to the delta front and a consequent
reduction in the progradation rate.

Superimposed onto this relationship is the progressive
reduction in Lulu 1Island's progradation rate through the
Holocene period. This presumably resulted from increasing water
depth and lengthening delta front as the delta grew seaward. The
reduction 1is indicated by the mean progradation rates during

periods of stable sea level., These rates declined from 6.5 m/yr
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(9000-8000 yr BP), to 3.8 m/yr (6200-5800 yr BP) and finally to
2.4 m/yr (2250 yr BP to Present).

It should be noted that these apparently simple
relationships are complicated by other factors which have
probably influenced the delta's progradation rate, but which are
difficult to quantify. The bottom topography df-the part of the
Strait of Georgia now covered by the delta remains unknown. The
coﬁfiguration of the Strait bottom may have caused unpredictable
variations in water depth as the delta prograded seaward, with a
corresponding effect on the progradation rate.

.There is also évidence of a period of higher summer
temperatures and lower precipitation 1in southern British
Columbia during mid-Holocene time (Heusser et al., 1985). This
climatic <+thermal maximum may have resulted in reduced river
flows and sediment discharges and the consequent reduction of
the delta's progrédation rate.

Finally, the joining of the southern part of the delta to
the . former 1island of Point Roberts ' presumably caused a
considerable shortening of the active -delta front. This may have
resulted in increased sediment supply and higher progradation

rates along the western delta front.
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9.5 ESTIMATES OF THE FRASER RIVER'S SEDIMENT DISCHARGE

RATES DURING THE HOLOCENE

9.5.1 INTRODUCTION

The estimation of the Fraser River's sediment discharge
rates during the Holocene is a potentially valuable exercise,
since it may provide useful insights into the overall level of
geomorphic activity wifhin the Fraser River basin throughout the
post—-glacial period.

Major <changes 1in sediment discharge regimes may have
resulted from the effects of paraglaciation (Church and Ryder,
1972) and climatic fluctuations (Heusser et al., 1985). These
changes may be recorded within the Fraser Delta in the form of
variations in the sediment accumulation rate pertaining to
successive periods of the delta's growth.

Although the findings of the present study provide a basis
for estimating the sediment discharge rates, it is acknowledged
thaf this section of the study remains spectulative in nature.
There 1is only 1limited data available onb several important
aspects of the delta's evolution - particularly the depth of
deltaic depesits, the changing shape of the delta during its
development and the growth of the southern part of the delta -
consequently, a number of simplifying assumptions are required

in order to perform the sediment discharge calculations.
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9.5.2 METHODS

9.5.2.1 The Fraser Delta

The rates of sediment accumulation within the delta were
caiculated on a volumetric basis (area multiplied by mean
depth). This approach has been adopted /from previous studies,
where it has been employed to estimate the volume of the entire
delta (Mathews and Shepard, 1962; Clague and Luternauer, 1983).

The major contribution from the present study 1is that it
establishes the approximate areal extent of the delta at given
times within the Holocene period. Hence, a number of successive
volumetric increments to the delta, occurring over the last 9000
years, may how be calculated.

The method used is dependent upon a number of assumptions
which are stated below:
(i) It is assumed that the delta grew out radially from its apex
and that the growth of the southern part of the delta proceeded
in -the same manner and at the same rate as the growth of the
northern part of the delta (Lulu Island). There is some evidence
to support this assumption. Burns Bog, on the southern delta,
has approximately the same areal extent (covering roughly the
eastern half of the delta) and the same age (ca. 5000 yr BP -
Hebda, 1977) as the Lulu Island peat bog. The exception to this
assumption is in the period 4500 - 2250 yr BP, when it |is
assumed that the southern delta became joined to Pt. Roberts. It
is also assumed that further growth of the Boundary Bay tidal

flats and foreslope after 2250 yr BP was negligible.
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(ii) The depth of deltaic deposits remains unknown over a large
area. Howéver, three depths are known: the depth of the Strait
of Georgia at the base of the contemporary foreslope is 300 m; a
drill hole at Steveston, on the western edge of Lulu Island,
passed through 214 m of deltaic silts and sands before
encountering bouldery material, presumably of glacial origin
(Johnson, 1921); and another drill hole, on Annacis Island,
adjacent to eastern Lulu Island, indicates that deltaic deposits
extend to more than 90 m depth (Clague and Luternauer, 1983).
Therefore, it is assumed that the base of the delta forms a flat
surface, passing through 300 m and 214 m depth in the west and
below 90 m depth in the east (Fig. 9.3). Although there is some
evidence from seismic surveys that the base of the delta is in

fact quite irregular in places (Luternauer et al., 1986), this

[

assumption will at least provide a "first approximation” based
on the limited data available.

(iii) It is assumed that the longitudinal profile of the delta
has remained constant dﬁring its growth. Thus, it is assumed
that the tidal flats and subaqueous platform have always formed
é 7 km wide zone fringing the terrestrial surface of the delta
and that the foreslope has always been inclined at 1.5%

(iv) There is evidence that some of the Fraser River's sediment
load is deposited beyond the delta foreslope on the floor of the
Strait of Georgia (Luternauer et al., 1983). It is assumed that
this portion of the river's sediment 1load 1is negligible in

comparison to the total sediment discharge.
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- On  the basis of the assumptions above and the progradation
figures in Table 9.1, the areal extent of the delta, at
successive stages of its growth, was approximated (Fig. 9.4 -
Note: no attempt was made to estimate the configuration of the
delta's surface at successive stages of growth).

The terrestrial surface of the Holocene Fraser Delta
probably first reached the vicinity of the present delta apex at
about 9000 yr BP. At this time the gently sloping tidal flats
and subaqueous platform already extended 7 km into the Strait of
Georgia. The foreslope formed a ca. 4.5 km wide fringe beyond
the subaqueous platform.

The delta grew rapidly in the early Holocene, so that by
8000 yr BP the terrestrial surface had advanced some 6.5 km into
the Strait. The edge of the subaqueous main platform was about
13.5 km southwest of New Westminster and the base of the
foreslope, at a water depth of about 184 m, was approximately 19
km from the delta apex.

. By 6800 yr BP, the time of Mazama tephra deposition, the
terrestrial surface of the delta extended some 7.7 km beyond New
Westminster and the base of the foreslope was lying just off the
island of Point Roberts, at a water depth of about 190 m.

Over the next 2300 years, to 4500 yr BP, the delta probably
continued to grow out to the south and west from New
Westminster. At the end of this period, the delta's tidal flats
were probably within a few km of the island of Point Roberts. At
about this time sea-level rise slowed considerably and peat bogs

began to develop over the terrestrial surface of the delta.
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The former island of Point Roberts probably became joined
to the terrestrial surface of the delta sometime after 4500 yr
BP, but before 2250 yr BP. On the basis of the estimated
progradation rates for the southern delta front, this probably
occurred around 3000 yr BP. Little further growth of the delta
occurred in the Boundary Bay area after this period.

During the 1last 2250 years, the western edge of the delta
has continued to prograde into the Strait. The terrestrial
surface now reaches some 22 km beyond New Westminster and the
base of the foreslope lies approximately 17 km seaward of the
terrestrial delta in 300 m depth of water.

The areas shown in Figure 9.4 were combined with estimates
of the delta's depth from Figure 9.3, to calculate the volume of
sediment added to the delta during each stage of its growth.

Details of these calculations can be found in Appendix III.

9.5.2.2 The Fraser River floodplain

There 1is considerable evidence 'that aggradation of the
Fraser River floodplain occurred in response to- the rise in sea
level (Fig. 6.21, section 6.4.2) (Clague et al., 1983). The
aggradation probably took the form of a depositional wedge of
sediment extending some distance upvalley (Knighton, 1984,
p.159-161). The volume of these aggradational deposits must be
added to the volume of deltaic deposits, in order to calculate
the total Fraser River sediment discharge for each stage of the
delta's growth (Fig. 9.4).

There 1is evidence that the depth of aggradation on the



' 201
floodplain equals the depth of aggradation on the delta., Figure
6.21, for example, shows that the separation of the Mazama’
tephra bed and the buried peat layer remains about the same from
the delta to the western part of the floodplain.

In order to determine the area of the floodplain over which
aggradation occurred, two approaches were taken:
(i) the upvalley limit of the aggradational deposits should be
marked by a break in slope between the aggradational wedge and
the older, unaggraded, floodplain surface (Knighton, 1984),
Therefore, the 1longitudinal profile of the floodplain surface
was constructed on the basis of benchmarks found on 1:50000
topographic maps of the Fraser Valley (it was assumed that the
benchmarks approximated the general 1level of the surrounding
floodplain surface).
(ii) Knighton (1984) suggests that the aggradational deposits
may be marked by changes in channel planform or cross-sectional
morphology due to adjustments of the channel to the reduced

gradient of the depositional wedge.

The resulting longitudinal profile of the floodplain
surface (Fig. 9.5) shows a distinct break in slope at about 47
km east of New Westminster, in the vicinity of Hatzic Lake. This
location also coincides with a change in planform of the Fraser

River, from a wandering gravel bed section to the east, to a
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9.5.4 DISCUSSION
| The'calculated magnitude of the Fraser River's annual
sediment discharge for the 1last 2250 years, of 2.18x10'
tonnes/yr or 1.506x10” m3/yr, 1is comparable to estimates of
contemporary sediment discharge rates made in other studies.

Mathews and Shepard (1962), calculated a rate of about
1.85x10° tonnes/yr or 1.27x10° m3/yr, on the  ©basis of
bathymetric surveys of the delta front made in 1929 and 1959.
These figures take into.account natufal compaction of sediment
upon burial and losses due to dredging in the Fraser estuary.
These values may, however, be underestimates, since they do not
include sediment added to the delta by the North and Middle Arms
of the Fraser River.

Kidd (1953) measured the suspended sediment load of the
Fraser River at Hope, 140 km from the delta apex, for the three
year period 1950-1952. A meén rate of 1.68x10’ tonnes/yr or
1.16x10° m®/yr was calculated. Milliman (1980) calculated the
suspended sediment discharge of the Fraser River for the six
year period 1967-1972. A mean réte of 1.84x10° tonnes/yr or
1.27x10" m3/yr was found at Hope. At Port Mann, 5 km east of the
delta apex, a rate of 1.68x10° tonnes/yr or 1.16x10‘7 md /yr was
calculated.

The downstream decrease in suspended sediment discharge
(between Hope and Port Mann) indicates deposition and infers
increased importance of bed load transport in the lower part of
the river (Milliman, 1980).

The sediment discharge rates calculated by Kidd and
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Milliman may also underestimate the actual values, since the bed
load compbnent of the sediment load is not included 1in their
measureménts. Although bed load may only represent about 5% of
the total load at Hope (Milliman, 1980), the bed load component
may reach as high as 20% in the lower estuary, where substantial
sediment transport occurs in the form of migrating sand waves
(Milliman, 1980; Kostachuk et al., 1986).
There is considerable scatter in the data points in Figure
9.6, which may result from errors 1in the volume estimates.
Nevertheless, two generalized scenarios can be developed on the
basis of this data and are approximated by the dashed lines A

and B (Fig. 9.6).

scenario A:

This scenario assumes that much of the scatter in the data
points is due to errors in the volume estimates and sediment
discharge can be approximated by a simple curve, falling between
the data points (line A). Two general trends are apparent in
thig scenario:

(i) the sediment discharge rate appears to have been fairly
stable, at about 2.2x10’ tonnes/yr, for about the last 6000
years. The Dbeginning of this period coincides with the end of
paraglacial conditions, proposed by Church and Ryder (1972).

(ii) sediment discharge rates appear to have been substantially
higher during the period 9000-6000 yr BP. Considering the
estimated total mass of the delta of about 2.36x10" tonnes

(Table 9.2) and assuming a constant rate of 2,2x10’ tonnes/yr
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for the last 6000 years, sediment discharge would have averaged
about 3.47x107 tonnes/yr between 9000 and 6000 yr BP. At the
beginning of this period, sediment discharge may have been as
high as 4.5x10’ tonnes/yr (Fig. 9.6), approximately double the
contemporary rate.

Church and Ryder (1972) suggest that sediment yields from
small watersheds in south-central B.C. were about an order of
magnitude larger at the peak of the paraglacial period, compared
to the present-day (their Fig. 9 and Table 3.B). The discrepency
between their findings and those of this scenario, may be due to
the tendency for an increasing proportion of mobilized sediment
to be redeposited and stored (in the form of alluvial fans,
valley fills, lacustrine sediments, etc.) as basin size
increases (Brune, 1948; Schumm, 1963).

It is also likely that the deposits étored within the delta
represent only the later "waning" stages of the paraglacial
period. The highest Fraser River sediment discharges, associated
with the peak of paraglaciation during:and immediately following
deélaciation (ca. 11300 - 9000 yr BP), probably were responsible
for filling in a former arm of the sea between New Westminster
and Chilliwack, along the course presently occupied by the

Fraser River floodplain (Armstrong, 1983).

Scenario B:
This scenario assumes greater accuracy in the data points,
enabling three general trends to be recognized, which are

approximated by the dashed line B (Fig. 9.6).
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(i) as in scenario A, sediment discharge has been relatively
stable ovér the last 6000 years, at about 2.2x107 tonnes/year.
(ii) a peak in sediment discharge, reaching about 5x10°
tonnes/yr occurred at about 6000 yr BP.
(iii) sediment discharge rates were higher in the early Holocene
than at present. Discharges may have been as high as about
3.5x10° tonnes/yr around 9000 yr BP and declined to about

2.4x10" tonnes/yr by 7400 yr BP.

The timing of the mid-Holocene peak in sediment discharge
in this scenario coincides with a period of climatic
amelioration in the Pacific Northwest (Heusser et al., 1984).
Little is known about the effect of this climatic thermal maxima
on sediment discharge rates in southern British Columbia.

A possible explanation is that warmer summer temperatures
shortened the snowmelt period, increasing peak run-offs and
causing a "flushing" effect on sediment stored within fluvial
systems. Such conditions are known to have been responsible for
higher-than-normal river discharges in historical time (e.g. the
1948 flood in southern B.C. - B. Sagar, pers. comm.).

The other two trends in this scenario - the stable sediment
discharge over the 1last 6000 years and the increased sediment
discharges in the early Holocene - correspond to the same trends
outlined in scenario A and may, therefore, also be explained in

terms of the effects of "paraglaciation”.
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9.6 IMPLICATIONS OF THE STUDY FINDINGS

9.6.1 THE DEPOSITIONAL REGRESSION AS A MODEL OF COASTAL
DEVELOPMENT |

The finding that the response of the Fraser Delta to the
mid-Holocene sea-level rise took the form of a depositional
regression, provides a model of coastal development which may be
applicable to many coastal depositional settings.

In formerly glaciated coastal areas, such as the Pacific
Northwest, post-glacial conditions may have been particularly
favourable for this form of depositional response. The
combination of eustatically rising sea-levels coupled with
paraglacially-enhanced sediment supplies, would presumably have
increased the likelyhood 6f this form of coastal development
occurring.

The southwestern coast of mainland British Columbia, the
eastern and southern coasts of Vancouver Island and the coastal
areas surrounding Puget Sound, all experienced a sea-level rise
in- the post-glacial period (Clague et al., 1982; Mathews et al.,
1970) . |

These same coastal belts are also flanked by mountainous
terrain, which contained extensive drift deposits in immediate
post-glacial time (Armstrong et al., 1965). Thus, 1local rivers
presumably supplied enhanced "“paraglacially-primed" sediment
loads to many deltas, estuaries and 1low-lying floodplains,
during the post-glacial rise in sea-level.

The response of any one particular site would, of course,
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depend on local conditions. The ldcal rate of sediment
depositioh would be determined not only by the rate of sediment
Supply, but also by the characteristics of the receiving basin,
The depth of water, degree of lateral confinement and the rate
of sediment removal by coastal processes, would all play a role
in determining the nature of the depositional response.

The fjord-head deltas of the British Columbia coast, for
example, may have been likely sites for depositional regression,
due to the lateral confinement on delta growth. This restriction
of the delta's area presumably tends to increase local rates of
deposition (in terms of mass area’' time').

Although formerly glaciated areas may  have been
particularly favourable for the development of depositional
regressions, it also follows that coastal deposits in non-
glaciated areas may produce the same response if local
conditions are suitable. A delta bﬁilding .into a shallow,
laterally-restricted embayment, for example, might sustain a
rate of deposition which is sufficient to keep pace with a local
riée in sea-level,

The findings from the Fraser Delta serve tobact as a model
of the depositional regression style of coastal aggradation. The
model has a number of implications for research concerned with
coastal evolution both in the Pacific Northwest and elsewhere:
(i) the facies sequences within the Fraser Delta can be used on
a comparative basis to aid in identifying similar styles of
coastal aggradation. There are two aspects of the comparison:

firstly, the presence of facies in the "correct" vertical order,
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but of unusually large vertical extent (compared to facies
formed wunder stable sea level conditions), may indicate that
base-level induced vertical accretion has occurred; and,
secondly, in a prograding deposit, such as a delta, the
vertically accreted facies should undergo a progressive thinning
in the direction of progradation.

(ii) the internal architecture of the Fraser Delta has resulted
from the wupward and seaward shift of depositional environments
in response to a rise in sea level. Consequently, a shift in the
positioning of a given facies within similarly-formed deposits,
coupled with some form of dating control on the timing of the
facies shift, can be used to determine both the magnitude and
duration of the sea-level rise. Figure 8.5, for example, shows
that the base of the tidal marsh facies underwent a vertical
shift of about 13 m between ca. 8000 and 2250 yr BP, in response
to rising sea level.

(iii) the sequence of paleosurfaces within the Fraser Delta may
serve to act as a guide in establishing the chronological
framework of other cdeposits formed by depositional regression.
Comparison of Figures 1.7a, b and c¢ 1indicates that the
aggradational style can have a substantial effect on the
chronological framework of a deposit. In thevcase of the Fraser
Delta, for example, shallow deposits (ca. 2 m below mean sea
level) underlying the entiré eastern half of the delta are
virtually isochronous (ca. 5000 yr BP). This includes shallow
deposits adjacent to the delta apex, despite the fact that the

delta started forming at about 9000 yr BP. This is in sharp
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contrast‘to'a delta formed under stable sea-level conditions (or
by renewed progradation following a marine transgression -
Figure 1.7a), where a progressive decrease in the age of
deposits occurs along proximal - distal trends. The
establishment of an accurate depositional chronology will be of
obvious benefit in areas such as the calculation of progradation
rates, sedimentation rates, sediment supply rates,
paleocenvironmental reconstruction.and SO on.

(iv) the study findings indicate that aggradation, of up to
about 13 m depth, occurred over a considerable area of the lower
Fraser River floodplain in response to the rise in sea-level.
The preservation of the peat and tephra marker beds, in the
western portion of the floodplain at 1least (Figure 6.21),
suggests that fluvial reworking has not occurred and that
vertically-accreted, overbank sedimentation may represent a
substantial component of the floodplain deposits. Consequently,
vertical accretion (as opposed to lateral accretion due to
meander migration) may have played a major role in floodplain
construction in the lower reaches‘of the Fraser and other rivers
in the Pacific Northwest. Evidence from the study further
suggests that the planform change of the Fraser River in the
lower ca. 47 km of its course, may be related to the presence of
the aggradational sediment wedge. Similar relationships may,
therefore, be present iﬁ the lower reaches of other rivers in
the region, where coastal aggradation has occurred in response
to sea-level rise.

(v) in the Fraser Delta, the fluvial-marine interface is a zone
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of pronounced lithologic contrasts, apparently related to the
dissipation of wave and tidal-current energy over the broad,
gently-inclined intertidal platform. Former sea-level positions
could be 1identified 1in core by the lithologic transition from
organic~-rich silts of tidal marsh origin, to the silts and sands
of mid-tidal origin. This technique has the potential for
application 1in other coastal settings where 1lithologically
contrasting environments bracket sea-level position. The sandy
deltas on the east coast of Vancouver Island may be well suited

for this technique.

8.6.2 REVISED SEA-LEVEL CURVE

The revised sea-level curve for the Fraser Lowland region
(Fig. 9.1), contains a previously unknown stillstand of
approximately 400 years duration, occurring .between ca. 6200 and
5800 yr BP. Evidence of this stillstand may be preserved in
other coastal deposits 1in this region, in the form of peat or
other terrestrial deposits, now lying at some depth below sea-
level.

In addition to providing a valuable time-stratigraphic
marker horizon, the ca. 6000 yr BP paleosurface may also have
some utility in studies of relative sea-level changes in the
Strait of Georgia region. The depth of the former terrestrial
surface below present sea—lével may provide an indication of the
relative vertical displacement that has occurred over the last
ca. 6000 years.

The evidence from the Fraser Delta also suggests that the
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sea did not stabilize at its present level until about 2250 yr
BP. This represents a considerable modification of the sea-level
curve for this area. Previously, it was known only that the sea
attained its present level some time after ca. 5000 yr BP. This
finding is of relevance to studies concerned with the evolution
of coastal deposits in this region and may also have significant
implications for archaeological studies of middens located in

low-lying coastal sites.

8.6.3 FRASER RIVER SEDIMENT DISCHARGE DURING THE
. HOLOCENE

Although somewhat spectulative, the Fraser River sediment
discharge curves for the last 9000 years (Fig. 9.6), do at least
appear to 1indicate two general trends: firstly, sediment
discharge seems to have been fairly stabie for about the 1last
6000 years; and, secondly, sediment discharges were higher in
the early Holocene.

These findings suggest that the effects of "paraglaciation”
in the Fraser River basin were transmitted, at least in part,
throughout the entire Fraser River system, to be recorded in the
form of increased sediment accumulation rates in the Fraser
Delta.

The stabilization of sediment discharge rates at . present
levels, by about 6000 yr BP, suggests that sources of readily
available sediment were exhausted at this time. This may have
been due to the depletion of unstable drift deposits on valley

slopes and/or the completion of fluvial reworking of deposits
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stored egrlier within the river system.

The implications of these findings for Holocene sediment
discharges of other rivers in the Pacific Northwest are unclear
at this time. It 1is probable that drainage basin size is an
important factor, since storage effects presumably increase 1in
significance ~ with increasing basin area. Consequently,
paraglacial sediment discharges may have been more pronounced,
but also more short-lived in smaller basins (i.e. larger basins
probably have a "dampening" effect on paraglacial sediment
discharges, but may also prolong the duration of the paraglacial
effect due to reworking of stored deposits).

Since elevated sediment discharges apparently occurred in
the Fraser River, and it is the largest river reaching the west
coast of Canada, it seems likely that most other river systems
in the region also experienced increased sediment discharges in
the "paraglacial period." It is also probable that 6000 yf BP is
a reasonable minimum age for the end of "paraglacially-enhanced"

sediment discharges.

9.7 CONCLUSIONS

The findings of this study support the following

conclusions:

1. the response of the northern part of the Fraser Delta (Lulu
Island) to a mid-Holocene sea-level rise tocok the form of a
depositional regression. This resulted in a distinctive

depositional framework incorporating elements of both lateral
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progradation and vertical accretion.

2, depositional environments underwent vertical accretion during
the periods of rising sea-level. The resulting vertical facies
sequences are characterised by faciesv of the same internal
character and vertical order as their modern analogues,’ but of

considerably greater vertical extent.

3. the wvertical shift in the positioning of facies sequences
within the body of the deltaic deposit that occurs during a
depositional regression, can be used as both an indicator and

measure of sea-level rise.

4. the study illustrates how an interpretative framework based
on a combination of depositiornal characteristics, both
lithologic and biologic in nature, ensures greater resolution
of, and improved confidence 1in, interpretation of subsurface

facies.

5. the findings from this study, concerning the nature, spatial
arrangement and chronology of facies within the delta, serve as
a model of the depositional regression style of coastal

aggradation,



phi
cumpercent
mean
meanmm
stddev
skewness
kurtosis
nkurtosis

%5 - %95

(R
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APPENDIX 1

FOLK AND WARD (1957) GRAIN SIZE PARAMETERS

Key

size class in phi units

cumulative percentage retained in size class
mean grain size in phi units

mean grain size in mm'

sorting index

skewness index

kurtosis index

normalized kurtosis

percentile values in phi units

For further details refer to Folk and Ward (1957)
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APPENDIX 3

VOLUME CALCULATIONS: FRASER DELTA

Example:

Volume 1= Area A x 90/2

Volume 2= Area B x (90+112)/2

Volume 3= Area C x (112+136)/2 - 1/2(Area C x 136)
Total volume= Volume 1 + Volume 2 + Volume 3

Note: no further growth assumed for Boundary Bay after 2250 yr BP,
depth of Boundary Bay foreslope deposits estimated at 192 m,
All depths and distances shown on diagrams are in metres



9000 yr BP

12000

/

7000
<815

ENVIRONMENT AREA (m%*) MEAN DEPTH (m) VOLUME (m3)
TIDAL FLATS (A) 1.324x10° 45 6x10"’

TIDAL FLATS (B) 2.675x107 101 2.7x104
FORESLOPE 7.125x10" 124 3.99x109

TOTAL VOL: 6.75x10?

9000-8000 yr BP

19700

ENVIRONMENT AREA (m2) MEAN DEPTH (m) VOLUME (m3)
TERRESTRIAL (A) 1.324x10% 45 6x10 ’
TERRESTRIAL (B) 2.2x10° 105 2.31x10?
TIDAL FLATS 9.8x10”7 130 . 1.274x10'°
FORESLOPE 1.674x10% 156 1.1718x10'°

TOTAL VOL: 2.6828x10'°

Volume added, 9000-8000 yr Bp:  2.0078x10'°

[\8]
S



8000-6800 yr BP

22100

ENVIRONMENT
TERRESTRIAL (A)
TERRESTRIAL (B)
TIDAL FLATS
FORESLOPE

AREA (m®) MEAN DEPTH (m)

1.32x10 © 45
3.45x10 * 110
1.4x10 8 142

2.886x10° 173

Volume added,

TOTAL VOL:

VOLUME (m?3)
6x10 7
3.795x10 ?
1.988x10'°
2.2222x10*°

4.59572X10'°

8000-6800 yr BP: 1.91292x10'°

ENVIRONMENT
TERRESTRIAL (A)
TERRESTRIAL (B)
TERRESTRIAL (C)
TIDAL FLATS
FORESLOPE

AREA (m*)  MEAN DEPTH (m)
1.324x10% 45

3.45x10 7 111.5
2.875x107 139.5
1.671x10% 160
3.053x10°% 193

Volume added, 6800-6200 yr BP:

TOTAL VOL:

VOLUME (m?)
6x10"
3.84675x10 ?
4.010626x10?
2.6736x10'°
2.65611x10"°

6.1214475x10'°

1.5257275x10'°

242



6200-5800 yr BP

-<

ENVIRONMENT
TERRESTRIAL (A)
TERRESTRIAL (B)
TERRESTRIAL (C)
TIDAL FLATS
FORESLOPE

5800-4500 yr BP

26900

AREA (m?)
1.324x10 ¢
6.25x107
2.475x107
1.8485x10%
3.5135x10°%

Volume added,

A

18500

MEAN DEPTH (m)
45
118
150
168
201

TOTAL VOL.:

6200-5800 yr BP:

90

VOLUME (m?)
6x10"
7.375x10°
3.7125x10°
3.10548x10'°
3.197285x10'°

7.417515x10'°

1.2060675x10"'°

ENVIRONMENT
TERRESTRIAL (A)
TERRESTRIAL (B)
TERRESTRIAL (C)
TIDAL FLATS
FORESLOPE

29150

AREA (m2)
1.324x10 6
8.725x10"
3.365x10”
2.0835x10%
4.0685x108

Volume added,

MEAN DEPTH (m)

TOTAL VOL:

5800-4500 yr BP:

VOLUME (m3)
6x10’
1.073175x10'°
5.384x10 9
3.70863x10 '°
3.90576x10'°

9.231965x10'°

1.81445x10° °



4500-2250 yr BP

244

33150

214150

90

ENVIRONMENT AREA (m%?)  MEAN DEPTH (m) VOLUME (m?)
TERRESTRIAL (A) 1.324x10® 45 6x10”
TERRESTRIAL (B) 1.209x10 § 128 1.54752x10 '*
TERRESTRIAL (C) 1.2575x10° 179 2.250925x10'°
TIDAL FLATS 2.29075x10% 203 4.4857925x10"°
FORESLOPE (A) 3.24x10°% 236 3.4668x10 ' °
FORESLOPE (B) 1.53x10% 192 1.1628x10'°

(Boundary Bay)

Volume added,

TOTAL VOL:

4500-2250 yr BP:

1.2919838x10"

3.687873x10'°

- 39550
-~ 29550 -
g2 2,5 5 () e
- 8 A
———————— A __ -4 c

[ A e / /

'l —————— - 8

R g - 0

o 192 9

I' 220

288 I 240

| |
ENVIRONMENT AREA (m%) MEAN DEPTH (m) VOLUME (m3)
TERRESTRIAL (A) 1.324x10® 45 6x10”
TERRESTRIAL (B) 2.4665x10% 141 3.477765x10'°
TERRESTRIAL (C) 1.098x10 % 206 2.26188x10*°
TIDAL FLATS (A) 1.66x10% 230 3.818x10'°
TIDAL FLATS (B) 6.8075x10" 203 1.3819225x10'C
FORESLOPE (A) 3.5x10% 240 4.2x10'°
FORESLOPE (B) 1.53x10°% 192 1.1628x10'°

TOTAL VOL: 1.6308368x10"

Volume added, 2250-Present: 3.3885295x10'°



VOLUME CALCULATIONS: FRASER RIVER FLOODPLAIN

2.0m

2.2m

3.2m

5.4m

Note: volume of segment 1 = 0.5 x 5.4 x areai
volume of segment 2

| ((0.5 x 3.2 x (area2 - areat))

ESTIMATED GEOMETRY OF AGGRADATIONAL
SEDIMENT WEDGE

‘l

\ |

ML oAA

PERIOD (yr BP)

8000-6800

6800-6200 -

5800-4500
4500-2250

FLOODPLAIN AGGRADATION

DEPTH OF
AGGRADATION (m)

5.4
3.2
2.2
2.0

AGGRADED (m )

2.46865x10

(3.2 x areat) +

AGGRADATION

VOLUME (m )

4,9356x10

6.32464x10
5.05703x10
5.59355x10
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