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ABSTRACT

The gravel based, high energy Squamish River exhibits a distinct downstream sequence of
river channel planform styles. In the 20km study reach, the river changes from a braided through
a wandering gravel-bed to a meandering planform type. To assess the sedimentologic
distinctiveness of these planform styles, sediment sequences were examined in a series of holes,
regularly spaced in a grid-like fashion on 10 channel bar surfaces, in 9 trenches, dug perpendicular
to the main channel at the bar/floodplain margin of 5 bars, and in 13 longitudinal bank exposures,
divided equally among the three planform styles. A specific facies coding scheme was developed,
based on channel bedform features. An alternative, broader scale depositional unit (termed
elements), based on geomorphic criteria, also was employed in the trench and bank exposure data

sets.

Sedimentologic differentiation of the three channel planform styles was examined in terms of
facies and element abundance, their composition and character, their spatial organization
(vertically, laterally and longitudinally), particle size trends, and basal surface characteristics.
Markov-derived planform facies models indicate complex sediment associations in each planform
reach. Observed differences between models are largely insignificant and sediment trends relate
much more closely to local depositional environment (or locales, namely bar platform, chute

channel, ridge and established floodplain) than to channel bar type, or channel planform style.

Locale spatial association varies by planform, but this variability is not reflected in floodplain
deposits, as channel bar sediments are reworked by chute channels prior to being incorporated into
the floodplain (i.e. bar platform deposits have extremely low preservation potentials). In both the
trench and bank exposure data sets, facies are extremely laterally discontinuous, and vertical
sediment sequences typically are characterized by upward transitions from channel framework

gravels to lower energy depositional units, irrespective of channel planform type.

When analysed in vertical sequence, locale type is evaluated in elemental terms. The
established floodplain locale is divided into flood cycle and sand sheet elements. These vertically
accreted, top stratum deposits, are the dominant component of the Squamish River floodplain. In
the older sediment sequences of bank exposures, distal overbank deposits occasionally are

observed. In these instances, the preserved proportion of bar platform (bottom stratum) sands is
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greater, as chute channel reworking of sediments is minimized by rapid shifting or avulsion of the

main channel.

When based on small scale sediment structures, facies types and their organization can not
be used to differentiate between river depositional environments, as they merely reflect local scale
flow conditions. Similarly, as there is no process differentiation between planform types, river
channel planform style can not be detected from sediment patterns. In contrast, the element scale,
based upon field geomorphic units, provides much more insight into environment of deposition, and

offers greater reliability in past environmental reconstruction.
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PART A
FRAMEWORK OF THE STUDY



CHAPTERI1
INTRODUCTION

1: 1 Introductory statement

The foundations of any scientific discipline are the questions asked and the methods used to
collect data and evaluate results. Since the introduction of quantified approaches to geomorphology
following the Second World War, there has been a tendency for research questions to become
technique oriented, rather than asking questions of more fundamental concern (Anderson and Burt,
1981; Kellerhals et al., 19768). These dilemmas also are evident in fluvial sedimentology.

Research is largely empirically based, methods used vary greatly from study to study, and the
theoretical framework is poorly developed. These problems are compounded by the vast range of
sediment types and depositional environments encountered and the many different scales of
approach adopted in research by different practitioners. To date the natural link between
geomorphology and sedimentology has received limited attention. As Brakenridge (1984, 9) noted:

"... there have long existed significant differences in investigative methods between

sedimentary geologists on the one hand, who commonly infer base-level, tectonic or

climatic changes as controls over fluvial sedimentary successions (Fisk, 1944; Otvos,

1980), and process geomorphologists on the other hand, who study rivers as dynamic

and complex systems ... where geomorphic variables tend towards readjustment

(Leopold and Wolman, 1957; Schumm, 1977; Bull, 1979)."

The major goal of this thesis is to demonstrate the role geomorphology can play in the

interpretation of alluvial depositional sequences.

1:2 Objectives

According to Walther’s "Law of the correlation of facies’, "only those facies and facies areas
can be superimposed primarily which can be observed beside each other at the present time"
(Walther, 1894, 979; in Middleton, 1973). This principle can be invoked at various scales. For
example Schumm (1981, 19-20) noted that :

"Both braided and meandering river sediments should frequently be found in close

proximity in the rock record, as a paleoriver abruptly alters its pattern or as the

pattern changes in a downstream direction.”

Implicit within this statement is the notion that each channel pattern must yield a distinctive

lithofacies produced by distinctive depositional processes (Jackson, 1978). From this basis, river



planform facies models have been developed.

River channel planforms are visually very distinctive. The continuum of styles has several
end members, but the characteristics used to describe these channel conditions vary for each
planform style, including factors such as sinuosity, lateral stability, number of channels and
channel lineation. None of these characteristics, however, are indicative of the process
mechanisms required to create that particular style. Indeed, planform differentiation does not
result from distinctive processes operative in different channel reaches; rather, the environmental

setting conditions river style by imposing limiting factors upon the nature of channel adjustment.

The overlap in environmental settings and the lack of distinctive processes for different
planforms seemingly precludes the existence of mutually distinctive planform facies models. From
this comes the null hypothesis for this study :

"Although river channel planforms are morphologically distinct, they can not be differentiated in
geomorphic process terms, and accordingly there are no predictable variations in floodplain
sedimentology by planform.”

This postulate is tested over a variety of scales by extensive field analysis of a 20km reach of the
Squamish River, in southwestern British Columbia, which demonstrates down-valley change from
a braided, through a wandering gravel-bed, to a meandering channel planform style. The primary
objectives of study are as follows :

1. Develop a sampling procedure suitable to characterize sediment sequences in each channel

planform reach, at a variety of spatial scales, relating broader scale (elemental) sediment
coding schemes to geomorphic principles. ‘

[\]

Compare and contrast observed sediment sequences in each channel planform reach.

3. Comment on observed mechanisms of floodplain growth and develop a three dimensional
picture of the floodplain sedimentology of the study reach.

1 : 3 Qutline and organization of the study

This thesis is divided into four major parts. The first provides the framework for the study,
examining related literature (Chapter 2), the regional setting (Chapter 3) and methods used
(Chapter 4). The second part of the thesis focusses upon sedimentologic analysis of contemporary

river channel bars in three contiguous planform reaches. Chapter 5 examines summary statistics



of channel bar deposits for both the overall data set and between planforms. One-dimensional
facies models are derived using Markov analysis. Within-planform sedimentologic variability is
assessed using both summary statistics and visual analysis in Chapter 6. An alternative scale of
sedimentologic analysis, based upon field morphologic units (i.e. geomorphic criteria) and referred

to as locales, is developed and analysed for contemporary river bars in Chapter 7.

The third part of the study examines the lateral and longitudinal continuity of sediment units
at both the facies and elemental (locale) scales. These are evaluated both for a series of trenches
dug perpendicular to the contemporary channel (Chapter 8) and extensive bank exposures
(Chapter 9). In the final part of the thesis the sedimentology of the three channel planform reaches

is compared, and implications of the study are described (Chapter 10).



CHAPTER 11
LITERATURE REVIEW

2 : 1 Introduction and outline of chapter

Primary goals of study in fluvial sedimentology typically include both description of a
sedimentologic sequence and interpretation of the depositional processes responsible for it.
Associations between sedimentologic units over space and their environmental attributes are
geographic modes of enquiry. Understanding the mechanisms of deposition is essentially a study
in fluvial geomorphology (Reineck and Singh, 1980, 5). The character and configuration of rivers
vary markedly in different environmental settings. Unfortunately this is often overlooked and
continues to haunt attempts to classify and model river systems. Visually distinctive planform
types can be found in relatively similar settings (section 2:2). The floodplain geomorphology of

differing planform reaches is examined in section 2:3.

The second half of the chapter is concerned with fluvial sedimentology. A hierarchical scale
of sedimentologic units is defined and described (section 2:4). The environment of deposition of a
sedimentologic sequence can be inferred from the internal organization of facies. Facies
associations have been described for individual river-channel bars (section 2:5:1), floodplain units
(section 2:5:2) and planform types (section 2:6). In recent years, the usefulness of river planform
facies models has been viewed with much scepticism and alternative modes of analysis sought. Of
particular interest is architectural element analysis (section 2:7), a three-dimensional approach
based upon geomorphologically-defined units. The state of the art in fluvial sedimentology is

assessed in section 2.8.

2 : 2 River classification and geomorphic controls upon channel planform style

A vast range of river morphologies exist in nature (e.g. Galay et al, 1973; Mollard, 1973;
Schumm, 1985) and it is only for reasons of academic convenience that the continuum is divided
into discrete types (Richards, 1986). Schumm (1977) devised a river classification scheme based
on combining the predominant mode of sediment transport (suspended, bedload or mixed) with

channel stability (aggrading, poised or degrading), creating nine different regimes with alternative



combinations of W/D ratio, sinuosity, slope and erosion/deposition. Unfortunately this scheme,
along with the alternative approach based upon river reach analysis suggested by Kellerhals et al
(1976), has received limited attention, and focus continues to be placed upon channel planform, a

scheme based upon visual and morphologic character with little reference to geomorphic process.

Channel planform refers to the configuration of a river in plan view. Distinction generally is
made upon the basis of sinuosity and number of channels (Rust, 1978a). Five major types are
recognized : braided, wandering, anastamosed, meandering and straight. However, this simple
division is seldom satisfactory in practise (Lewin, 1978a) and the terms are not mutually exclusive
(Jackson, 1978). Braids can meander (e.g. Fahnestock, 1963; Williams and Rust, 1969),
meanders locally braid (e.g. Shelton and Noble, 1974; Teisseyre, 1977; Brice, 1984; Hooke, 1986),
and planform styles may alter at different discharge stages (e.g. Smith, 1970), or following flood

events (e.g. Anderson and Calver, 1980).

In braided river reaches, flow diverges and rejoins around bars and/or islands on a scale of
the order of channel width (Schumm, 1971). Channel sinuosities are less than 1.5. Typically there
are several topographic levels (Williams and Rust, 1969); some islands may be dry and vegetated.
The degree of braiding generally decreases downstream; proximal and distal floodplain zones may

be highly variable in character.

Wandering gravel-bed river reaches are characterized by fewer channels and active bar
platform areas than in braided reaches. Generally there is one dominant channel (Neill, 1973).
This is irregularly sinuous in outline and splits around vegetated islands (Church, 1983; Desloges
and Church, 1987; Morningstar, 1988). Bar grow and channels wander primarily across- rather

than down-valley.

Meandering river reaches generally are single-channeled and have sinuosities greater than
1.5. Such reaches have well defined floodplains, made up of distinct morphologic units (Happ et al,
1940), in which there is clear process differentiation from the channel zone (Collinson, 1978).

Channel character is dependent upon channel sinuosity (Schumm, 1963).

The general effect of the many environmental variables upon planform type is shown in
Table 2.1. Individual river planform types are not found under unique sets of circumstances.

Rather, they represent a state of fluvial adjustment to combinations of inter-related environmental



TABLE 2.1 : GEOMORPHIC CRITERIA USED TO DIFFERENTIATE BETWEEN

BRAIDED AND MEANDERING PLANFORMS

Factor

1) Setting
Discharge

Slope

Sediment supply
Bed material size
Bank erodibility

2) Properties of flow
Transport mechanism
Flow resistance

Bed roughness

Flow competence

Shear stress

Braided

High/variable
Steep
High/variable
Coarse to fine
High, with limited
vegetation

Mainly bedload
High

High
Undercompetent/
Overloaded

High

3) Morphologic response of channel

Number of channels
Sinuosity
W/D ratio

High
Low
High

Meandering

More stable
Relatively gentle
More consistent/low
Finer (some coarse)
Low, generally
cohesive, more
vegetated banks

Mainly suspended
Lower

Lower
Overcompetent

Lower
One

High
Low

Planform may be an historical artifact (i.e. a result of former flow conditions).



variables, in which limiting factors may impose a particular morphologic response (see review by
Ferguson, 1987). This geomorphic convergence implies that planform styles are not a direct

response to specific flow properties.

Combinations of the geomorphic and hydraulic variables described in Table 2.1 influence the
relative energy of flow, or stream power, at a site (Chang, 1979). The braided channel planform
type generally is associated with higher energy geomorphic settings, in which flow is either unable
to carry its entire sediment load, or parts of the sediment load are too coarse (capacity and
competence limits respectively). Such conditions are evidenced in a wide range of environments
(e.g. subarctic, Church, 1972; semi-arid, McKee et al, 1967; mountainous, Fahnestock, 1963), with
highly variable particle size domains (from fine sands to gravels, e.g. Nanson et al, 1986; Williams
and Rust, 1969), or simply are a response to sediment or discharge inputs (e.g. Carson, 1984b,
1984c; Bradley, 1984; Smith and Smith, 1984). Similar ranges in environmental settings are
evidenced for the meandering channel planform style (e.g. subarctic, Forbes, 1983; temperate,
Jackson, 1975; semi-arid, McGowen and Garner, 1970), with particle size ranges from fine sands

to gravels (e.g. Fisk, 1947; Gustavson, 1978).

Planform type may be sensitive to changes in environmental setting (river metamorphosis;
e.g. Schumm, 1968, 1969; Hickin, 1983). For example, as sediment availability has diminished in
the post-glacial period, many rivers have adjusted their planform style from braided to meandering
(e.g. Fisk, 1944, 1952; Leopold and Wolman, 1957; Knox, 1972; Kozarski and Rotnicki, 1977;
Rose et al, 1980; Maizels, 1983). Similar adjustments may result from sea level or climatic
changes; indeed, any alteration of the aggradation/poised/degradation balance results in river style
change (Schumm, 1977). In some instances, planform type may be an historical artifact, as rivers

adjust to their former flood history (e.g. Schumm and Lichty, 1963; Burkham, 1972).

As planform types are a response to certain combinations of environmental variables, they
often are found in characteristic locations. For example, as slope and particle size typically
decrease downstream, the likelihood of a meandering planform being adopted increases.
Accordingly, principal mechanisms of floodplain formation may change down-valley (e.g. Brown,
1987). However, given the overlap between the environmental domains within which planform
types are encountered, some reaches exhibit different planforms at different flow stages (e.g.

Fahnestock, 1963; Williams and Rust, 1969; Smith, 1971; Bluck, 1974; Blodgett and Stanley,



1980; Werrity and Ferguson, 1980; Ferguson and Werrity, 1983; Carson, 1984b; Rundle, 1985a).

Geomorphic differentiation of planform types has been a recurrent theme of discussion since
the papers by Lane (1957) and Leopold and Wolman (1957) which described discriminating
functions for braided/meandering planform differentiation based on the relationship between
channel slope and discharge. Carson (1984a) attributed the failure in discriminant analysis to
problems of definition and interdependence of the terms used (neither discharge nor slope are
independent), and the fact that functions derived in one region, with one particle size range, cannot
necessarily be applied to another. For example, irrespective of planform, gravel-bed rivers must
plot higher than sand-bed streams on discharge-slope plots because of the greater requirements for
bed material movement (as Wilson, 1973). Hence, ranges of thresholds may be seen to apply for

different particle size ranges.

Laboratory studies (e.g. Ackers and Charlton, 1970; Schumm and Khan, 1972; Anderson
and Calver, 1981; Ashmore, 1982; Edgar, 1984), empirical studies (e.g. Chitale, 1970, 1973;
Osterkamp, 1978) and theoretical studies (e.g. Engelund and Skovgaard, 1973; Parker, 1976;
Fredsoe, 1978; Chang, 1978, 1985; Hayashi and Ozaki, 1980; Begin, 1981) have demonstrated
that a continuum exists between channel patterns and their flow and sedimentary patterns
(Bridge, 1985). As such, favourable settings for the development of one planform type as opposed
to another are contingent upon the combined interaction of many environmental variables, rather

than any distinctive property of flow.

2 : 3 Floodplain geomorphology

River floodplains are sediment sinks adjacent to river channels in which eroded and sorted
sediments accumulate and are reworked by various processes, producing a vast array of
sedimentary forms. This relatively thin (channel depth) veneer exhibits pronounced variability
between proximal and distal zones (Happ et al, 1940). Mechanisms of floodplain growth generally
are differentiated into within-channel and overbank processes, although distinguishing between the

two is often not very clear (e.g. Nunnally, 1967).

The primary within-channel mechanism of floodplain sedimentation is lateral accretion,

wherein bedload deposits on the inner side of bends become part of the floodplain as the channel



migrates (Gilbert, 1877; Russell, 1898; Fenneman, 1906; Mackin, 1937). Eventually the surface
of the convex bank approaches the elevation of the older part of the floodplain (Wolman and
Leopold, 1957). The nature of bend movement often results in a ridge and swale pattern at the
point bar margin (Fisk, 1944, 1947; Sundborg, 1956; Wolman and Leopold, 1957; Hickin, 1974;
Hickin and Nanson, 1975; Koutaniemi, 1979; Nanson, 1980). Overflow across the bar surface
leaves a veneer of fine materials, often infilling the swales to produce a relatively flat surface (e.g.
Schmudde, 1963; Alexander and Prior, 1971). In river systems characterized by an irregular
pattern of channel bars and shifting channel positions, floodplains may develop by island formation
and channel abandonment (e.g. Schumm and Lichty, 1963; Nordseth, 1973; Morningstar, 1988).
Major floods may remove coarse grained floodplain sediments, with replacement by channel bar
and chute fill deposits (e.g. Baker, 1977). Until overbank deposits smooth out the floodplain
surface, the hummocky appearance of former channels is retained. Finally, concave bank benches,
produced by eddy accretion in the concave areas of bends, may merge with the floodplain (e.g.

Carey, 1969; Hickin, 1979, 1986; Nanson and Page, 1983).

As a river overtops its banks, it loses power due to both the greatly reduced depth of the
unconfined sheet-like overbank flow and the inhibiting effects of vegetation. The cyclical nature of
these vertical accretion deposits reflect the rising and falling stages of floods. Wolman and Leopold
(1957) pointed out the difficulty in reconciling substantial overbank deposits with regular
recurrence intervals of bankfull discharge and considered such deposits to make up only 20% of
floodplain sediments. These findings have been confirmed in many studies (é.g. Lattman, 1960;
Allen, 1965; Douglas, 1977; Bridge and Leeder, 1979). Other authors have noted the prominence
of overbank deposits in migrating channel regimes (e.g. Melton, 1936; Schumm and Lichty, 1963;
Schmudde, 1963; Blake and Ollier, 1971; Mollard, 1973; Nanson and Young, 1981). The
floodplains of streams which exhibit little or no lateral migration may be composed largely of
vertical accretion deposits (e.g. Speight, 1965; Ritter et al, 1973). Controls upon the lateral
stability of river channels are described by Friend et al (1979). The relative proportions of lateral
and vertical accretion deposits also are affected by sediment supply and land use changes (e.g.
Knox, 1972; Jacobson and Coleman, 1986). In general, floodplain sequences beyond the meander

belt are dominated by overbank deposits (e.g. Fisk, 1947, 1952).

In some instances, high energy floods may strip away significant proportions of floodplain

deposits, with subsequent replacement by vertical accretion deposits (e.g. Nanson, 1986; Ritter

10



and Blakley, 1986). Furthermore, floodplain elevation may constrain depositional mechanisms.
For example, Bishop (1987) noted that whereas lateral accretion mechanisms were more
prominent on the smaller, lower floodplain unit, the upper floodplain was dominated by vertical
accretion deposits. In contrast, Burrin and Scaife (1984) observed that in the contemporary time
frame both lateral and vertical accretion mechanisms are relatively insignificant, and channel
shrinkage and colluviation are more important sources for sediment accumulation. Over time,
floodplain sediments initially deposited by one mechanism often are reworked and redeposited by
others (Schmudde, 1963; Schumm and Lichty, 1963; Sigafoos, 1964; Brakenridge, 1984; Hereford,
1984).

2 : 4 : 1 Introduction to fluvial sedimentology

The vast array of scales of sedimentologic research can be classified into a hierarchy of field
and conceptual units (Table 2.2) that form a continuum to which no specific spatial scales can be
applied. For example, a mid-channel bar unit on a major river such as the Brahmaputra is

equivalent in scale to an entire planform reach on a smaller river.

Small scale experimental studies of grain-by-grain interaction upon bedforms, along with
theoretical notions on flow/sediment interaction, sediment packing, bedform migration and bedload
transport are critical elements in understanding river processes, but as yet these mechanisms
cannot be applied reliably at broader scales of sediment analysis. As such, recourse is taken to
largely empirical, field studies of facies differentiation (at bar unit, channel bar and river reach
scales). These varied studies, often with very different goals and carried out on very different
styles and scales of rivers in a wide range of environments, are extremely difficult to synthesize,
resulting in the poor state of theoretical development. Planform facies modelling and basin
analysis provide conceptual frameworks of value for teaching or preliminary resource evaluation,
but generally fail as analytical/interpretive tools. Architectural element analysis, based upon
geomorphic field units, attempts to redress this problem. These different field and conceptual

scales of sediment analysis are evaluated in following sections.
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TABLE 2.2 : HIERARCHICAL ARRANGEMENT OF SEDIMENTARY SCALES

FIELD UNIT

Grain-by-grain interaction
Bedforms (ripples, waves, dunes)
+ Bedding character

Bedsets, cosets, composite beds

Locale (bar unit scale)
River bar types
Floodplain units
Planform types

River system

Regional scale analysis

12

CONCEPTUAL UNIT

Combined with particle size
as facies types

Facies associations, often
referred to as models

Architectural element
analysis

Basin analysis



2 : 4 : 2 The facies concept and facies modelling principles

Sediment classification styles can be differentiated into generic and genetic forms; clearly the
latter is more useful although as yet there is no unifying scheme. Modern usage of the term facies
dates back to Gressly (1838) in which the term refers to the "sum total of the lithological and
paleontological aspects of a stratigraphic unit" (Walker, 1984, 1). This is a broad definition of the
term; since then many other scales and meanings have been applied, resulting in different
interpretations by different practitioners. Reading (1978, 4) defined facies as "a distinctive rock
that forms under certain conditions of sedimentation, reflecting a particular process or
environment". Following suggestions of Miall (1977, 1978b), the term is used in this study to
describe sediment units of similar character at the scale of channel bedform units. Bedding and

textural characteristics are combined with bedform structures in defining facies types (Chapter 4).

Only in the last thirty years has knowledge been attained of associations between flow and
bed deformation in rivers (largely through laboratory studies; e.g. Simons and Richardson, 1961,
1962; Simons et al, 1961). In essence these studies have shown that as the relative energy of flow
increases the nature of bed deformation alters, the specific manner of change depending upon bed
material size. This linkage between flow conditions and bedform structures provides the basis of

sedimentologic classification.

It was only following detailed field inventories of river deposits (e.g. Fisk, 1944, 1947,
Sundborg, 1956) along with these laboratory studies of the hydrodynamics of bedform genesis that
associations between sedimentary sequences and their environment of deposition could be
determined. The key to positive identification of the environment of deposition of a particular
sediment unit is the facies assemblage, including both the vertical profile and lateral lithologic
variability. According to Walther’s dictum, those units found laterally adjacent in the field should

be found in adjacent positions in vertical sequence (e.g. Beerbower, 1964; Visher, 1965).

Examination of facies types in vertical sequence can be used to produce a facies model.
These models aim to provide a general summary of a specific sedimentary environment (Walker,
1984), often in schematic form. Facies associations in vertical sequence can be avaluated at a
variety of scales using Markov analysis (Miall, 1973), ranging in scale from depositional units upon

river bars, to river bars themselves, to channel planform reaches, and to entire river systems

13



(Walker, 1984). Of particular interest in this study are river channel planform facies models.

Given the vast range of river channel styles and depositional types, planform facies models
must be viewed as fixed points in a continuum, as proximal-distal relations can be expected (e.g.
Jackson, 1978; Miall, 1985) and flow regimes adjust in response to climatic change (e.g. Brady,
1984). The "classic" meandering facies model was conceptualized by Allen (1964). Jackson (1978)
envisaged a range of meandering models based upon hydrologic and sediment size controls. Models
for the braided river depositional environment were summarized by Miall (1977, 1978b; Rust,
1978b). Facies models have subsequently been derived for other river styles (e.g. Smith and
Smith, 1980; Bridge et al, 1986; see Walker, 1984). Prior to describing sedimentologic
characteristics of braided and meandering channel planform styles, the sedimentology of channel

bar and floodplain units are described.

2 : 5: 1 Channel bar sedimentology

Channel bars are non-periodic (i.e. irregular) areas of net sedimentation of size comparable in
magnitude to the channels in which they occur (Smith, 1978). They adopt many varied forms,
contingent upon both regional scale environmental setting and local scale flow conditions. Specific
bar types are found in characteristic locations (Table 2.3) and generally change in a downstream
direction (Church and Jones, 1982). Bed material character, and the competence of flow to
transport it, are primary factors affecting longitudinal (mid-channel) bar formation (Leopold and
Wolman, 1957). With flow oriented obliquely to the long axis of the bar, a diagonal feature is
produced (Church, 1972). These two bar types are generally associated with gravelly braided
environments. In sandy braided conditions, flow divergence results in transverse or linguoid bars
(Collinson, 1970; Smith, 1974; Cant and Walker, 1976). Lateral and point bars are found at
channel margins under both sandy and gravelly conditions, and refer to sediment accumulations

accreted laterally onto banks at the insides of river bends.

Most river bars are not simple unit features (Smith, 1974), but are complex, compound
features made up of many zones, reflecting local erosional and depositional history. There are two
main elements in bar form. The basal element or platform is made up of coarser material of
constant form and composition. The supraplatform, or overlying sediment, has varying forms and

is subject to removal and replacement during floods (Bluck, 1976). Down-bar trends have been
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demonstrated for longitudinal and diagonal bars, and Jackson (1976) showed the differing patterns
of sediment types as one moves around a meander bend. Indeed, sediment variability within-bar

may greatly exceed between-bar variability.

2 : 5 : 2 River floodplain sedimentologic zones

As this study focuses in large part upon floodplain sedimentation in and around the channel
zone of the Squamish River, the many different styles and forms of floodplain deposits described for

a wide range of different environments (Table 2.4) will be given scant regard here.

Flow energy decreases notably away from the main channel (e.g. Kesel et al., 1974; Lewin,
1978b; Pizzuto, 1987), resulting in pronounced differentiation between proximal and distal
floodplain zones (TASK Committee, 1971). Proximal (channel marginal) features include bars and
concave benches. Channel shifting or migration patterns may result in abandoned channels and
ox-bows. Once sediment builds up to a certain level on the floodplain, overbank mechanisms
become more important, and levees may develop. Higher energy flows that breach these levees
may result in crevasse splay deposits. Channel avulsion may produce abrupt lateral facies and
paleocurrent variability (e.g. Allen, 1978; Bridge, 1984). In general, more distal parts of the
floodplain are made up of alternating cycles of roughly horizontally bedded, flood deposits; in areas
furthest from the channel, backswamp conditions may prevail (e.g. Carey, 1969). Deposits from
each flood are so thin in this zone that they are unlikely to accumulate to any great thickness
(Schmudde, 1963). Finally, at valley margins the floodplain may no longer be influenced by
present alluvial processes, and slope processes may prevail, resulting in colluvium or debris flow

accumulations, or alluvial fans at tributaries.

2: 6 : 1 Sedimentology of braided river reaches

Depositional sequences associated with the distinctive shifting behaviour of braided river
channels were first noted by Doeglas (1962), Krigstrom (1962) and Ore (1964). Within-channel
bars, formed continuously in association with channel thalweg shifting, become part of the
floodplain upon channel abandonment. Bar development may include lateral accretion, although

longitudinal growth is favoured. This produces alluvial plains with a network of channels, but no
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clearly defined overbank terrain.

Alluvium of braided streams consists largely of imbricated, channel lag gravels, with
erosional bases, and randomly preserved fragments of channel and bar deposits. Channel fill
deposits vary widely, with lenses of bedload sediment (structureless or trough cross-stratified
deposits), or broad, tabular, dip-oriented multi-lateral sand belts in sand-bed rivers (Galloway and
Hobday, 1983). Abandoned braid channels may have sandy mud or clay fills, resulting in rare
shoestring forms upon the floodplain. Channel bar deposits exhibit a wide range of forms and
depositional sequences, resulting from coalescence and accretion of smaller bedforms during flood
events. Longitudinal or transverse lenses, or even foresets associated with lateral accretion, may
be found (Reineck and Singh, 1980; Cant, 1982), producing complex patterns of tabular sets of
cross-bedded sands and/or gravels, often with reactivation surfaces and ripple cross-laminations

preserved above the sets (Smith, 1974; Collinson, 1978).

The sediment character of braided streams varies in a proximal-distal sense for both gravel
and sand-bedded streams (e.g. Bluck, 1987). Proximal reaches of gravel-bed braided streams are
dominated by imbricated, horizontally bedded clast-supported gravels (often massive), deposited
upon longitudinal bars (Williams and Rust, 1969; Rust, 1972, 1975, 1978b, 1979; Smith, 1970;
Church and Gilbert, 1975; Cant, 1982). These fine upwards to trough- and horizontally bedded
sands, with occasional accumulations of vertically accreted fines deposited upon inactive tracts
raised above the general channel level (Williams and Rust, 1969; Rust, 1979). The proportion of
horizontally and planar cross-bedded sands increases as one moves downstream (Smith, 1970).
Sand-bedded braided river reaches are composed largely of tabular sets of cross-bedded sands
deposited upon bars and sand flats, with trough and ripple sequences atop (Collinson, 1970; Smith,
1970; Church and Gilbert, 1975; Cant and Walker, 1976, 1978). Laterally interfingered channel,
bar, and sand flat deposits succede one another vertically (Cant, 1978). At high discharge stages,
sand-bedded braided streams may have plane bed conditions (Coleman, 1969), but as flow wanes,
sand sheets are dissected into a variety of forms with low angle erosion surfaces and lateral

accretion of ripples and silty drapes. Vertical accretion deposits seldom are observed.

In summary, braided river deposits exhibit random interbedding of trough and tabular sets
with occasional ripple units. Local scour units, discontinuous lags, and diffuse pebble sheets are

common, whereas muds are rarely deposited from suspension, accumulating only in abandoned
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channels. The relative proportion of sheet and channel deposits depends upon local circumstance,
especially the discharge regime. Systematic upward change of particle size or cross-bedding set is
unlikely except during channel abandonment, as sequences demonstrate large facies changes over

short distances.

Miall (1977, 1978b) and Rust (1978b) synthesized these sequences into six braided planform
facies models based upon differing environmental settings and bed material size characteristics
(Table 2.5). The braided section of the Squamish River falls between the Scott and Donjek facies

model styles.

2 : 6: 2 Sedimentology of wandering gravel-bed river reaches

The sedimentologic character of wandering gravel-bed river reaches (first described by Neill,
1973) has received considerably less attention than braided or meandering styles. Distinction can
be made between two zones of river activity, distinguished by the irregular pattern of channel
instability. Stable channel reaches consist of gravel-based, lateral and point bars with planar and
trough cross-bedded sands and occasional silt drapes (Desloges and Church, 1987). Unstable
sections, or sedimentation zones (Church, 1983), also have a single dominant channel, with
sporadically active mobile bed gravels and sands. In these reaches, medial bars and islands are
made up of massive and planar gravels, with occasional horizontally bedded sands. Morningstar
(1988) described a mechanism wherein lateral channel shifting results in islands accreting onto the
floodplain, with channel abandonment resulting in a slough between the former island and
floodplain deposits. A variety of sedimentary forms were observed in a distinct hierarchy of
within-chute channel facies. Floodplain deposits consist of roughly horizontally bedded sands and
scour and fill units within old slough-channel fills. Trough cross-bedded units may overlie these
deposits. Massive fines are found as either thin drapes or as thicker fills of back channels upon the

distal floodplain.
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2 : 6 : 3 Sedimentology of meandering reaches

Meandering reaches form deposits primarily by the action of lateral accretion, wherein
bedload deposits upon point bars become part of the floodplain as the channel migrates (Fenneman,
1906; Wolman and Leopold, 1957). Stable, vegetated banks, made up largely of fine deposits,
result in high width/depth ratios. The characteristic asymmetrical channel form is maintained as
the river migrates across its meander belt, producing a series of scroll bars (alternating ridges and
swales). Vertical accretion of overbank deposits raises the point bar surface to that of the
floodplain; these deposits also produce a range of secondary features away from the well-defined
channel. Each subenvironment of meandering river floodplains, the main channel, point bars,
levees, the flood basin and meander cut-offs, generate deposits with characteristic grain sizes and

sedimentary structures (Boggs, 1987; see Table 2.4).

Channel sediments are primarily imbricated lag deposits with indistinct bedding. At bankfull
stages, helical flow develops within channel bends, carrying sediment up the convex slope of the
point bars, with coarser grains and dune structures lower on the point bar, and finer grains and
ripple structures higher up, as shear stresses decline (Allen, 1970). Interspersed within these
sediments may be upper flow regime plane-bed parallel laminations (Walker and Cant, 1979;
Koutaniemi, 1984). This highly organized internal structure of point bars, with upward reduction
in both particle size and sedimentary structure (Galloway and Hobday, 1983), reflects progressive
downvalley channel migration, causing these sequences to successively overlie former positions of
the channel thalweg, now recorded by a basal surface. Vertical accretion of fine sediment of flood
origin subsequent to meander abandonment or channel avulsion, leads to formation of a complete
upward fining cycle. The relative importance of lateral versus vertical accretion deposits is

dependent largely upon the stability of the channel position.

The first studies indicating the distinctly upward-fining nature of sediments associated with
channel meandering were completed by Barrell (1912) and Dixon (1921). Although these sediment
styles were described further by Melton (1936) and Mackin (1937), it was not until the 1960’s that
the process of lateral accretion was incorporated into a model of floodplain growth by point bar
development (Allen, 1963, 1964, 1965; see review in Miall, 1978a). At this stage, Allen considered
the presence of epsilon cross-stratification, associated with the lateral accretion mechanism, to be

diagnostic of meandering rivers, with the horizontal extent of a single epsilon unit representing
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approximately two-thirds of the bankfull discharge (Allen, 1965). Thickness of cross-bed sets were
associated with channel depth, and dips from 1° to 25° observed in large and small rivers
respectively. Studies of ancient alluvial facies showed upward fining cycles between 1-20m thick,
repeating over great thicknesses of strata (Allen, 1964; Friend, 1965; Allen and Friend, 1968).

Further examples are described by Puigdefabregas and Van Vliet (1978).

As research upon contemporary meandering rivers continued, however, it soon became
apparent that this model is grossly oversimplified and applies to only a small range of fine-grained
meandering systems. Jackson (1975a, 1975b, 1976) and Ray (1976) demonstrated considerable
variation in composition, vertical sequence and internal structure within a single point bar. Bar
head units reflect the transition from reversed hydraulic and sedimentologic conditions of the
preceding bend. Current velocities are strongest and dunes or sand waves are best developed.
Only in the downstream, or "fully-developed zone" is the classic point bar model seen to apply, as
only part way around the bend is the helical overturn of flow fully developed. The extent of this
zone is conditioned by the ratio of channel curvature to channel width : if values are very high or

low the fully developed zone may not exist.

The classic point bar model has even less relevance for coarse-grained meandering river
reaches. Point bars in these low sinuosity, relatively high gradient, bedload streams often are
modified by chute channels and chute bars (McGowen and Garner, 1970; Levey, 1978). Whereas
basal platform deposits are composed of uniform, thick low-angled cross-beds, supra bar platform
deposits demonstrate a variety of complex sediment sequences (Bluck, 1971), contingent in large
part upon the coarseness of the gravel and the sand/gravel mix (Jackson, 1978). However, these
sequences characteristically exhibit little vertical fining; indeed, some of the coarsest grain sizes
and largest structures may be found atop sequences in chute or chute bar deposits (McGowen and

Garner, 1970).

Active grain segregation upon coarse-grained point bar surfaces results in a series of
sediment units around bends (Bluck, 1971). At the bar head, inclined gravels are interstratified
with ripple and horizontally bedded sand sheets, and steeply dipping beds at the margins.
Cross-bedded sands and occasional organics predominate at the bar tail. The bar lee has foresets of
silty-clay and organic bands, with thicker ripple units. Similar units accumulate at the inner

accretionary bank, grading upward into silts and clays of the floodplain.
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Slightly different point bar units were noted by Levey (1978), with poorly stratified channel
lag gravels at the bar apex, grading to horizontal or trough cross-bedded, coarse-medium sands at
the mid-bar unit. Distal bar facies consist of a variety of forms, with some megaripples and scour
and fill structures developed in chute channels, along with climbing ripple lamination and mud
drapes. Levey (1978) synthesized these three units into a hypothesized vertical sequence of apex,
mid-bar and distal forms. A similar pattern was predicted by McGowen and Garner (1970),
although in this instance the upper unit is characterized by interlensing, scour-based chute fill and
accretionary chute bar sands, demonstrating a wide range of sedimentary forms (including
discontinuous channel lags, planar and trough cross-bedding, and ripple laminations). Under even
coarser gravel bed conditions, Gustavson (1978) showed upper point bar sequences to be dominated

by thin gravel sheets deposited as transverse gravel bars.

In summary, vertical sections vary markedly for different sections of coarse-grained point
bars, and there often is greater sedimentologic variability within a bar than between bars (Bluck,
1971). Lateral point bar sedimentation, along with downstream movement of the meander loop,
produces a complex, interlocking lithofacies pattern. In a guarded review, Jackson (1978)
synthesized this wide range of meandering depositional environments into five facies models (Table
2.6). These must be viewed as end members within a continuum of variability, the Squamish

River falling between models 4 and 5 in style.

2 : 6 : 4 Sedimentologic differentiation of channel planforms

Reineck and Singh (1980, 310) observed that :
"each river pattern does not produce a single characteristic sequence, but a number of
sequences of highly variable character. Similar-looking sequences may be produced by
rivers of different patterns.”
Rundle (1985b) and Bridge (1985) noted that there are no indications of sedimentary structures
peculiar to individual planform types. Despite these reservations, planform differentiation
continues to be used in analysis of river deposits. Many sedimentologic criteria have been used to
make this distinction (Table 2.7), but as Jackson (1978) and Bridge (1985) commented, these must

be viewed with much scepticism, given the complexity of river depositional environments and the

continuum of planform styles.
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TABLE 2.7 : COMMONLY CITED SEDIMENTOLOGIC CRITERIA USED TO DIFFERENTIATE BETWEEN
MEANDERING AND NON-MEANDERING PLANFORMS

Characteristic

Meandering

Eaci | particle _size ot istics_(*1)

Gravels

Sand

Fines (silts/clays)

Sediment mix

Eaci -
Vertical facies sequence

Lateral facies variability
t L fill_cf isti
Abundance
Thickness

Shape

Nature of fill

Epsilon cross-stratification
Dispersion of current indicators

Geometry of channel belt
deposits

Natural levees
Scroll bars
Chute fill/ichute bars

Basal gravel contact character

few clasts; Gm, Gt, Gp rare to absent

St, Sh, Sr common; often thick, with
little lateral change in texture

normally Fl, Fm are common and thick

relatively few gravels; predominantly
sands, with high proportion of siit/clay

fining upwards cycles of grain sizes and
sediment structures

consistent/predictable pattern of facies
change

low

commonly >3m

typically asymmetrical

gradual infill of fine-grained material
following sudden neck cut-off; few
scour surfaces

common

large, often >180°

tabular sand body, with channel ribbon
deposits, stacked as multi-storey units

often preminent
common
common in coarse-grained rivers

tilts at consistent angle towards the
main channel

(*1) Facies coding scheme according to Miail (1977, 1978)

Non-Meandering

Gm common; some Gp, Gt

St, Sp, Sh, Sr common; often lenticular
and discontinuous

uncommon and thin
often gravel abundant; may be very
coarse in proximal reaches. Other

reaches are sand dominant; silt and
day are seldom observed

no consistent sequence

Wide range of facies variability, over
short distances

high

rarely >3m

broad range

progressive infilling of upward-fining
flood cydes; frequent scour surfaces

absent
smgll, often <80°

sheet deposits, stacked as multi-lateral
units

uncommon
absent
uncommon

highly irreguiar



Since the mid 1960’s, two criteria have been considered diagnostic of a meandering channel
planform, namely the presence of upward fining cycles of both grain sizes and sedimentary
structures, and epsilon cross-stratification (Moody Stuart, 1966). Both of these phenomena result
from changing depositional conditions upon point bars as river bends laterally migrate. Recent
research has found these to be oversimplified generalities, however, as these criteria are not
always observed in meandering rivers. Epsilon cross-stratification is very difficult to recognize
with low dips (Nijman and Puigdefabregas, 1978) and there are only 11 examples in the 231
upward-fining cycles studied by Allen (1970). Meandering river systems are not always
characterized by upward fining units (e.g. McGowen and Garner, 1970; Bluck, 1971; Jackson,
1976). Spiral flow associated with bend migration depends upon local flow geometry and river
stage, and is not unique to any particular channel planform. Furthermore, lateral accretion
deposits and epsilon cross-stratification have been observed in braided river depositional
environments (e.g. Long, 1978; Bluck, 1979; Ori, 1983; Allen, 1983; Bridge, 1985). Finally, bars
and islands, which are characteristic features of braided depositional environments, also have been

described for high sinuosity meandering rivers (e.g. Schwartz, 1978; Forbes, 1983).

Bridge (1985, p582) commented that

"... if channel-forming discharge, width/depth, slope and bed material size of an ancient
channel belt can be reconstructed ... the pattern can be ascertained by comparison with
... modern rivers".

Of the many criteria used to differentiate between river channel planforms only three have proven

reliable consistently (Jackson, 1978; Bridge, 1985) namely :

1. Particle size character and distribution : Open framework clast-supported gravels are found
only in pockets in meandering reaches whereas gravels may be laterally extensive and very
coarse in proximal braided environments (Rust, 1979; Bluck, 1980). Particle size
distributions of channel fill and floodplain deposits are more distinct in meandering planform
reaches, with laterally extensive accumulations of fines.

2. Paleocurrent variability : Low range of paleocurrent variability in coarse materials generally
is indicative of low sinuosity conditions (Bluck, 1974; Rust, 1975), although this is dependent
on scale of measurement and sediment reworking (i.e. preservation potential).

3. Facies associations and their lateral variability : In general, within-channel facies are the
most diagnostic component of planform sedimentology (Galloway and Hobday, 1983). While
low sinuosity streams are noted for vertical channel infilling by bed accretion processes, high
sinuosity streams infill horizontally by lateral accretion mechanisms. Theoretically,
sediment sequences are laterally more consistent in meandering planforms, whereas braided
deposits show large facies change over short distances, with a higher proportion of channel
fill sediments and limited cyclicity.
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The questionable usefulness of the channel planform scale in sediment analysis, along with
the lack of discriminating geomorphic factors, have prompted the search for alternative means of
river sediment classification. Of particular concern have been the limitations imposed by the
essentially one- and two-dimensional approaches of facies modelling analysis. Three dimensional,
architectural element analysis has been proposed as an alternative method of sedimentologic

investigation.

2 : 7 Architectural element analysis

The wide range of river channel planform models developed for each planform type reflects
their broad environmental domains. Facies models are inhibited by their inherent one-dimensional
approach and the questionable field and statistical methods used in their derivation. The simplicity
of derived models often means they have limited real-world sense (e.g. Jackson, 1978; Collinson,
1978; Miall, 1980, 1985, 1987; Friend, 1983; Anderton, 1985; Bridge, 1985; Reading, 1987; Dott,
1988). However, such models remain widely used in circumstances where the only available data

are one-dimensional core logs.

Given these limitations, recent research has moved towards three-dimensional approaches to
river sedimentary units wherein the architecture of a depositional body is evaluated in terms of its
shape and larger scale internal geometry (e.g. Collinson, 1978; Allen and Williams, 1982; Allen,
1983; Friend, 1983; Ramos and Sopena, 1984; Blakey and Gubitosa, 1984; Miall, 1985, 1987,
1988; Ethridge et al, 1987). Several interrelated field components make up the architectural
framework of a river system, such as channel, levees, crevasse splays and floodplain units. The

character and extent of these components reflect the regional and local environmental setting.

Geomorphic processes differ in type and propensity under these different environmental
settings, conditioned by factors such as channel shape and shifting behaviour, load type, discharge
regime and subsidence rate (Miall, 1984). These processes can be classified into a limited number
of styles. For example, Friend (1983) differentiated between fixed, mobile and sheet channel units
and inter-channel sediments. Miall (1985, 1988) refined this scheme into a series of eight
architectural elements, namely : channel, gravel bars and bedforms, sandy bedforms, foreset
macroforms, lateral accretion deposits, sediment gravity flows, laminated sand sheets, and

overbank fines. These elements are defined by their internal composition and geometry, external
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geometry, scale and bounding surfaces. The relative abundance and spatial association of

architectural elements depend upon local field scale; each river system has its own local suite.

2 : 8 The state of the art

Research in river sedimentology remains largely empirical in approach, reflecting the
diversity of sediment sequences associated with a vast range of river types, and little sense of
overall order prevails. In some instances, sediment sequences exhibit convergence wherein similar
depositional forms and associations are found under seemingly very different environmental
conditions. This is evidenced by river channel planform sedimentology. The degree of overlap
between the environmental domains of braided and meandering river reaches is such that it may
be impossible to differentiate between their resulting sedimentary sequences. Prior to the
introduction of fluvial architecture, the role played by fluvial geomorphology has been largely
neglected within sedimentology. Because they relate directly to geomorphic processes,
architectural elements may provide a more meaningful scale for evaluating river depositional

sequences.
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CHAPTER III
REGIONAL SETTING

3 : 1 Introduction

British Columbia has a high-relief, structurally controlled, mountainous coastline which has
been extensively modified by glaciers, producing many long, narrow and deep basins (Clague and
Bornhold, 1980). Located 60km north of Vancouver, the high energy, gravel-based Squamish
River is over 150km long, and drains an area of almost 3600km? in the Coast Mountain Ranges
(Figure 3.1). In this chapter the geologic and glacial histories of the area, regional climate, and
associated hydrologic regime of the Squamish River are described briefly. Finally, the geomorphic

setting of the study reach is examined in detail, focussing upon downstream planform variability.

3 : 2 Geologic Background

The Coast Mountain Plutonic Complex, intruded in the Late Jurassic - Early Cretaceous, is
mainly granitic (quartz diorite and granodiorite) in composition, with minor occurences of gneiss
and schist (Roddick and Woodsworth, 1979; Woodsworth, 1977). The northwest/southeast
trending Coast Mountain Ranges have a width of 125-160km (Holland, 1964). On the western side
of the Squamish Valley the Tantalus Ranges reach elevations in excess of 2200m. Higher peaks
(Mount Garibaldi, 2678m and Mount Cayley, 2393m) on the eastern side of the valley were formed
during the Quaternary by intrusion of andesitic volcanoes. Recent eruptions were ice-contacted,
resulting in very friable volcanic materials upon oversteepened slopes very prone to collapse
(Mathews, 1952a, 1952b, 1958a, 1958b; Souther, 1980; Clague and Souther, 1982), thereby

producing very distinct sediment sources (Brierley, 1984; Brierley and Hickin, 1985).

Ryder (1981) divided the regional geomorphic history of southwestern British Columbia into
three phases. Tectonic processes and subaerial denudation during the Tertiary resulted in a series
of structural lineaments and fragments of relict erosion surfaces. These major linear structures in
the Coast Mountains have been excavated by glacial and fluvial processes during the Pleistocene to
form striking alignments and grid-like patterns of valleys and fjords parallel to regionally

developed sets of joints or faults. The Holocene has been a period of fluvial reworking of glacially
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derived sediments, along with slope modifications of valley sides.

3 : 3 Recent glacial history and its consequences

Southwestern British Columbia has a complex Pleistocene history of glacial advances and
readvances. The most recent ice sheet phase, locally referred to as the Fraser Glaciation, reached
its maximum extent between 18000 and 13000 years B.P. (the Vashon Stade; see Clague, 1981).
Ice depth in the Squamish Valley was greater than 1950m, with the ice surface at 2100m in the
Garibaldi region and 1800m in the Tantalus Ranges (Mathews, 1951). The last notable readvance
of the Fraser Glaciation (the Sumas Stade, about 11300 years B.P.) produced a large terminal
moraine separating the inner and outer sills of Howe Sound, indicating that a major valley glacier
occupied the Squamish Valley after the ice sheet phase (Ryder, 1981). Low level cirques were not
reoccupied at this time (Mathews, 1951) and recession was very rapid. The regional history of
neoglacial ice advances is complex and uncertain, although three general phases have been

identified at 5800-4900 and 3200-2300 years ago and during the last 1000 years (Ryder, 1981).

Regional isostatic and eustatic sea level changes of up to 230m resulted from major ice
advances of the Fraser Glaciation (Armstrong and Hicock, 1976). Sea level adjustments in the
early Holocene were very rapid, and the shore has stood close to its present level for the past 2250
years in all parts of the area (Mathews et al, 1970; Clague et al, 1982; Clague and Luternauer,

1983; Roberts, personal communication, 1989).

3 : 4 Climate, hydrology and other physical factors

Squamish presently experiences a temperate maritime climate, with a wet winter/dry
summer regime, annual precipitation totals in excess of 2000mm, and average annual temperature
ranges from 0-15°C (Environment Canada, 1982a, 1982b). The abrupt nature of atmospheric
uplift associated with the mountain ranges, along with the transition from an ocean to a land
surface, result in high precipitation totals in the mountains. Indeed, alpine ranges remain
glacierized at 1500m on northerly slopes and 1800m on southerly slopes. The combined effect of

these factors produce hydrologic regimes with a distinctly seasonal nature.
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The Squamish River system drains an area of about 3600km 2, of which 2300, 950 and
330km? are contributed by the Squamish, Cheakamus and Mamquam basins respectively (Water
Survey of Canada, 1973). The discharge of the Squamish River at Brackendale has an annual
average of 250m3s~ ' with monthly averages ranging from about 90m3s- ' in March to over
500m3s- ! in July (Figure 3.2). In general, smaller, snowmelt-induced flood events occur
annually in spring (the freshet), whereas rainfall induced floods in fall and winter are more
sporadic, and often more severe. Recorded annual floods range from 700 to 2600m3s~ '. Gumbel
flood frequency analysis (Figure 3.3) indicates that bankfull discharge for the Squamish River at

Brackendale is about 900m3s~ ! (using the 1.5 year recurrence interval).

The Squamish River floodplain is densely vegetated with a mixed forest of conifers and
deciduous trees. Spruce and cedar are interspersed with maple, alder and cottonwood, the latter
two being the primary colonizers of channel bars. Log jams often provide nuclei for channel bar
sedimentation (Hickin, 1984). The floodplain lower canopy is often very dense. Soils are generally

highly leached, acidic, reddish-brown ferro-humic podzols, interspersed with regosols and gleysols.

3 : 5 :1 Geomorphology of the Squamish River Basin : Introduction

The Coast Mountain area of British Columbia is a very dynamic, high-energy landscape
undergoing adjustment to geologically recent ice-sheet activity. River valleys are confined by steep
mountain slopes; fjords are incised deeply along the coastline; glacially-derived sediments and
ice-contacted lavas on valley sides are prone to failure producing extensive alluvial fans, in some
cases leading to temporary damming of rivers; rivers themselves are in a state of adjustment as
they rework vast volumes of bed-calibre material produced by former events within their basins.
High drainage basin relief and associated climatic/hydrologic regimes result in very high regional
sediment yields and bedload dominance in contributing rivers and river distributaries (Kostachuk,
1984). The rapidly evolving nature of the Squamish River system is testified by contemporary
growth rates of the delta front, which is extending at a rate between 6-10m/annum into Howe

Sound.

In this section, the geomorphology of the Squamish River basin is divided into three parts:
Howe Sound fjord and the delta; sediment sources within the system; and river response to its

environmental setting in terms of planform variability.
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3:5: 2 Howe Sound fjord and the Squamish River delta

Howe Sound is a geomorphologically complex N-NW oriented fjord consisting of many
U-shaped submarine valleys that have deep basins, steep sides and submerged sills (Syvitski and
Macdonald, 1982). The Porteau Cove morainal sill, 30m below the present water surface, divides
inner and outer arms of the fjord. The northern arm is a simple silled (70m deep) U-shaped basin
approximately 3km in width, increasing in depth seaward to 325m. This inner sill is largely a
coarse boulder-laden moraine of Pleistocene age. Beyond the inner sill the fjord flares out,
becoming three U-shaped channels with a maximum depth of less than 250m. Channel bottoms
are covered by 50-150m of Holocene sediment that overlies thick deposits of Pleistocene sediment

(100-600m; Syvitski and Macdonald, 1982).

The highly constructive, fluvially dominated Squamish River delta has an area of 3.8 x
10°m? and is composed in large part of silts and fine sands (Hoos and Vold, 1975). Comparison of
bathymetric surveys from 1930 and 1973 showed the western and central parts of the delta
(between 1-100m) to be advancing at 6m/annum, whereas the eastern sector advanced at an
average of 2.7m/annum (Bell, 1975). Reanalysis of this data, along with a more recent (1984)
bathymetric survey, gave a mean addition of 8.01 x 105 tonnes/annum. Given the confined nature
of the fjord, and the constrained nature of flow upon the delta due to dyking, the upper 100m of the
delta are presently advancing at a rate of 9-10m/annum at the western margin (between

1973-1984).

3: 5 : 3 Sediment sources within the Squamish system

Unfortunately little is known of either the chronology or the relative importance of the many
sediment sources within the Squamish system. In late glacial/ early post-glacial times sediment
availability was doubtless very high, vegetative stabilization of river bars minimal, and discharge
regimes both high and variable. Under these paraglacial conditions (Church and Ryder, 1972),
debris was deposited to great depths on valley floors and at the head of fjords. Mathews (1952a)
estimated that between 90-120m of alluvial deposits have accumulated on the post-glacial valley

floor of the Squamish.
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Isostatic readjustment and resultant changes in land/sea positions led to entrenchment and
terracing of late-glacial and older deposits (Clague, 1981). Limited evidence remains of such
features in the lower Squamish Basin, however, although Mathews (1952a) documented remnants
of fluvioglacial gravels 130m above the contemporary valley floor just north of the Mamquam
River. Slope collapse and fluvial reworking in this confined, steep-sided valley, have incorporated

most of these units into the extensive valley fill.

The many alluvial fans within the Squamish Valley are testament to former sediment supply
conditions and presently represent large sediment storage units available for redistribution by the
river. Apart from slope failures associated with ice-contacted lavas on Mount Garibaldi, debris
flow events on Mount Cayley, and bedload sediment inputs at the low gradient alluvial fan of the
Ashlu River, most fans appear to be relatively stable. Despite their relative inactivity, however,

these fans continue to influence both channel configuration and channel position within the valley.

Mount Cayley is an extremely steep, dissected Pleistocene volcano. For about 4km,
materials from this volcanic complex form a fan unit on the eastern side of the Squamish Valley,
supplying debris to the river via three creeks, Terminal, Turbid and Shovelnose. Clague and
Souther (1982) documented a 1963 landslide event upon Mount Cayley consisting of 5 x 106m? of
angular, poorly consolidated blocks up to 3m in diameter. Souther (1980) indicated that this area
has a recurrent history of slope failure, althought the three channel positions appear to be
relatively well established. A landslide of similar magnitude to the 1963 event occured in the
summer of 1984 (Jordan, 1987). In the same year two surging debris flow events supplied large
volumes of mud and debris to the Squamish, temporarily damming the river. W

between the Elaho confluence and the Terminal Creek Fan, 1nd1cate that dep051ts from the Mount

it e e e s

s

Cayley Tan complex hm&ied _the Squamish on several occasions in the past (Jordan, 1987).

r——— e, .
NV e s i e ety

Cheekye Fan, extending from 7-13km above the mouth of the Squamish River, has an
estimated volume of 2.5km?®. A 13m exposure at the toe of the fan reveals two cycles of rapid
aggradation by debris flows and subsequent phases of fluvial deposition in braided channels
(Eisbacher, 1983). A l‘]lC date from the lower fluvial unit (about 3m above the base of the
exposure) gave a minimum date of 5890+ 100 years B.P. (GSC - 3256). In similar fashion to the
Mount Cayley area, Cheekye Fan is prone to debris flows on a recurrent basis. A 1958 mudflow

built a 5m high dam across the Cheakamus River; it is thought an even larger event may have
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occured 30 years earlier (Jones, 1959).

The shallow gradient alluvial fan formed at the confluence of the Ashlu River and the
Squamish marks a transition point in river planform character of the Squamish. Downstream of
this point the Squamish Valley widens considerably, probably in response to former glacial
activity, and the river becomes predominant!y §ing_le_fhanneled. This latter point indicates that
although the Ashlursystem is highlyrségi‘rrnent-charged, w1th -large volumes of post-glacial fill
remaining perched in terraces and thick lacustrine sequences (Brooks, 1987, pers. comm.), bedload
contribution to the Squamish is not particularly significant, as the Ashlu has entrenched itself into

a bedrock canyon and flows upon a coarse lag.

The steep-sided valley walls of the Squamish are dotted with former rockfalls, scree deposits
and avalanche trails. Logging activity may exacerbate some of these processes, although
O’Loughlin (1972) suggested that while sediment yields may increase, the density of landslide
activity does not appear to be directly affected by logging. In general, these sediment inputs are
localized and appear to be relatively insignificant in terms of the longer term geomorphic evolution

of the river system.

3 :5: 4 Downstream planform variability of the Squamish River

The regional geology, glacial history and sediment supply events of the early post-glacial
period have imposed a set of environmental conditions upon the Squamish Valley to which the river
is continually in a state of adjustment. The downstream sequence of planform styles represents
local responses to these imposed environmental conditions. Over 150 river kilometres from the
mouth of the Squamish, glacier-fed Clendenning Creek falls very steeply to the Elaho River (see
longitudinal profile on Figure 3.1). A few kilometres downstream of this junction, the Elaho has a
wide sand-bed channel, with well developed meanders and occasional concave bank-benches. The
Elaho is the larger river at the confluence with the Squamish (67 river kilometres from the mouth);
in its lower few kilometres the Elaho flows through a bedrock canyon. From its source in a
sprawling icefield complex, the Upper Squamish River drops 1200m in 22km, also flowing through

a bedrock canyon.
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The Squamish River is gravel based throughout its course. The 2km river section
downstream of the Elaho tributary is a zone «of sediment storage, with divided channels flowing
around large mid-channe] bars. For the next 4km, the Squamish River is confined in a 250m wide
canyon between landslide and debris flow deposits upon fans from the Mount Cayley Volcanic

Complex on its eastern valley side and granitic bedrock bluffs and derived colluvium on the west.

In the 7.5km below the canyon, the Squamish Valley widens gradually from 600 to 1200m,
with a valley flat slope of 0.006. The large volumes of sediment supplied from upstream are
spread liberally across the floodplain, with D values for the gravel fraction in the main channel
in excess of 500mm (Brierley, 1984; Brierleygind Hickin, 1985). Sediment overloading, its
coarseness, and the relatively steep slope have resulted in a braided channel planform, brought

about by upstream channel control.

The nature of the braided reach changes down-valley, as sediments are redistributed, their
coarseness reduced, valley slope declines and valley width changes. The first 7.5km downstream
of the Squamish Canyon, referred to as the upper braided reach, is characterized by large,
mid-channel bars, with many secondary channels between braids. Between 1947-1980 the
primary changes in this reach were longitudinal bar accretion, and interbraid stabilization
(Sichingabula, 1986). Several high magnitude floods between 1980-1984 eroded island banks and
increased channel multiplicity as old floodplain channels were reactivated. These changes were
largely cosmetic in comparison to the effects of an October 1984 flood, with an instantaneous
discharge of 2610m3s~ ', which created new islands by channel avulsion and floodplain dissection
(Sichingabula, 1986; Hickin and Sichingabula, 1988), with notable aggradation for several

kilometres downstream (Jordan, 1987).

Immediately downstream of the upper braided reach, valley width is reduced to about 700m
for 2.5km. In the next 15.5km down-valley, channel planform type changes from braided through
wandering to meandering. This valley section forms the study reach. Geomorphic settings for the

three planform sections are summarized in Table 3.1.

The lower braided reach of the Squamish extends for 5.5km. The upper 4.5km have a width
of 1000m; in the lower 1km the valley narrows to a width of 700m. The floodplain is more
extensive than in the upper braided reach. The main channel has a broadly sinuous outline,

dividing around a series of complex, compound bars. Expansive bar platform units are prevalent,
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but frequently are dissected by smaller channel features. Over the past forty years bars have

exhibited considerable lateral and down-valley shifting

The next 4km of the valley are notably wider (about 1400m) and the number of channels
reduced, as the major flow filament alternates between one or two major channels. This wandering
gravel-bed channel planform reach is transitional between the braided and meandering sections.
Although the river remains laterally unstable, with island formation and destruction, channel
changes are less pronounced than in upstream sections, and the floodplain is better-developed and
more extensive. Active bar platform areas are less pronounced than up-valley, and the preferred
channel shifts laterally (i.e. wanders). Over the past 40 years, the bend opposite the Ashlu River
confluence has retreated by 550m, and the lower 1km of the Ashlu River has adjusted its position

upon its shallow fan (Sichingabula, 1986).

Downstream of the Ashlu confluence, the orientation of the Squamish Valley changes from
NNW to NW. The next 6km of the valley, termed the upper meandering reach, has a mean width
of 2000m. This predominantly single channeled reach has a sinuosity of almost 1.5, and
contemporary bar platforms are found solely on the convex banks of meander bends. The river
flows along the western edge of the valley, and some meanders are confined as they impinge
against the bedrock valley wall. Major channel changes over the last 40 years have been phasic
lateral and downstream migration of meander bends (up to 200m and 250m respectively;
Sichingabula, 1986). A major abandoned channel on the eastern side of the valley, evidenced by its
outline and adjacent cedar stumps cut for indian canoes, suggest that the main Squamish flow
occurred down the opposite side of the valley in the relatively recent past. This channel extends
from opposite the present Ashlu confluence to the Pillchuck confluence (the end of the study reach).
Representative air photographs of the three planform reaches in the study area are presented in

Figure 3.4.

The 4km lower meandering reach, along with a 5km straight stretch of the river, occupy a
1500m wide section of the valley. A meander loop cut-off and concave bank benches on two
consecutive bends characterize this reach (Hickin, 1979). Over the past 90 years, meanders have
maintained their form while migrating down-valley (Stathers, 1958; Sichingabula, 1986). The
higher flood discharges of the early 1980’°s brought about bend collapse in one instance, resulting

for 75m of erosion of the next bend during the October 1984 (Hickin and Sichingabula, 1988). The
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FIGURE 3.4 : REPRESENTATIVE AIR PHOTOGRAPHS OF THE THREE
RIVER CHANNEL PLANFORM STUDY REACHES (flow from
right to 1left)

B) Wandering gravel bed river reach : Note 1-2 active channels,
sinuous outline, and less prevalent bar platform areas than uo-vallev

C) Meandering reach : nNote single channel, sinuous outline, and restriction of



relatively straight channel section downstream is well entrenched in the flatter slopes. The valley
flat slope upstream of the Cheekye Fan deposits is about 0.001, indicating that downstream river
control has determined the character of the lower Squamish River, as the channel has been pushed

against the eastern valley wall.

For 3km beneath the Cheekye Fan, the Squamish Valley reaches its maximum width of
3000m. Overloading of the river by sediments supplied by the Cheakamus tributary (derived
largely from the Mount Garibaldi Volecanic Complex), results in a braided channel planform. The
eastern channel bank has been dyked in the lower 9km of the valley (where valley width is

2500m), confining flow to the western edge of the delta.

In summary, the valley fill of the Squamish River is largely an historical artifact, conditioned
by former glacial processes, base level changes and sediment supply events. During the Holocene,
the river has moved, sorted and redistributed glacially and slope-derived sediments within its
high-relief, confined valley. This, along with associated slope adjustments and the fluctuating
discharge regime, has resulted in a distinct down-valley gradation in channel planform style.
Contemporary processes merely rework a thin veneer of surficial floodplain and slope-marginal

deposits.

In the study reach, the valley flat gradient decreases gradually from 0.006 to 0.001
down-valley, while D values for the gravel population upon contemporary bars decrease in a
regular manner f'romgi?l excess of 500mm to about 100mm (Brierley, 1984). Sediments from the
Mount Cayley Volcanic Pile have overloaded the Squamish River, exerting upstream channel
control, whereas downstream control has been affected by adjustments to channel base level
brought about by sediments from Mount Garibaldi. Within the down-valley gradation from braided
to wandering to meandering channel planform style, the braided index gradually decreases,

whereas channel sinuosity gradually increases. Given this environmental setting, the Squamish

River differs from others in which facies models have been derived.
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CHAPTER IV
METHODS

4 :1:1 Methodology in fluvial sedimentology

Fluvial sedimentology is a field science. Questions about regional sediment history and
environments of deposition arise largely from observations made in the field. Problems are posed
for sedimentologists by the incomplete sedimentary record and the non-representative nature of
available exposures or cores. The best has to be made of what is available and an appropriate
sampling design applied rigorously to attain a balance between any unique/distinctive features and
summary knowledge of regional sedimentology. The almost infinite range and spatial association
of sedimentary types and depositional environments pose a second problem in field sampling.
Finally, the relative skill and experience of practitioners vary and, given the tendencies to either
focus on what one knows or seek out the new, it is often difficult to give an unbiased perspective on
the relative abundance or importance of particular features in any sedimentologic unit. The many
practical and conceptual problems faces in sedimentologic field work and the limited methodologic

consistency, suggest that fluvial sedimentology remains a science in its infancy.

4 : 1: 2 Outline of procedures adopted in the study

For this study, data were required which enabled the sedimentology of three contiguous
planform reaches of the Squamish River to be compared over a range of different spatial scales. A
specific sediment classification scheme was developed (section 4:2:1), and a three-scale approach

taken in field analysis (section 4:2:2), namely :

1. Digging series of holes (about 1.5m square) on, and adjacent to, contemporary bar platforms,
to examine facies-scale variability,

2. Trenching (up to 25m long) at bar/floodplain margins, to evaluate lateral facies variability
and define the element scale, and

3. Analysis of bank exposures (up to 220m in length) to examine established/developed

floodplain sequences at the facies and element scale.

These are referred to as the 1985, 1986 and 1987 sampling procedures respectively.
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4 : 2 : 1 Variables to be measured in the field

In field sampling, a compromise must be made between collecting either a small number of
high-quality samples or a much larger number of less detailed samples. In this study, emphasis
was placed upon the latter approach, as the general nature of planform sedimentology was
considered to be a more likely basis of differentiation than any specific micro-scale depositional

characteristic.

As described earlier, there are almost as many approaches to sediment analysis as there are
sedimentologists. Preliminary field studies indicated that existing facies schemes were
unsatisfactory for this study, as they overemphasize primary sedimentary structures while
neglecting bedding aspects. Hence a specific facies coding scheme, incorporating particle size,
bedding type and primary sedimentary structures, was developed and adapted as the study

progressed (Table 4.1).

Emphasis in facies coding was placed upon particle size in the first instance, and this forms
the group classification (first initial, F, S, G, representing fines, sands and gravels respectively).
In instances where deposits were dominated by organic materials, the facies code O was used.
Secondly, sedimentary structures were assessed. If no primary sedimentary structures were
apparent, emphasis was placed upon bedding character. Facies Fm represents massive or poorly
laminated fine sands. Facies Sw represents wavy bedded sands. These are generally fine grained
in texture, and the beds typically are non-parallel and discontinuous. Coarser sand units with no
visible evidence of structure or notable bedding planes are referred to as facies Ss (massive sands).
As this study was limited to analysis of sand and finer deposits, gravel facies were divided simply

into matrix- and clast-supported units {facies Gm and G respectively).

Beds characterized by structural units were divided into four types. Ripple units of all types
were coded as facies Sr. Structural units in coarser sands fall into three categories. Horizontal
lamination reflecting plane bed conditions are referred to as facies Sh. Trough and planar
cross-bedded units, resulting from migrating sand dunes and sand waves respectively, were

designated facies codes St and Sp.

To analyse sediment texture, the geometric system of Wentworth (1922), referred to as the

¢ classification (Krumbein, 1934), was used, as it condenses size groupings, yet retains meaningful
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differentiation between sizes. Internal trends in sediment texture within any particular bed, and
trends between beds, are important indicators of flow conditions and energy of deposition. Given
the vast number of sediment beds observed in the study, recourse was taken to field analysis of
texture using a particle size analysis card (Miall, 1984) and a hand lens. Visual estimates of
sorting were made in the field using a four value scheme (well, moderately well, moderately and

poorly).

To test the accuracy of this method, 28 samples were analysed both in the field and in the
laboratory, using a visual accumulation tube. Comparison of particle size parameters, derived
using procedures suggested by Folk and Ward (1957), showed that 22 estimates of mean particle
size were within one 0.5 ¢ class (of these, 20 card estimates were one 0.5¢ class too coarse). The
remaining six samples were accurate to within 1.5¢. Estimated and actual sorting values also
showed good agreement. Well sorted samples had a sorting value of 0.5¢, moderately well 0.75¢,
moderately 1.0¢ and poorly sorted samples gave too wide a spread for reliable estimates to be
made. These sorting values accord very closely with those suggested by Folk and Ward (1957).
Particle sizes for the gravel fraction were recorded by direct field measurement of b axes. These
and other sedimentologic variables measured in the field are summarized for each sampling style in

Table 4.2.

4 ; 2 : 2 Specifics of the sampling procedure

The primary goal in selecting sample sites was to attain as much consistency as possible
given the extremely wide range of depositional environments encountered, as only then could data
from differing sites be meaningfully compared. Aerial photographs enabled prospective sample
locations to be evaluated prior to field study. For logistical reasons, sampling was restricted to the
zone adjacent to the main channel. This had numerous advantages. As contemporary deposits and
depositional environments were observed consistently in each planform reach, the relationship
between known depositional environments and their deposits could be evaluated, site accessibility
along the river was unrestricted, there was less vegetation to hinder digging holes/trenches, and

bank erosion had exposed floodplain sediment sequences.

In the 1985 data set, holes were dug in sections upon contemporary bar surfaces,

perpendicular to the main channel. Given the observed variability in depositional environment,
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TABLE 4.2 SEDIMENT VARIABLES MEASURED IN THE FIELD

Variable Sampling style

1985 Hole data set
Facies type See Table 4.1
Bed thickness Recorded from surface in cm
Element type n/a

Internal character Sp - tilt and orientation

Gm - Bmax
Basal surface n/a
Particle size 0.5@ interval using P.S. card
Sorting Visually estimated
Sediment mix Uniform vs upward fining
vs upward coarsening vs
internaily graded
Organics n/a
Color n/a

Paleocurrent direction n/a

1986 Trench data set
See Table 4.1

Recorded from surface in cm
See Table 4.7

Sw - parallel vs non-parallel
- even vs wavy vs curved
- continuous vs discontinuous
- thickness and Hiit
Sr - concordant vs discordant
- depth, length and amplitude

- symmetrical vs asymmetrical

- crest shape
Sp - tilt and orientation
St - concordant vs discordant
- width, depth and length
Gm/G - Bmax and matrix size

Sharp vs diffuse/graded
Flat vs tilted vs irregular

0.5@ interval using P.S. card
Visually estimated

Cohesive vs loose

Uniform vs heterogenous vs
rhythmical vs internally graded
vs upward fining vs upward
coarsening

Presence and abundance of
rootlets, roots, logs, mats and
litter layers

Dark/Light brown - note banding

Recorded whenever possible

46

1987 Bank exposure data set

See Table 4.1

Recorded from surface in cm
See Table 4.7

Sr - depth and length

Sp - tilt and orientation

St - width and depth
Gm/G - Bmax

Sharp vs diffuse/graded
Flat vs tilted vs irreguiar

0.5@ interval using P.S. card
Visually estimated

Cohesive vs loose

Uniform vs heterogenous vs
rhythmical vs internally graded
vs upward fining vs upward
coarsaning

Note presence

Dark brown scale 1 to 5
Light brown
Pink/Grey or other

n/a



this sampling procedure aimed to assess the types of sediment unit, and the manner of their
association, in each specific field location. Specific procedural steps, and an example of a field data

coding sheet, are presented in Tables 4.3 and 4.4 respectively.

Site selection for the 1985 data set was conditioned by three major considerations, namely :

1. site availability,
2. distances between sites, and
3. consistency/representativeness of site.

The extensive active channel zone and large number of contemporary bar platforms in the braided
reach presented few problems in site selection. Site availability decreased downstream as the
proportion of established floodplain increases. Indeed, sites in the meandering reach were
restricted to lateral and point bars associated with the pattern of bends. In total 10 bars were
sampled, three in both braided and wandering planform reaches and four in the meandering reach.
Given these limitations, downstream site separations are remarkably consistent, averaging 1.8,

1.9 and 1.5km within each planform reach respectively, and 2.0km over the entire study reach.

Since site consistency between a large, compound mid-channel braid bar and a
well-developed point bar on the convex bank of a river bend is impossible, sites were selected which
appeared to be characteristic of the local river reach. Holes were dug in systematic manner within
each micro-environmental unit of every bar, ensuring that undue focus was not placed upon
anomalous depositional environments. Hence, while knowledge of individual features was

obtained, emphasis was placed upon assessing the overall sedimentologic pattern.

Diagrammatic representations of the section holes in the 1985 data set, showed lateral facies
trends to be highly discontinuous (Chapter 6). To examine this variability further, several trenches
were dug and analysed at the margins of contemporary bars and the established floodplain (1986
data collection). Geomorphologically derived, broader scale sediment units, termed elements, were
analysed within each trench (Table 4.5). Specific procedural steps and an example of a field data
coding sheet are presented in Tables 4.6 and 4.7 respectively. Given the large amount of digging
involved in trenching, convenient locations were selected. An attempt was made to select

representative bars; a compound mid-channel bar was sampled in the braided reach, two complex
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mid-channel units were sampled in the wandering reach, and a lateral bar and point bar were

sampled in the meandering reach.

Evidence from the 1985 and 1986 data sets showed that elements provide a more fruitful
methods for examining the sedimentology of river depositional environments. To examine these
features in longitudinal section, assessing their variability by channel planform, the final phase of
field research focussed upon floodplain sections in channel banks. Bank exposures were cleaned
up, and contemporary bench deposits removed. Length and spacing of sections were conditioned by
availability and downstream continuity of each unit. The sampling procedure and an example of a

field coding sheet are presented in Tables 4.8 and 4.9 respectively.

Exposures‘in the braided reach were found either along secondary channels or at the
margins of bar platforms. Sites in the wandering and meandering reaches were either exposed by
lateral erosion at concave banks of bends or were constructive deposits at bar platform margins.
Spacing of 1987 sites gradually increased downstream, averaging 1.0, 1.6 and 1.9km respectively
for the three planform reaches, and 1.6km overall. Analysis of these exposures at both facies and
elemental scales enabled comparison to be made between planforms at both these scales, and also
in terms of facies composition of elements. A summary of sampling site position, character and the
number of samples collected for all three procedures is presented in Table 4.10. Sample sites are

located upon Figure 4.1.

4 : 3 Summary of data collection techniques

In analysing the sedimentology of three contiguous planform reaches of the Squamish River,
the first priority was to apply selected site selection and field procedures as consistently as
possible. Data collected do not do not represent a complete floodplain inventory; rather, they focus
upon within-channel bars, islands and proximal floodplain deposits. Emphasis was placed upon the
sand and fines fraction in this distinctly gravel-bed, high energy river depositional environment.
Data on channel character, bar morphology and local setting were assessed from recent (1980)

1:5000 scale air photographs.

In the 1985 data set, 293 holes were examined upon ten contemporary bars, with 76, 98 and

119 holes in the braided, wandering and meandering reaches respectively. Nine trenches were dug

51



wuwioy xewg ] 856<
e/u ebuexy 19y e/u By Z 6L} S 966-SrS
w/u Aein  jun e/u B/ 2 GL2 $S S¥S-£0§
e/u ebuexy  On w/u Beiy ‘esnppa 2 S22 5 €0S-E8P
sejeujwe ouj) A 071,
0EE® 2-1 Lewng  B/U POIO  jjun v/u  Q.Zt 'dieyg - p> uy €er-c2c
192® |eoosey> wal (rma
0L2® 1-1 lrewng  B/U pejlioy  jlun e/u Beiy ‘esnpyg - > wy €2€-912
Jeoosey>  ®/u HoBlg  )un ®/u QoL ‘'dreys - > o viz-912
/v (2o 184 e/u  Anem ‘dieyg  Z gr°2 Mg glz-gel
wepiodsip gL1 1T D1 ¥=p ZL"M UsAe 'esNji§ € SL°2 IS 961-891
ey (2Ng  i8H ®/u Yo ‘esnpg T S2°€ ms 991-9¢€)
«SLL AP/ 1Y v/u  uens ‘dieys € GZ'¢ mS BEL-0LL
w/u (e 1eH  €~p ‘t=m Aaem ‘dieygs € 612 Is  0Li-08
{eooney> w/u OBl  JuUn ®/u Bessy 2z QL€ O 06-¢(8
enotue)  e/u {eg 194  €=p ‘Ol=m Aaem ‘dreys € G2 ] 18-SL
w/u (2o ey ®/u Q.0L ‘esng Z SZ°C Mg GL-29
feosseyo /U ebuexy pun e/u Beiy - (23 [o) 29-09
wu  (ehg  nun w/u  Anem ‘dreys 2 g€ wy  08-88
{eoorey> w/u  (ghig  nun oy Boenyy -y O 99-s§
e/u (eEMQ  18H €=p ‘OL=m Aaem ‘dieys € S22 18 §5-0

Xiyy  iejaeieys .
SUGWWOD MO|J  10]0)  'Peg feuseju; edepuns [eseqg S 'S'd vepey ydeq

sjeaeiB yiomewwry 856«
spues wioje|d jeg  9SS-EBY
yun NuUEQIeAD JeIsI] EBY-BIZ
801042 pooyy a12-0 uojives jo pue weensdn = |#
: UO{I[STOWI0T [ejusweTy : US> U UONTSod

‘sigjeue o1 10pd o peree|d oq of pey puk ‘smoy} pojj Aq peaowes 9| syl

- smoj) eBieyosip eBeis semoy wol) einsodxe yueq ey of Juesejpe perejnwndoe sBY

sivewpes Aieiodweiuod 10 youeq ebey y ‘pue weensumop eyl 1e doje peysem sog

Auew yym ‘eajsusixe A1eA 8 uopdes ‘smoj) pooyj Bupoejiel suonenpun Auew sey
eoepng “doje seer (peBBoy) eBrey yym ‘sysodep umidpooy) peysiiqerse-jiem ut Bng  : TSTSETEYS TEI0|
1eq wiod reqbig eysoddo yueq eArou02 uj T TBEIT] yewng : SWPT UOOYS

J33HS viva 1861 40 ITdWVYX3 : 6'v 318VL

‘uojieasie pue uoiysod yioq 10} seys eidwes Aeaing (L

“juewe e yoee jo JeeIeyd pue ANuUuod
reuipnyBuoy ey Bupou ‘einsodxe Hueq eyy u) UoIE0) ejdwes 1eyio Yaee 10} sishieue Addeey (0

6’y e1qe) ‘ejdwexe ees) jjod sjshjeve
yoee @ sisArue eyl e1eidIod pUR Juewete yowe UlYYM SHUN sejoelspeq jenpiapul Apuep (g

*J0108IRYD pUB SSOUNIIY)
ney) equosep pue {G'y e|qel) slueweje oju] ecuenbes Juewpes [eojLiea eyl epiap pue jerdiejy (¥

‘uojieso| eydwes eyl 1 edeuns ujeidpoo)) eyy wol} umop ede) el (€

‘WwOE-0L ueemieq Ajeieued s

Inq ‘syuewsie jo Aynuoo Aeyea-umop pue suoppucd piey) uodn spuedep Bujoeds iod sisAreuy
-Aresseceu ueym sdeis Bujsn “ueq eyl no Bip 10 J)o uBG ‘|rAIG)U) Uojdes-umop reinBes v ty (2

WOEOL< JUBiXe WEeISUMOP ¥ yiM eingsodxe NuRq PoquAISipun Ue es(] "pie|} 8y} uj vooes eyeoo] (1

3UNA3O0Ud ONITdWVS 1861 d31S-AG-d3LS * 8y 37GVL

52



‘sHun

eBwsoie Lwsodwe) s Bupow ‘spuers) vo
uotysodepuoisole yonyw “weidpooy sepjo
Bupose ‘euueys vEw jo Buys jeieiey

J8Q jO JUSWYOEPE HURG pus UCHEZINGEIS

"UolIeWIO} puels)
Jeq [SUURYD-pIW Yum ‘Bujuepim jsuuey)

u. e pep

Aieapoe Buieg
L i P10 0) peyony
BARY YIUM sIeq Meu JO Jusiudoersp
pue Wmdpooy Bupsixe Jo vorestq

S
Ll o

(2.) siweh op 1521 ey) Jor0 seBusyd puuwyy

sjouvey
oinyo pejueyo Airuodep Buowe Bnp youes)

‘$8IN)PS) OfEME puUR
oBp11 Buowse (sieed 022 uopeieBea) ueidpooy
poysiaeise v ebpy Iy 0) Jueoeipe Bnp youer)

‘uopIRue|i0
1ouUURYd BUIKYS Yum JeqQ xejdwod [eUurYI-PIE

‘pueq 10 uopoes
0AROU0D U} Hurq SAISey0d Kiea 1) emeodn3

¥ g liep weuwosd jo yueq uj

'8100Yys puEe JUeU|WOId UM SOINYI PejUs|I0

euoBep Suows uondes seqPiw v dx3

‘suopenwnaoe Boy ebiw pue semsodxe
joawi8 oBim ‘vonmvepo Builiea jo & y;
ruosess Austs YNm 108G POYORLE-NURG X&IW0D

‘leuvunyd Asepuodes jo yueq ¥

‘peey 18 wsoperd seq jueujwosrd yum
siun Ausw ol pervessp ‘1eq [euodmp xeidwo)

a

® Yo Asep i0 o Aiesoier vt

fsuueyo Asepuooes Jo wueq Uj
‘sised 02 2 vonwiebea 'seq-piw je Bnp youeil

‘peey v wiopeid (saesB oliu| ‘sebe Jusiepp
jo syun Auew yxm ‘einjesf punodurod ‘xeydwo)

101981840 UOJIOG /IsjovIBRYD puw eodA) Jeg

921 £
wmw "
w "w
991 7}
”w [ 1]
wh ]
(1]} 06
L w
"0 LT
032 ol
s6q 050

(€. ww w
‘sixe q) eze

oojed (oAmID

001}

0szi

0sel

0ss

oSt

0osz1

009

0s01

009

(t.)
Wy
yipim
LU

ozl

st

oot

$91

09}

114

1113

s

(.)
wy
uipim
ovvep

(1.}
sjeuveyd
Jo

9€-S€ cor
[ o1y
or 1'EY
ey-2y yoy
(1] S'SY
ar-Ly yor
s LX)
19 zey
£9 [
(v.)

(1) ysiwenbg
w Wy woJy

19100 JSQUAN UonEASY WY ieAY

SOILSIHILOVHYHYHO 3LIS ITdWVS : Oy 316Vl

uopioes Wyl vl sived @

youen wiz v sjod oL

suojioes ¢ ) seoy OF

vojpoes wezt v sivod £

voyioes wgel W sivod £

vooes wegl W siwod g

suojioes g U) 60y Z¢

vopoes well W sivod ¢

suopOes § Uf sej0y /i

vojioes wgg W swiod g

uojioes WOl W eiod ¢

youen wiz v syuwod L}

Uoves 9 U) 880y /2

uewe) seidweg

L1961t

9961

$661

HSVdn Oupepuem

1861ONVM3OW  Bupepuem

1864

L9681

so6l

L1961

se6l

18614

L8681

9961

1401}

ejdures

o
odA)

1visa

uvalivis

1visdn

dNOvod

GNIavHR

svea

dvasve

swwey seg

pepieig

pepie.ig

pepieig

pepieig

pepieig

pepieig

pepieig

wiojuery



-8Bpys 131y uo Boy eBsey 01 Jusoefpe
ujejdpooj} peysiiqeise jo wbiew e Bnp youes)

‘wbsew upeidpooy;
1v ofipu v Bnp yoveil ‘Jeq peyoens wueg
‘Jeq Jeieley O Weessdn yueq OASOYOD Kioa ut

'PUSQ |0 PUS WEBIISUMOP 1¥ () [SUURYD PO U|

‘(ve61-Lr61 VeOMIOq W ¢OI X §8<)
1€} 1@ uoNsOdep puR PREY 1 UOISON jenbe ‘peey e wef Boy ebiv) “uojednaooe)
Aubnos yym “Jeq jo uonwib q ¥ yo o) eucd Aiea ‘seq punodwoojevobeiq

‘jeuueyd Aiepucoes jo wueq Ui

‘wbrew wmdpooy
1® oBpy weupwoid s Ut Bnp yoves)

‘doje sjeeys pues euword yym sebpy Buowe
{mwek 0Z2) uojieieBea peysiiqeise U 6np youes)

‘JeuuRyd VEW e\p o) Juessipe

sebpy Buowe ‘wiBiew Jeq vieisee 1w Bnp Youes]

‘80761 Asve ) peyoene

wueq SWEOSq J¥G YEGL U1 ZW HOL X EL <
01 0961 W W ¢O} X ¥'L WO pepundx3y
‘spnyuBuw o Jepso ue Aq exis Ut Buswesou; ‘uolRdno00e) |PUURYY
‘Iy8L SOUIS pUEIN lews Wol) pedojersq o1 evosd Aiea Jeq punodwod peyseie-weg

meuuns Buowe yun prey Jeq 1 Bnp youes)

(z.) siwek Op 19w} oY) J0A0 w ¥ T} 4o UoNdey / 4> pue edhy svg

20l 9
] 0s
L /.T] L /)
L w
ori 65
(1]} $9
€24 S
560 o0sa

(e, 'ww w
'sixe q) ezs

epojued jeamiD

0502

00€2

1174}

osel

0s91

(1.)
wu
nwpim
Aoyen

os

se

091

091

St

(v.)
wu
upim
revunp

‘

(1)

sevuryd
10

62-92 e
[\]> Lve
oc €9¢

1€-0¢ $°9€

SE-vE et

(1.)
(1.) yswenbg
["X"} woy

|W0]  JequnN UONEASIZ un JONY

G3NNILLNOD oL’y 378VL

youe)) wi| v siwod 9 9964

yoves wzl v siwod 6 9961

voves wosi U siwjod 2L 2961

uojides wooZ W siviod ¥ 2861

SUOIID08 L1 W sel0Y VE G981

uojioes woZlL W siod 9 2861

youen wegZ W mod 8 9861

youen wg| u sjuod 2 9861

yovesn wgy w wivod 8 9961

youen wgy w siwod £ 9861

suoroes Z| U seioy yE  S861

ojdwes
jo
yoyn seydueg  odi)

Hov3a Bunepueeyy

dNdnvd Buprepueepy

dOTIvd Ounepuem

HvgTivd Oupepuem

AINTV4L Bupepuem

oswey Jeg wjojue|yg



(rg6L-2yeL Ueemieq sw 0L X 58<)
O SOdepP/UOISOIe O SeIRs [enbe yyM
‘pusq jo uone P pout D

(r961-Lr81 veemieq
W g0l X 05<) uomsodep/uojsole JO sejel
|enbe yym ‘pueq )0 uoYEUE) WEENSUMO]

‘¥961-L¥8L Uesmiaq peppe FW o0l
X 0GZ< PUR POPOI® W 0L X 0OV < YWm
‘VONMIBIW WERENSUMOP PUB JRISIY POUPUOINN)

‘POPPE FW 0L X OFE<
pue pepcse elem W g0l X OSK< YEGI-L¥SE
ieg “uojsose ¥ Ausuwoped

{2.) siwed 0y 139 oyl 2000 sebusyD (SUURYD

‘req jwod jo peey Jv einsodxe u|

‘wOsew uperdpoor
18 senue) sjems pus o0pj) omy y Bnp youery

‘woly = oy ‘uesexd wened sjems

o8y ‘wioped pedoteaep Aiood vy Bupinse:
‘Bupip Aq peujmiisucd Anuese: ‘seq wod

‘Woly = o ‘weyed ejems/ebpy Jusujwold

‘wioperd Uo s8j0y Jn0os AuRpy PUSQ PSLENSUOD

P0Neq jO pue v suq [Rew)

“sopusew

of1u) O UOJOES ARIUCD U NURG SAISEYOD AleA 1

WGIE = oY "eInya Joeiu pur pusq punoe
seBurys U Yum ieq ywod eliey Lep
“Juq Jod jo peey 1w sinsodxe

‘oinyd 1ofew
W uexe) seidwes Auspy w9y = oY ‘wioperd
19a®10 ‘pejossup Apavey ‘ebse| yym smq ujod

J010018 YD UOJe] /10)00iRYyd pue edA) Jeg

(21 ¥$ 0§91 0e '
ow w  o0ll (14} 1
"w w o 0sLl SEL 2z
1] & 0002 ozt 2z
(24 "
% o 0022 (14} 2
()
s80 050 (1.} wou ()
(6. ‘ww u Ww YIpiM seuuryd
'siXE Q) 6z18  yIpIM  jeuuTp 10
opojued |sami) Aeyep 1Moy 1equnpN

G3NNILNOD Ot'¥ 3T1avl

sz-22

vZ-e2

sz

92Z-s2

82-22

{9g61) ®ng:

L'ie

| 1>

L'EE

(1.)

(1.,) uswendbg

wosj

uofizAe] Wy JeAlY

{vee1) Asporg

woyy wieq

YNNG wolj p

4o teuveyd

ausow ojoyd 1e 000§ 0864 Woy ereq

youen wz w swied 2 2964
youen wez uj sived g4 gget
suonoes o W seloy 12 5861
UoNoes g Y seoy 22 S961L
uotoes WG| V) Isoy 8 L9861
SUONIOS y| W SO0y 2y SB6)
vofioes wWeSL W sivlod 01 2961
SUOID0S g Ul S04 B2 G864
ojdwes

jo

uewe) seidueg  edAy

ONIITRd Bupepuweyy

Ndn Bupsepureyy

1HVNNG Bunepureyy

HVEDE Supepureyy

dNvDQ Supepueeyy

owwy Jeg

wiojued



RIVIE ONIBIONYIW

NIV OrNVIe

S$31IS 3TdNVYS L861L

SNOILYOOT 31IS 3TdNVYS

HIVIE DI IONY IV

‘ YO NIV PR

HIVIN ONIBIONYM

HIVIY NOANYD /,
3

S311S 3TdNVS 9861

HIVIN OMEIONVIW

HIVIE ONINIONYA

MIVIROI0IVES

HOVIENOANYD //

S31I1S 3TdNVS S861

L'y 3HNOIL

56



at the bar/floodplain margin for the 1985 data set (1 in the braided reach, 5 in the wandering
reach, and 3 in the meandering reach). Thirteen established floodplain sections were analysed for

the 1987 data set, with 5, 4 and 4 sections in the three downstream reaches respectively.
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PART B
ANALYSIS OF CONTEMPORARY BAR DEPOSITS
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CHAPTER V
ANALYSIS OF THE OVERALL AND CHANNEL PLANFORM DATA SETS

5 : 1 Introduction

The make-up of contemporary bar deposits in the three planform reaches (1985 data set) is
analysed in Part B of the thesis. Internal organization of facies types and summary statistical
analyses of the overall and planform data sets are completed in Chapter 5, Chapter 6 examines
between- and within-bar sedimentologic variability, and Chapter 7 describes an alternative scale of

sedimentologic analysis (termed locales), based upon morphologic units defined in the field.

The many sedimentologic criteria used to differentiate between river channel planform
deposits can be divided into four components : particle size characteristics, facies characteristics,
the nature of channel fills, and a variety of distinct morphologic sedimentary units (such as levees,
scroll bars, and channel belt geometry; see Table 2.7). The scales of observation adopted in this
study restrict analysis to particle size and facies type associations, ranging from one-dimensional

at-a-point holes to three-dimensional pictures of channel bar and floodplain sedimentology.

As the thesis focusses upon river channel planform sedimentology, depositional sequences
within each planform reach are assessed firstly in summary statistical terms, prior to examining
at-a-site variability. In section 5.2, Markov analysis describes internal facies organization within
holes at the channel planform scale for the 1985 data set. In subsequent sections, several
summary sedimentologic statistics are examined, both for the overall data set (section 5.3) and the

channel planform data (section 5.4).

5:2: 1 Markov Analysis of channel planform facies organization : Methods

Relations among facies types inventoried in the field were examined by the application of
Markov-chain based statistics. A first-order Markov process is a stochastic process in which the
state of the system at time t is influenced by or dependent on the state of the system at time t X
but not the previous history that led to the state at timet . Comparison of the observed upv%-ard
facies transitions in the vertical sequence of sediments wiItl}—llrandomly generated transitions can be

used to examine the strength of association between facies types. These can be used subsequently
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to derive a pathway of facies associations - a facies model.

Despite much methodologic controversy in derivation of the randomly generated matrix,
Markov analysis remains a consistently applied tool in facies model derivation (note changes in
Walker, 1979, 1984; Harper, 1984). The method outlined by Walker (1979) follows that used by
Miall (1973) and derives random upward facies transitions in the manner :

r =n /n -n , where
ij +j ++ i

r
j

random upward facies transition,
n = row totals for facies i, j respectively, and
+1,+]

n = Grand total of facies transitions.
++

Hiscott (1981) questioned the applicability of this method due to the use of single row subscripts in
deriving the random matrix of upward facies transitions and suggested that column subscripts be
used (in accordance with Gingerich (1969) and Read (1969)) wherein :

r =n /n -n , where
jooj+  ++ i+

n = column totals for facies i, j respectively.
i+,j+

This is referred to herein as the G-R method.

Although an improvement on the previous method, structural zeroes in the observed data
matrix (Carr, 1982) along with the use of constrained row, but not column, totals violates the
assumption of independence and hence the technique does not truly test for randomness. Powers
and Easterling (1982) consequently proposed a 'quasi-independent’ model based upon an iterative

procedure which equalizes row and column effects :

r =a b, where
i 1]
(D (I-1)
a =n /Z b ,i=1,2,....m
i i+ j=ij
(D @O
b =n /Z a ,j=1,2,....m
i +j i#j i

which is the I'th iteration in which there is less that 1% difference from the (I-1)th iteration (m is
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the number of facies states). This is referred to herein as the P-E iterative method.

In general, Markov analysis has been used in analysis of cyclothems (e.g. Allen, 1970; Mack
and James, 1986), but in this case facies transitions were analysed upwards from framework
gravels to the contemporary bar surface, without a return to gravels. Hence, facies G was omitted
in Markov analysis of internal facies organization (thereby giving a 9 by 9 facies transition
matrix). Upward facies transitions from one facies type to another unit of the same type were not
included in the analysis. Six of the holes from the 1985 data set dug on Uppil were not
incorporated in the analysis, as they were not dug within the contemporary (last 30 years) bar

surface (see Figure 6.9).

5: 2 : 2 Results of Markov Analysis

Results and Markov statistical analysis for the overall data set (all ten bars) are presented in
Table 5.1. As no statistically viable procedure can be used to derive significant facies associations
from the G-R observed-random transition matrix, arbitrary cut-offs are applied. In other studies
the selected cut-off varies, as each researcher biases the data to best suit their needs. For
example, Fraser (1982), Johnson (1984) and Andrews-Speed (1986) selected values of 0.02, 0.04

and 0.05 respectively.

In the data shown in Table 5.1, only 4 transitions have values equal to or greater than
+0.10. If a cut-off value of +0.05 is selected, however, there are 10 transitions including all facies
types. Hence this value was adopted and the 10 transitions were combined into a facies model
(Figure 5.1). Although facies G was not included in the Markov analysis, it clearly must form the
starting point for sedimentologic sequences for this data set. Hence facies G has been included in
the model, showing upward facies transitions to facies Sp and Ss, which make up 25% and 21% of

transitions respectively.

Examination of the observed upward facies transition matrix in Table 5.1A shows the
dominance of facies Sw and Sr, whereas facies Gm and Sh were seldom noted. Subtracting the
column from the row totals for each facies gives two positive totals, for facies Ss and Sp. These are
the facies types found at the base of the sediment sequence. Conversely, the high negative values

for facies Sr and Sw indicate that these facies commonly are found close to the contemporary bar
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FIGURES5.t OVERALL AND PLANFORM FACIES MODELS

FIGURE 5.1A: OVERALL FACIES MODEL
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FIGURE 5.1D: MEANDERING FACIES MODEL
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surface.

These observations are borne out in the facies model for the overall data set (Figure 5.1).
Many alternative sediment sequences are predicted upward from the framework gravels (facies G).
In general these pathways represent combinations of within-channel facies above the gravels, with
overbank facies (Sr, Sw, Fm and O) atop. These sequences can be summarized as :

G - Ss - Fm/Sr

G - Sp - Sr/Fm
Sh - Sp - Sr/Fm
St - Sr/Fm

Gm - Sw - Sr/Fm
Gm - Sw/O

These trends all reflect up sequence reduction in energy of deposition.

Predicted pathways such as these are typical outputs from Markov-derived facies models.
Using the P-E iterative method, 10 upward facies transitions are found to be statistically
significant (Table 5.1F, Table 5.2). Four of these transitions are different from those predicted in
the G-R overall model. Of the significant facies transitions, many are non-continuous and
pathways of facies transitions cannot be inferred. For example, the most frequently occuring
facies, Sw, is only considered transitional to facies O. Most statistically significant transitions are
predicted for facies types that seldom occur (as suggested by Harper, 1984). This can be accounted
for by a deficiency in assessing significance. For example, if the expected frequency is less than
0.3, whereas the observed occurrence is 2, a significant x 2 value (9.63) is attained. However, if
the expected frequency is 40, and occurrence is 50, the x ? value is 2.00 and not significant. Given
these deficiencies it is not possible to create a meaningful facies model for the overall data set using

statistically significant relationships from the P-E iterative method.

In order to test the planform variability of facies models, procedures identical to those
outlined above (in Table 5.1) were applied to each of the planform data sets. The smallest data set,
for the braided planform, had 343 transitions. Predicted upward facies transitions are shown in

Table 5.2. These are presented as planform facies models in Figure 5.1.

Row - column totals for each planform data set indicate subtle changes in the internal

organization of facies types by planform. In the braided reach there is no readily definable basal
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TABLE 5.2 :

Overall

Fm - Sr
(Fm - Ss)

O-Sw (")

Sw-0 (")
Sw - Sr
Sr-Fm ()

Ss-Fm (")

Sh - Sp ()
Sp - Sr

(Sp - Sh)
(Sp - SY)

(Sp - Gm)
St - Sr (")

Gm - Sw

Fm - Sr

(Fm - Ss)

O - Sw(*)

Braided

Fm - Sw
O-Sw("

Sw-0

Sw- Sr
Sr-Fm

Sr - Sh (")
Ss - Fm (")

Sh - Sw
Sp - Sr

Sp - St (")
Sp - Gm ()

St-0 (%
St-Sr

Gm - Sw
Gm - Sr

Gm - St

Wandering

Fm-Ss ()
Fm - Sw

O-Sw(")

'Sw- oM

Sr-Fm (“)
(Sr - St)
Ss - Fm (%)
(Ss - Sh)
Sh-0

Sh - Sp (%)
Sp - Sr

St-Sr

St-Sp ()

Gm - Sh

Gm - Sp

UPWARD FACIES TRANSITIONS USED IN MODEL DERIVATION

Meandering

Fm-Sr

O-8w ("
0-Sp ()
Sw-0("
Sw - Sr
Sr - Fm(*)
Sr - Sw

Ss - Sw
Ss - Sr

Sh - Sp ()
Sp - Sr
Sp - Sh ()

(Sp - Gm)

St- Sr
(St - Ss)

Gm - Sw

Gm - St ()

Transition with observed - random values greater than 0.05

using the G - R method

Transition with statistically signiticant observed - random
values predicted using the P - E method not predicted

using the G - R method

Transition predicted by both the G - R and P - E methods



facies, whereas facies Ss and facies Ss/Sp have positive row - column totals for the wandering and
meandering reaches respectively. Conversely negative totals (indicating that facies are found
commonly at the bar surface) are found for facies Sr/Sw in the braided reach, facies Sr in the

wandering reach, and facies Fm/Sr/Sw in the meandering reach.

This subtle variability of facies positioning within depositional sequences is shown clearly in
the facies models (Figure 5.1). The initial upward facies transition from facies G varies from facies
Ss and Sp in the braided reach, to facies Ss in the wandering reach, and facies Sp and St in the
meandering reach. Beyond this point there are many different internal pathways of facies
associations predicted for each planform type. Variation is apparent in the organization of
within-channel facies but in gener = as with the overall facies model, combinations of these facies

are transitional upwards to different cycles of overbank deposits.

Of the 29 different one-step upward facies transitions predicted in the three planform models
using the G-R method, only 11 are found in either two or three of the planform types (Table 5.2).
Of these, only five are predicted for all planforms. Two-step facies associations, produced by

combining predicted one-step transitions, vary to an even greater degree for each planform type.

Statistically significant P-E transitions indicate that planform sedimentologic variability is
pronounced at the selected facies scale as only one transition (O-Sw) is predicted for all three
planform types. These transitions present an unclear picture of the internal organization of facies
and are biased once more to infrequently observed transitions, although in each case x 2 totals are

well beyond the 99.9 percentile of the x 2 distribution.

5: 2 : 3 The relevance of predicted planform facies models

To test the applicability of the G-R planform facies models, each one- and two-step facies
transition predicted for each planform type was compared with the absolute frequencies observed
for the other two planforms. Results for the one-step transitions (Table 5.3) show that in four
instances transitions predicted for one planform type were actually relatively more abundant in
another planform type! Indeed, transitions Ss-Sw and Ss-Sr, predicted for the meandering
planform, are actually more abundant in both the braided and wandering reaches. This effect is

even more pronounced in the two-step analysis (Table 5.4). In this case less than half of the
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sequences predicted for one planform type are found in the field, or occur with greater frequency

for other planforms.

Given these observations, it is concluded that the sedimentologic order associated with
planform variability, as suggested by the G-R method, is entirely misleading. Predicted facies
associations are not indicative of transitions likely to be observed in the field; rather, they are
statistical artifacts. This results from superimposing one-step transitions into two- and
further-step transitions which have little real world meaning. For example, while one-step facies
transitions from Sr-Fm and Fm-Sw are predicted for the braided planform, thereby indicating the
presence of the two step Sr-Fm-Sw transition, this two-step transition is never actually found in

the braided reach.

This, in part, accounts for the large number of facies models predicted for each planform
type. Several sequence types are statistically superimposed upon each other, averaging out real
pathways and producing meaningless synthesized sequences. Given this observation, channel
planform sedimentologic variability suggested by Markov-derived facies models of one-dimensional

data sets must be disregarded, and alternative sedimentologic summaries need to be considered.

5:3: 1 Summary statistical analysis of the overall data set

Summary statistical data for the 293 holes studied on the contemporary bar platforms of the
Squamish River study reach are presented in Table 5.5. Holes analysed are dominated by facies
Sw, Sr and Sp, which account for almost 70% of all sediment in roughly equal proportions. Of the
remainder, most abundant is facies St, with facies Fm, O, Ss, Sh and Gm combined taking up just

18%.

Facies abundance directly reflects the combined effects of bed thickness and number of
occurrences. In terms of the latter variable, facies Sw and Sr clearly predominate with almost 600
appearances apiece, whereas facies Sp is found roughly half as frequently, yet its average
thickness of 29¢cm is twice that of facies Sw and Sr. In contrast, facies Fm is found almost as
frequently as facies Sp, yet is about one-fifth its thickness on average. Facies O, Ss and St are
found with the same frequency in the overall data set (about 180), yet their percentage abundance

ranges widely, as these beds have average thicknesses of 2.6, 13.8 and 26.8cm respectively.
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TABLE 5.5 SUMMARY STATISTICAL ANALYSIS OF THE OVERALL 1985 DATA SET

facies type  Number of Facies %pr Average bed Upward facies transitions Mean particle Mgan sorting
occurrences  abundance (%) by holes thickness (cm) found in 220% of accurrences size (D units) value

Fm 273 5 51 6.0 Sr.31; Sw .29 < X] 22
(o} 173 34 28 Sw .62 30 23
Sw 598 21 87 1.7 Sr .29; Sw 23 29 24
Sr 23 73 14.0 Sr .33; Sw .26 28 24
Ss 184 7 43 13.8 Fm .30; Sw 26; Sr .24 23 24
sSh 68 4 17 211 oo spread 23 25
Sp 07 24 48 288 Sp .35; Sr .21 1.1 3.0
St 183 14 40 2838 Sr .31; Sw 22 1.3 3.1
Gm 24 1 7 170 Sw .33; Sr 21 -1.0 40
G 198 - 87 - Sp .27; S8 .20 - -

Number of holes 293 Overall mean particle sze 2.160 Upward particle size ratio 1 : 0.82

TABLE 5.8 : SUMMARY STATISTICAL ANALYSIS OF THE 1985 CHANNEL PLANFORM DATA

BRAIDED PLANFORM DATA SET

Facies typs  Number of Facies %Presence Average bed Upward facies transitions Mean particle Mean sorting
occurrences  abundance (%) by holes thickness (crm) found in 220% of occurrences size (D units) value
Fm 62 7 50 6.8 Sw .31; Sr 27 s 22
o] 13 1 13 35 Sw .92 i 25
Sw 96 2 59 13.2 Sr 28 3.0 25
Se 85 19 87 129 Sw .26; Sr .24 28 24
Ss 57 12 50 122 Fm 37;Sw .29 23 24
Sh 10 5 18 30.8 Sw .50; Sr .20; Ss .20 25 23
Sp 3 19 k14 272 Sp 28;Sr 23 07 a3
St 37 14 28 211 Sw .26; St 28 1.5 31
Gm 8 1 7 10.7 Sw .33; Sr .33 -1.0 40
G 68 - 87 . Sp 26; S8 22; Fm 20 - .

Number of holes 78 Overall mean particle sze 2219 Upward particle size ratio 1 : 0.88

WANDERING GRAVEL-BED RIVER PLANFORM DATA SET

Fm S8 3 53 42 Sw .35; Sr 25 38 23
(o} 8s 2 51 7 Sw .64; St 20 29 2.4
Sw 280 25 80 128 Sw 29; Sr 24 29 23
Sr 239 23 89 13.7 Sr.34; Sw 22 27 28
Ss 93 9 60 142 Fm 23; Sw 23; Sr .21 23 24
sSh 32 -] 21 214 Sh 27; Sp .24 23 28
Sp 129 25 56 28.0 8p .30; St .22 1.7 28
S 51 7 35 20.2 Sr.31; Sw 21 23 27
Gm 9 1 8 218 Sw .22; Sp .22 -1.0 4.0
G 54 - 55 . Se .35 . .
Number of hoies 398 Overall mean particle size 2.390 Upward particle size ratio 1 :0.88
MEANDERING PLANFORM DATA SET
Fm 113 5 49 73 St .39; Sw .23 38 22
o} 75 1 34 23 Sw .54 3.0 22
Sw 22 17 81 125 Sr .37:0 22 30 24
Sr 280 25 84 148 Sr .34; Sw 29 29 23
Ss M 3 25 152 St .41; Sw 28 22 21
Sh 28 3 13 17.0 St.29 2.1 2.3
Sp 139 26 48 30.1 Sp .42 0.7 30
S 95 19 48 326 Sr .32; Sw .23 1.0 3.2
Gm 9 1 7 18.2 Sw.44; St 22; S .22 -1.0 4.0
G 7 - 85 - Sp.33; St.32 - -
Number of holes 119 Overall mean particle sze 1.939 Upward particle size ratio 1 :0.75
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Finally, facies Sh and Gm are found considerably less frequently, although their average thickness
(about 20cm) indicates that they form a significant part of some sequences. Facies Sr and Sw are
found in roughly 70% of all holes, facies Fm and Sp in half the holes, facies St and Ss in roughly
40%, facies O in one-third, facies Sh in 17% and facies Gm in less than 10%. Two-thirds of the
holes had a framework gravel base, the remainder were either waterlogged or had an inpenetrable

log accumulation at depth.

Upward facies transitions counted for each hole were summarized in matrix form as shown
in the Markov analysis section. All 1985 holes were included in analysis and upward facies
transitions from one ’facies type to another unit of the same type were included in the percentage
relative frequency values. Only those transitions occuring =20% of the time are shown in Table
5.5. Facies Sw and/or Sr are the preferred upward facies in all instances except from framework
gravels. As transitions upwards from facies G are primarily to facies Sp and Ss, these can be
taken as basal facies which in turn are transitional upwards to lower energy facies (Sw, Sr and
Fm). Hence, particle size trends are upward-fining, and the upward particle size ratio (the ratio of
upward transitions between beds that go from a coarser to a finer unit to transitions that go from a

finer to a coarser unit) of 1 : 0.82 indicates that 55% of transitions fine upwards.

On average, facies Sp and St are medium sands, facies Sw, Sr, Ss and Sh are fine sands and
facies Fm and O are very fine sands. Facies Sp and St have bimodal 0.5¢ particle size
distributions, with modes at 2.0-2.5¢ and 2.5-3.0¢ respectively, and at the fine-gravels size class.
Over 50% of facies Sr are in the 2.5-3.0¢ class and 85% of the facies Sw are in the 2.5-3.5¢ range,
with the modal group in the finer half (i.e. in general, facies Sr units are 0.5¢ unit coarser than
facies Sw units). Modal groups for facies Ss and Sh are in the 2.5-3.0¢ class. Sorting values are
relatively consistent for facies Fm, O, Sw, Sr, Ss and Sh (between 2.0 and 2.5 units; i.e.

moderately well sorted) whereas facies Sp and St have values =3.0 (i.e. moderately sorted).

5: 3 : 2 Interpretation of the overall data set

Facies organization and the upward fining particle size trends upon contemporary bars of the
Squamish River reflect up-sequence reduction in energy of deposition. Bars are made-up of high
energy facies (Sp, St, St and Gm) and lower energy facies (Fm, O, Sw and Sr) in equal proportion.

Within-channel deposits, dominated by sand wave and dune structures, are transitional upwards to
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interbedded facies Sw and Sr units. The latter are flood cycle deposits, with facies Fm occasionally
preserved as the late, waning-stage deposit. The markedly different presence/absence percentages
demonstrated by the various facies indicate the highly variable nature of contemporary bar
surfaces. Medium-fine sands are dominant, in stark contrast to the coarse basal gravels. Bulk
sieve samples, along with other assessments of total particle size characteristics (Brierley, 1984)

confirmed the bimodal nature of size distributions, the size gap occuring in the coarse sand fraction.

5:4: 1 Statistical summary of 1985 channel planform data

Summary statistical data on facies and particle size characteristics at the channel planform
scale are presented in Table 5.6. Facies abundance varies remarkably little between the three
planform styles, according closely with the overall data set. Holes in all planforms are dominated
by facies Sw, Sr, Sp and St, occupying >75% of combined holes. The lower proportion of facies Ss

in the meandering planform is made up by the higher proportions of facies Sp and St.

Similarly, bed thicknesses are roughly equivalent for each planform, although facies Sh units
are thinner downstream, whereas facies St and Gm units thicken downstream. Facies Sr is the
most prevalent facies in all three planform types, with facies Sw almost as common (occuring in
=60% of all holes). Facies Fm, St, Sh and Gm are found consistently in 50, 40, 15 and 7% of holes
respectively. However, the presence/absence of facies O and Ss varies notably by planform.

Facies O is found in > 50% of wandering planform holes, but < 15% of braided planform holes.
Facies Ss is found in 60% of wandering planform holes, but only 25% of meandering planform

holes.

Upward facies transitions occuring in =20% of instances are remarkably similar for each
planform for all facies except facies G. Facies Sw or Sr are the preferred next-state in virtually all
instances. Upward transitions from facies G are to facies Fm, Ss and Sp in the braided planform,

facies Ss in the wandering planform, and facies Sp and St in the meandering planform.

Average particle size and sorting values are notably consistent for all facies, and only for
facies Sp and St are deviations from the overall data set pronounced. Facies Sp is 0.5¢ finer than
the overall data in the wandering planform and 0.5¢ coarser in the braided and meandering

reaches. A similar trend is observed for facies St, which is 1.0¢ finer in the wandering data set.
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Trends observed in the overall data set for 0.5¢ modal particle size groups by facies show
very little variability by planform. The modal group for facies Sr is the 2.5-3.0¢ size class
throughout, whereas the dominant size class for facies Sw is 3.0-3.5¢ in the braided and
meandering planforms, and equally divided between the 3.0-3.5¢ and 2.5-3.0¢ classes in the
wandering reach. In a similar manner, on average facies O and Ss are 0.5¢ class coarser in the
wandering reach than elsewhere (2.5-3.0¢ and 2.0-2.5 ¢ respectively). Modal size groups for facies
Sh and Sp are 2.5-3.0¢ and 2.0-2.5¢ for each planform type, but facies St is 0.5¢ class coarser in
the meandering reach (2.0-2.5¢). The proportion of gravels within these high energy facies units is
quite variable, with notably high percentages for facies Sp in the braided reach and facies Sp and
St in the meandering reach. Sorting estimates for each facies vary little between the three
planform reaches, although the higher energy facies (Sp and St) do tend to be better sorted in the

bars of the wandering reach.

These particle size trends are reflected in the overall average particle size values for each
planform, as wandering planform holes are 0.5¢ finer than meandering planform holes. In all
three instances, upward particle size ratios indicate the predominance of upward fining units, but

the effect is notably more pronounced in the meandering reach.

5: 4 : 2 Interpretation of channel planform sedimentologic variability in terms of summary

statistics

In Table 5.7, predicted variations in facies and particle size characteristics between river
channel planform sediments are compared with observed trends from the three transitional
planform reaches studied on the Squamish River. Typically, the proportion of lower energy
depositional facies is expected to increase downstream from the braided to the meandering
sedimentary environment. However, as shown in Table 5.6, the proportion of lower energy facies
actually is higher in the wandering reach, whereas proportions in the braided and meandering
reaches are equal. This finding, along with the observed consistency in upward facies transitions
irrespective of channel planform type, indicates that there is limited agreement between predicted
and observed sedimentologic characteristics in terms of these selected summary statistical
variables. The variability in upward facies states from the basal gravels in each planform simply

reflects the differing manrer of sediment reworking within each reach.
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TABLE 5.7 COMPARISON OF PREDICTED AND OBSERVED SEDIMENTOLOGIC VARIABILITY
BETWEEN PLANFORM TYPES AS INDICATED BY SUMMARY STATISTICS

' Characteristic

Facies abundance

Facies associations
and upward trends

Particle sizes

Upward trend in
particle sizes

Predicted trend

Higher proportion of lower energy
facies (Fm, O, Sw, Sr) in
meandering reach as distinction of
within-channel and overbank
deposits becomes more apparent

Random pattern expected in braided,
but upward fining pattern expected
in meandering

As energy of flow decreases
downstream, fining of particle
sizes may be predicted in that
direction

Consistent upward fining trends
characterize meandering reaches
whereas braided rsaches are

typically much more disorganized
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Observed trend

Proportion of lower energy facies is
highest in the wandering gravei-bed
reach (53%), but consistent in the
braided and meandering reaches at
48%

All sequences are indicative of upward
fining, are dominated by upward
transitions to facies Sw and Sr, and
show upward transitions from facies G
to higher energy facies

Overall, mean particle size is coarser in
the meandering reach than eisewhere.
In general facies are very consistently
sized for all three planforms, aithough
facies Sp is finer in the wandering
gravel-bed reach and facies St is
coarser in the meandering reach.

All planforms have predominantly
upward fining sequencas, but the

effect is more pronounced in the

meandering reach



Given the similarity in facies abundance and associations regardless of planform type it can
be asserted that the same depositional mechanisms must be operative throughout the study reach.
This supposition is supported by the observed similarity in facies particle sizes for all three

planform reaches and the consistently upward-fining nature of summary particle size statistics.

5:5 Summary

Facies models derived for each of the three planform reaches are quite distinctive, but this
has been shown to be largely a statistical artifact. Sediment sequences upon contemporary bars
typically are made up of high and lower energy facies in roughly equal proportion, and tend to be
upward fining in nature. In high energy alpine systems such as the Squamish, the fundamental
hydraulics of steep channels produce depositional suites that are relatively insensitive to variations
in planform style when analysed using summary statistics of one-dimensional data. These
observations are tested in the following chapter which evaluates within-planform sedimentologic

variability at the channel bar scale.
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CHAPTER VI
WITHIN-PLANFORM SEDIMENTOLOGIC VARIABILITY AT THE CHANNEL BAR
SCALE

6 : 1 Introduction

Following the procedures outlined in the previous chapter, analysis of within-planform
sedimentologic variability is assessed firstly in general terms, prior to considering more specific,
at-a-site variability. Summary sedimentologic statistics of individual bars are analysed both
within-planform (sections 6.2 to 6.4) and in a down-stream sense (section 6.5), followed by
within-bar sedimentologic analysis. The latter is assessed using both summary statistics and
visual representations of individual holes (section 6.6). These within-bar trends are summarized

by channel planform and compared with predicted trends in section 6.7.

6 : 2 : 1 Statistical summary of within-braided reach channel bar sedimentology

Statistical summaries of facies and particle size characteristics for the three braided
planform bars are presented in Table 6.1. The setting and character of these bars are described in
Table 4.10 and Figure 4.1. Facies abundance varies appreciably between the three bars studied in
the braided reach. Although facies Sw, Sr and Sp are generally the most abundant facies, their
relative proportion differs substantially. Facies Sw and Sr combined occupy about 40% of holes
upon all three bars but the proportion of facies Sw is notably reduced on Statbar, whereas facies Sr
and Sp are considerably more abundant at this location. Facies St is less prevalent upon Basbar,
facies Ss is less prevalent upon Statbar and facies Sh is not observed upon Roadup. Facies O is

seldom observed throughout this reach, whereas facies Fm occupies between 5-9% upon all bars.

These variations in percentage sedimentologic make-up reflect facies presence/absence to a
much greater degree than changes in average bed thickness. Only facies St (which has half its
average thickness on Roadup) and the variable thicknesses of facies Sh and Gm (which are seldom
observed in this reach), differ from the overall data set. However, the percentage presence/absence
of facies by holes statistic ranges widely for each facies. This is generally reflected by the absence

of particular facies upon particular bars. Hence, in comparison to the overall data set, facies O, Sp
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TABLE 6.1

Facies type  Number ot
BASBAR
Fm 30
o] [}
Sw 53
St a1
Se 25
Sh 8
Sp 12
St 7
Gm 2
a 20

Number of holes 27

ROADUP
Fm 14
o] 1
Sw 24
St 10
Ss 18
Sh [+]
Sp 5
St 13
Gm 2
a 18

Number of holes 17

STATBAR

Fm 18
o] -]
Sw 19
Sr “
Ss 18
Sh 2
Sp 2
St 17

Gm 2
G 30

Number of holes 32

Facies %pressnce
abund: (e by holes
9 63
1 19
30 8%
15 70
14 50
9 3
13 2
8 19
1 4
- 74

Overal mean particle size 2.620

8 53
0 []
28 n
12 4
17 47
14 2
17 53
4 1"
- 94

L] 38
1 13
1 31
7 78
8 4“4
4

7 53
18 41
1 ]
- 94

Overal mean particle size 1.710

Average bed
thickness (cm)

73
38
13.8
18
13.8
274
28.0
7.8
55

8.1

20
123
128
109

8.4
13.7
19.5

59
33
127
13.8
1.4
45.5
75
241
7.0

76

Upward facies transitions
found in 220% of occumrences

Sw .38; 5r .32
Sw 1.00
Sr.21

Sw 36; Fm 28

Fm .28; Sw .22

Sw 63:Sr 28

Sp .50; Sw .25

Sw .33; &1.33
Sw 1.00

Se .40; Sh .20

Upward particle size ratio 1 : 0.88

Sr .50; Ss 29
Sw 1.00
Fm .24; Sw 24; 5t 24
Ss .50
Fm .40; Sw .40
St .40; Gm .40; Sw .20
St .50; Sw .25
Sr 1.00
Se 27; Sp .27; Fm .20

Upward pasticle size ratio 1 : 1.05

Sr.35
Sw .83
Sr.38
Sr.45
Sr .58;Fm 33
Ss .50; St .50
Sr27;5p .23; St .23
Sr .41
Fm .50; St .50
Sp .33; Fm 27

Upward particle size ratio 1 : 0.79

SUMMARY STATISTICAL ANALYSIS OF THE 1988 WITHIN-BRAIDED PLANFORM REACH DATA SET

Mean particie
size (D unis)
s
30
27
23

13

-1.0

ERR

28
22

1.6
23
-1.0

38
30
aut

2.4
02
0s
-1.0

Mean sorting
vaive

20
22

2.4
3.0
27
4.0

23
3.0
28
25
24

25
3.0
4.0

25
29
28
25
26

35
33
40



and St are less prevalent upon Basbar, facies O, Sr and Sp are less prevalent on Roadup and facies

Fm, O, Sw and Sh are less prevalent on Statbar.

Upward transitions in facies types occuring = 20% of the time show much greater variability
within- than between planform, although facies Sw, Sr and Fm again predominate as preferred
next-states. The only upward facies transitions observed consistently for all three bars are O-Sw
and Ss-Fm; other than these, upward transitions seldom are the same for even two of the three

bars.

This marked between-bar variability in the braided reach is not reflected by average facies
particle sizes, which are very similar to values from the overall data set. Exceptions are the
coarseness of facies O on Roadup (the only occurrence), whereas facies Sp and St are relatively fine
on Basbar and Roadup (facies St being 1.0¢ finer than the overall data set on both bars). Modal
0.5¢ particle size classes exhibit very little difference between the three bars, in all instances being
within 0.5¢ of the values demonstrated for the overall data set. Facies St is consistently 0.5¢ finer
than facies Sp, and facies Sr is consistently 0.5¢ coarser than facies Sw. Variations in the
proportions of gravels in the high energy facies have resulted in a relatively coarse mean particle
size for Statbar, whereas both Basbar and Roadup are finer than the overall data set. Sorting
values exhibit relatively little variability, although there is a general tendency for facies to become
less well sorted downstream upon bars in the braided reach. Finally, upward particle size ratios
are quite different for the three bars. While Statbar is notably upward fining in terms of particle

size, Basbar is less so, and Roadup is actually upward coarsening!

6 : 2: 2 Interpretation of sedimentologic variability between bars in the braided reach

Within-braided reach sedimentologic variability is pronounced, and sediment character of the
three bars studied are very different. This is particularly evident in terms of facies abundance,
facies presence by hole, and upward facies transitions. Indeed, the proportion of higher energy
facies varies from 45% on Basbar to 52% on Roadup to 56% on Statbar. This variability is
explained either by the different nature of the bars studied (see séction 6.6), or by the character of
the sub-environment within which the hole was dug; see Chapter 7). Applying summary statistics
for the overall braided reach (as in section 5.4) is misleading, as these data represent statistical

averages, masking within-reach sedimentologic variability at channel bar and smaller scales.
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6 : 3 : 1 Statistical summary of within-wandering reach channel bar sedimentology

Facies abundances upon the three bars studied in the wandering reach are roughly equal,
although the proportion of facies Sw increases downstream from 15% on Upash to 34% on Fallbar
(Table 6.2). This differential is made up for by the higher proportion of facies Sp on Upash and
facies Ss on Tflent. The high proportion of facies Sw on Fallbar is accounted for primarily by the
extremely high number of occurrences (averaging almost 5 occurrences/hole). This, along with the
high number of occurrences of facies Sr and the considerably thinner nature of all beds on Fallbar,
indicate the distinctly interbedded nature of these holes. Average facies bed thicknesses on Upash
and Tflent are roughly equal, other than the greater thickness of facies Sh and Gm on Upash
(facies seldom actually observed). Whereas facies Sw, Sr and Ss are several centimetres thicker

than average values for the overall data set on these bars, facies St is several centimetres thinner.

Facies presence by hole varies considerably variability between the three bars of the
wandering reach. Facies Sr and Sw are found in >85% and > 70% of holes respectively on all
three bars (over 90% on Fallbar in the latter case). Facies Fm and O are considerably more
prevalant on Fallbar than elsewhere. Facies Ss is less prevalent on Upash, but is found in almost
70% of holes on the other two bars. Facies St is notably less prevalent on Fallbar; only 32% of
holes on this bar were dug to gravel depth, the remainder generally being waterlogged, thereby
reducing the observed presence of high energy facies lower in the sequence. Upward facies
transitions upon all three bars of the wandering reach are dominated by facies Sw, Sr and Fm,
with limited consistency in preferred next-facies state. In no instance are observed upward facies

transitions found with the same relative frequency for all three bars.

Average particle sizes for lower energy facies are consistently almost identical to those
observed in the overall data set. This is also true for facies Ss, but facies Sh is notably finer on
Fallbar (0.5¢). Facies Sp is 0.5¢ finer than overall of Upash and Fallbar (1.0¢ finer on Tflent)
and facies St is almost 1.0¢ finer on Upash and 1.5¢ finer on Tflent and Fallbar. Sorting values
for each facies are consistent throughout, other than the higher value for facies Sh on Tflent and

the lower value for facies St on Fallbar.

Observed particle size trends are mirrored in the 0.5 ¢ class modal groups for each facies.

Modal groups are consistent with previously noted trends for facies Fm, O, Sw, Sr, Ss and Sh, but
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TABLE 6.2 SUMMARY STATISTICAL ANALYSIS OF THE 1985 WITHIN-WANDERING GRAVEL-BED PLANFORM REACH DATA SET

Facies typs  Number of Facies “%“pressnce Average bed Upward tacies transitions Mean particie Mean sorting
occurrences  abundance (%) by holes thickness (cm) found In 220% of occutrences size (D units) value
UPASH
Fm 24 3 47 59 Sw .38; Sp 21 a5 22
(o} 18 1 47 34 Sw .81; Sr 22 7 25
Sw 48 15 e 14.1 Sr.a2 28 23
St 59 23 <} 17.8 Sr.o4 27 26
Ss 19 7 3 183 Fm .39; Sr .28 23 23
Sh 8 8 <] 45.4 0 29; Sp 29 20 28
Sp 52 k-] e 83 Sp .48 1.6 28
St 20 9 40 2.4 Sr 28; St 28; Sw 22 21 28
Gm 2 2 7 40.5 Sp 1.00 -1.0 4.0
Q 19 . 83 - Sp 26; Ss 21 . -
Number of holes 0 Overall mean particle size 2160 Upward particle size ratio 1 :0.71
TFLENT
Fm 27 3 as 48 Sw .33; Sr 30 38 22
o] x 1 as 2.4 Sw .50; Sr .27 29 23
Sw 70 25 74 18.0 Sw .27 28 24
St 58 23 as 17.4 Sr 28; Fm 21 28 27
Ss 35 13 68 165 Sr 27;Sw 24 23 23
Sh 7 3 21 18.8 Sp .40; O .20; Sr 20; St .20 21 a3
Sp % 2 62 73 Sr .30; Sw 23; Sp 20 20 3.0
St 18 9 38 219 Sw 24; Sr 24; Sp 24 25 28
Gm 1 0 3 1.0 Sw 1.00 -1.0 40
G 24 - n - S8 .54; Sw .25 . -
Number of holes 34 Overal mean particle size 2.480 Upward particle size ratio 1 :0.83
FALLBAR
Fm 47 3 74 3.1 Sw .34; Sr 28 a8 25
(o} 45 2 68 28 Sw. M 3.0 23
Sw 182 34 91 1.1 Sw .33; Sr 24; 0 21 29 22
Sr 121 2 88 9.8 Sr .38; Sw .31 28 24
Ss 9 8 88 1.1 Fm 29; Sw 28 2.4 27
Sh 17 4 21 12.1 Sh .47 29 23
Sp 41 2 85 28.1 Sw 24; St 22 1.8 2.8
St 13 4 168.1 Sr .48 7 3
Gm 8 2 15 145 too spread -1.0 4.0
[c] 1" . 2 - Sr.38; Sp 27 . -
Number of holes 34 Overall mean panicie size 2529 Upward particie size ratio 1 : 1.00
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facies Sp and St have smaller proportions of fine gravels, with modal groups generally in the
2.5-3.0¢ class. These lower-than-average particle sizes for high energy facies resulted in overall
mean particle sizes 0.5¢ unit finer than the overall data set for Tflent and Fallbar, whereas the
mean particle size on Upash is directly equivalent with the overall data set. The upward particle
size ratio indicates that trends are notably upward fining on Upash. This effect is less pronounced
upon Tflent, and the upward particle size ratio on Fallbar is 1 : 1.0, indicating upward consistency

of particle sizes (or an equalization of fining and coarsening trends).

6 : 3 : 2 Interpretation of sedimentologic variability between bars in the wandering reach

Sedimentologic variability between bars in the wandering reach is similar to that observed
for the braided planform, in that facies abundance and upward transitions are notably inconsistent
between bars, while particle size trends are almost uniform by facies but variable in terms of
overall mean particle sizes and upward particle size ratios. The three bars exhibit marked
variability in relative depositional energies, the proportion of high energy facies ranging from 39%
on Fallbar to 48% on Tflent to 58% on Upash. Once more, summary statistical characteristics for
this planform reach mask pronounced within-reach sedimentologic variability. Hence, only at the

scale of the channel bar or smaller can meaningful sedimentologic interpretations be made.

6 : 4 : 1 Statistical summary of within-meandering reach channel bar sedimentology

Facies abundance percentages upon bars studied in the meandering reach show even greater
within-reach variability than observed elsewhere (Table 6.3). Only facies O and Gm are found in
equal proportion on all bars, neither facies occupying = 3% of any particular bar. Whereas Uppil is
dominated by facies Sp (making up 54% of all deposits), facies St is dominant on Dcamp and
Pillbend, and facies Sw is the most abundant facies on Bigbar. The percentage of high energy

facies is extremely variable, ranging from 40% on Pillbend and Bigbar to 70% on Uppil.

These differences in facies abundance by bar are accounted for by variability in both facies
presence by hole and average bed thickness. Facies presences are significantly lower than the
overall data set for facies O, Ss and Sh on Dcamp, facies Sw, Ss and St on Bigbar, facies Sw, Sr,

Ss and Gm on Uppil and facies Fm, O, Sr, Ss, Sh and Sp on Pillbend. Conversely, notably higher
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TABLE 6.3 SUMMARY STATISTICAL ANALYSIS OF THE 1985 WITHIN-MEANDERING PLANFORM REACH DATA SET

Facies typs  Number of Facies “%presence Average bed Upward facies transitions Mean particie Mean sorting
occurrences  abundance (%) by holes thickness (cm) found in 220% of occurrences size (D unis) vailue
DCAMP
Fm 30 4 82 43 St .48 a7 22
o n 1 24 2.8 Sw.73 33 20
Sw 56 17 -] 10.8 Sr 35; Sw 25 a1 23
Sr 68 2 78 12.0 Sw .35; Fm .28; Sr .28 29 22
Ss 7 1 24 8.4 Sr .50; Sw .33 28 20
Sh 3 2 10 18.0 Sr .33; Sh .33; Sp .33 08 30
Sp 0 2 52 28.9 Sp .39; Sw .21 0.1 3.4
St 28 27 59 <X Sr.48 0.5 33
Gm 4 2 14 13.0 Sw .50; Sp 25; St .25 -1.0 4.0
G 28 - 97 - Sp .28; St. 8 - -
Number of hoies 29 Overall mean particle size 1.570 Upward particle size ratio 1 : 0.64
BIGBAR
Fm 3 8 50 14.8 Sr .48; Sw .28 s 23
o 29 40 23 Sw .45; Sr 28 29 2.1
Sw 88 13 55 8.4 Sr .43 3.0 23
Sr 137 38 83 15.2 Sr 44;5w 23 29 23
Ss 18 5 31 18.3 Sw .40; Sr .33; Fm .20 25 22
Sh 1 [+] 2 11.0 Sp 1.00 22 20
Sp 2 21 40 277 Sp 51; Sr 31 0.9 3.0
St 21 13 31 9 St .44; St 28 13 27
Gm 3 1 5 8.7 Sw .33; Sr .33; St .23 -1.0 4.0
] 17 - 40 - Sw 29;Sp 29 - -
Number of holes 42 Overall mean particie size 2310 Upward particie size ratic 1 :0.85

UPPIL
Fm 35 5 56 4.8 Sr .34;Fm 25 34 25
o 13 1 44 1.7 Sw .39; Fm 31 2.7 25
Sw 28 10 59 124 0 29;5r 29 28 28
Sr 2 14 <] 1.5 Fm .30; Sw .30; Sr .20 24 28
Ss 7 5 30 2.9 Sr.57 20 1.7
Sh 14 5 4 1.5 Sh .30; Fm 20: Sw .20; Sp .20 2.0 24
Sp 59 54 93 308 Sp 42 1.0 27
St 1 8 41 242 Fm 20; Sw 20; Sp .20 22 3.1
Gm - - . . . . .
G 14 - 52 - Sp .88 - -
Number of holes 27 Overall mean particle size 1.640 Upward particie size ratio 1 : 0.81
PILLBEND
Fm 8 2 19 48 Sw .63; Sr .28 4.1 0.7
o 1 2 24 3.1 Sw .64 3.2 2.1
Sw 33 3 7 2.0 0.32; 5¢ .32 3.0 25
St 24 28 57 25.0 Sw 31;Fm 25 29 26
Ss 2 2 10 170 Sw .50; Sr .50 12 40
sh 1 1 5 28.0 Sw 1.00 27 3.0
Sp - . - - . . .
St 15 4 87 52.5 Sw .54; Sr .39 0.4 38
Gm 2 3 10 340 Sw .50; St .50 -1.0 40
G 18 - 88 - .58 - -
Number of holes 21 Overail mean particie size 1.979 Upward particie size ratio 1 : 0.68
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than average facies presences are observed for facies Fm, St and Gm on Dcamp, facies Sr on
Bigbar, facies O, Sh and Sp on Uppil and facies St on Pillbend. Average facies thicknesses are
almost twice those of the overall data set for facies Fm on Bigbar and facies Sw, Sr, St and Gm on
Pillbend. In contrast, facies Ss on Dcamp and facies Sh on Bigbar are half the thicknesses noted

for the overall data set. Remaining facies are relatively consistent in terms of bed thickness.

Upward facies transitions are dominated by facies Sw, Sr and Fm, and are generally less
variable than in the braided and wandering reaches. Once more facies G is transitional to high
energy facies which are in turn transitional to lower energy facies, indicating up-sequence
reduction in energy of deposition. Average particle sizes and sorting values are less consistent
between bars studied in the meandering reach than elsewhére, but are always upward fining in
trend. Mean particle sizes range over at least 0.5¢ for all facies, with facies Sh and St ranging
over almost 1.5¢ between bars. This can be attributed to the variable proportions of fine gravels in
the high energy facies or the relatively small sample sizes of several of the facies. Examination of
0.5¢ modal size classes for each facies reveals that this implied particle size variation is
misleading, as dominant size classes are consistent for all four bars, other than facies Sw and Sr on

Uppil, which are 0.5¢ coarser than in other instances (at 2.5-3.0¢ and 2.0-2.5¢ respectively).

Finally, mean particle sizes for each bar are coarser than exhibited for the overall data set on
Dcamp, Uppil and Pillbend, the former two bars being the coarsest examined in this study. In
contrast, the high proportion of lower energy facies on Bigbar resulted in its relatively fine nature.
Upward particle size ratios show that all four bars are upward fining, the effect being especially

pronounced on Dcamp and Pillbend.

6 : 4 : 2 Interpretation of sedimentologic variability between bars in the meandering reach

Analysis of summary statistics indicates that the four bars studied in the meandering reach
have quite different sedimentologic character, confirming the previous observation that a
misleading interpretation of average conditions is attained by examination of the planform data
set. Although bar types are fairly similar in this reach, the proportion of high energy facies
observed upon each bar varies considerably. Depositional conditions vary with respect to bend
radius of curvature and within-bar sediment trends. These characteristics are analysed in section

6.6 and Chapter 7. In general, however, sediment sequences in the meandering reach are clearly
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upward fining, representing upward reduction in relative energy of deposition.

6 : 5: 1 Summary statistical analysis of downstream sedimentologic character at the channel bar

scale

In all three planform reaches, within-planform sedimentologic variability is far greater than
between-planform variability. In this section, downstream sedimentologic variability is examined
irrespective of channel planform. The downstream pattern of bar types in the study reach accords
closely with trends on other rivers, exhibiting transitions from longitudinal compound and diagonal
bars to lateral/bank attached and point bars (Church and Jones, 1982). However, in the ten bars
studied there are no clear downstream patterns to facies abundance or facies presence by hole.
Average bed thicknesses by facies vary markedly but in no consistent manner. Overall particle

size trends for each bar demonstrate no clear downstream trend.

Rather than exhibiting clearly defined downstream trends in the selected sedimentologic
characteristics, some variables are consistent on all bars studied, whereas other variables are
highly irregular. There is no consistent trend in upward facies transitions and average facies
particle sizes are remarkably consistent. Sediment sequences generally are upward fining in terms
of facies type and particle size, indicating lower depositional energy as one moves up-sequence. In
only two instances (Roadup and Fallbar) are upward particle size ratios not indicative of upward

fining trends.

In summary, the visually distinct channel bars in the three planform reaches exhibit no
consistent downstream trends for any of the selected sedimentologic parameters throughout the
20km study reach. Local scale variability at the channel bar scale appears to be a much more
important control upon observed sediment sequences, implying that this scale more closely reflects
formative depositional conditions. This effect is observed in the following sections on within-bar

sedimentologic variability.
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6 : 6 : 1 Within-bar sedimentologic variability in the braided reach : Outline of methods

Sediment sequences observed in each hole are schematically reproduced for each bar in
Figures 6.1 to 6.10. Facies type is symbolically represented and particle size is represented by the
width of each bedding unit (see code on each figure). Thicknesses of units and lateral spacing of
holes within each section are incorporated into the diagrams. The position of each hole is indicated

on the map outline shown for each bar.

Several parameters were selected to evaluate within-bar sedimentologic variability. Facies
and particle size trends were analysed down-bar, both laterally and vertically. Finally, bed
thickness, hole depth and changes in surface and basal gravel elevations were evaluated for each
bar. In describing these trends, reference is made to section numbers as noted on the maps for
each figure, the coded number for each hole being the section number in the first instance, and hole
number second (expressed in sequence from left to right for each section). Trends have been
summarized in tabular form for each bar and are described below. Examination of these trends is
made with reference to their field character and setting (Table 4.10; Figure 4.1) in an attempt to

explain observed patterns.

6 : 6 : 2 Within-bar sedimentologic variability upon Basbar

Basbar, the most upstream bar in the study reach, is a complex, compound mid-channel bar
composed of a variety of units which have become attached at different stages over the last 40
years. This is reflected by visual analysis of sediment patterns (Figure 6.1, Table 6.4). There are
no consistent trends for either facies type or particle size down-bar, laterally or up-sequence.
Instead there is a random arrangement of sediment units, with irregular mixtures of high and
lower energy facies. The internal organization of facies within each hole show no clear trends.
High energy facies frequently are found close to or at the bar surface, whereas in several instances
facies Sw and Sr are basal facies. Up-sequence particle size trands often are markedly variable in
adjacent holes. Similarly, bar surface and basal gravel elevation, along with hole depth, show no
consistent within-bar pattern. Indeed, there are no clear within-bar trends for any of the

parameters studied.
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FIGURE 6.1 BASBAR
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It is only when each hole is examined in relation to its local field setting that observed
sediment sequences can be explained. There is a close association between these sequences and the
irregular pattern of field morphologic units (shown in the map on Figure 6.1). These units are

referred to as locales (see Chapter 7).

The high proportion of lower energy facies on Basbar is surprising given the high degree of
braiding, coarse gravel size upon the bar platform (D  of 260mm; Brierley, 1984), and confined
valley width at this location. However, channels are ?iZep and well established, reducing the
number of erosive flows upon the well-developed vegetated floodplain. The proportion of high
energy facies is greater at the bar margins reflecting high energy depositional conditions adjacent
to the main channel. In contrast, adjacent established floodplain vegetation reduces the erosive
effectiveness of floods and aids in both deposition and preservation of lower energy facies at their
waning stage. Finally, sediment sequences on Basbar are influenced by a large log jam at the bar

head which dissipates flow energy, resulting in lower energy facies at the bar surface and

low-energy runoff chute channels at the bar tail.

6 : 6 : 3 Within-bar sedimentologic variability upon Roadup

Although bar character and local field setting for Roadup differ from those for Basbar, the
sedimentologic sequences are similarly inconsistent down-bar, laterally or vertically (Figure 6.2,
Table 6.5). Holes are made up of irregular mixtures of high and lower energy facies, reflecting
sediment reworking and discontinuous preservation. In many instances, high energy facies are
found at the bar surface. Upward particle size trends and mean particle sizes are often highly
variable for adjacent holes. Local scale differences seemingly occur at the locale scale (see map on
Figure 6.2), with a wide range of local depositional environments observed in juxtaposition

producing an irregular bar surface relief and variable hole depths.

Roadup is a diagonal bar feature with a less complex history than Basbar. Valley width is
much greater at this point, and the channel occupies a much smaller proportion of the valley. An
expansive sand/gravel dune field at the bar head reflects high energy flows, which have resulted in
coarser average particle sizes at this location and irregular vertical facies sequences. Reworking of
these expansive sand sheets by small scale diagonal chutes has produced an irregular pattern of

ridges and chutes with erosional remnants of established, vegetated floodplain.
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FIGURE 6.2 ROADUP
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The chaotic mix of field morphologic units has resulted in discontinuous down-bar and lateral
trends shown for facies type, particle sizes and bar surface elevations. Locally, log jams have
complicated these patterns further by dissipating flows, protecting some floodplain sections, and
partially rerouting flows, thereby affecting the character of channel shifting and ridge formation.
Nearby floodplain sections, at the western margin of the valley, are much better established,
indicating that the channel has been pinned against the eastern valley wall for some time and that

recent flow conditions on and adjacent to Roadup have been extremely dynamic.

6 : 6 : 4 Within-bar sedimentologic variability upon Statbar

Sediment patterns and cross-bar elevational changes upon Statbar are more orderly than
upon Basbar and Roadup (Figure 6.3, Table 6.6), but again trends are more a function of locale
zonation than overall within-bar patterns. There is a clear zonation of holes dominated by high
energy facies at the bar head and towards the main channel, whereas the vegetated mid- and tail
bar sections are characterized by lower energy facies. Abrupt down-bar and lateral variation in
facies types is echoed by particle size trends. Coarse sediment units in mid-sequence of holes at the
western bar margin indicate deposition from high energy flow events associated with the adjacent
channel. Other holes exhibit little disruption in their vertical sequence. Hole depth and basal

gravel surface both generally decrease towards the west.

The zonation of locales upon Statbar, with an exposed sand plateau at the bar head and
western margins and downstream-oriented ridges and chutes elsewhere, appears to be the primary
control upon observed sedimentologic patterns. Many of these secondary channels represent flood
routes, with coarse sediment units reflecting high energy flows. Air photo evidence indicates that
over the last 40 years these channels have gradually become less significant, and the sampled bar
unit has become bank attached, with a large log jam in the major chute at the bar head. As yet
little lower energy deposition has occurred upon the bar head sand platform. The recent lateral
shifting pattern of the main channel adjacent to Statbar indicates that this bar clearly is

transitional in character with bars studied in the wandering channel planform reach.
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FIGURE 6.3 STATBAR
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TABLE 6.6 WITHIN-BAR SEDIMENTOLOGIC TRENDS UPON STATBAR

Facles characteristics
Downstream trend

Across-bar trend

Vertical sequence trend

Sections at the bar head (1 to 3) and section 7 are dominated by high energy facies, whereas the proportion of
lower energy facles is much greater elsewhere.

Extremely discontinuous, with several abrupt transitions from holes dominated by high energy facies to holes
dominated by lower energy facles or vice versa (e.g. 1-1 to 1-2, 2-1 to 2-2, 2-4 t0 2-5). Higher energy facies are
more prevalent towards the main channel on sections 3 to 6, and holes 3-4, 4-4, 5-3 and 6-3 have notably lower
energy deposits than adjacent holes. Section 7 Is dominated by high energy facies, but the middle hole (7-2)
clearly has a different sediment composition to surrounding holes.

Many holes at the bar head and on section 7 have thick, high energy facles units above the graveis with lower
energy facies atop. Internal variability Is pronounced in other holes.

Particle slze characteristics

Downstream trend

Across-bar trend

Vertical sequence trend

Other characteristics
Bed thickness trends

Bar surface elevation
Basal surface elevation

Hole depth

Most sections are dominated by medium sands, but units at the bar head and on section 7 are notably coarser.

Extremely variable (as shown for facies) with some areas of the bar notably finer than elsewhere (e.g. holes 4-4,
4-6, 5-3 to 5-5, 6-3 and 6-5).

Notably irregular, with coarse sediment units halfway up-sequence in holes 1-2, 2-1, 3-1 and 4-1. Most holes,
however, are upward fining, although some show no vertical trend.

Extremely variable from hole to hole both down- and across-bar.
Drops 1m from section 1 to 6, but rises again In sections 7 and 8. Elevations are laterally highly variable.
Highly irregular in sections 2 and 4, but most sections tend to slope gradually towards the maln channel.

Extremely variable laterally, but holes tend to be deeper at the bar head and talt (up to 1.5m) and shallower in
mid-bar.



6 : 6 : 5 Within-bar sedimentologic variability upon Upash

The predominance of high energy facies in all sections on Upash reflects the bar position in a
wider section of the valley in which the channel divides into two or three units. The bar is
dominated by thickly bedded sediment units deposited from floods, with some holes >3m in depth.
Over the last 40 years the main channel has shifted positions around the complex, Upash bar on
several occasions. A series of smaller chutes and ridges, along with a third major chute which

presently divides the bar, reflect this history of channel shifting.

Contrary to predicted down-bar trends in particle size characteristics, Upash has a greater
proportion of coarse sand units at its tail than at its head (Figure 6.4, Table 6.7). This reflects the
dominant role played by locale type, as the bar head is a remnant section of vegetated floodplain,
with many fines deposited behind a large log jam, whereas the tail unit is a recently accreted sand
plateau unit made up of coarse sand, high energy facies. The extremely discontinuous lateral
patterns in facies type, particle size and elevation, along with the irregular trends in vertical
sediment sequence displayed in the head and mid-bar sections reflect the different patterns of ridge
and chute units cutting across the bar. Facies St units high up in sediment sequences reflect high
energy flood flows within chutes. In contrast, sediment sequences in the sand plateau deposits at

the bar tail typically are laterally consistent and vertically upward fining.

6 : 6 : 6 Within-bar sedimentologic variability upon Tflent

The Squamish Valley widens considerably adjacent to Tflent, but the main channel is pushed
against its eastern margin by the shallow angle Ashlu Fan. At present the Squamish River is
eroding the shallow fan (i.e. migrating towards the west). Tflent is a linear compound bar which
has recently become bank attached at the bar head. The down-bar addition of discrete sediment

units has increased the bar size by an order of magnitude over the last 25 years.

The irregular nature of bar growth is reflected by extremely variable down- and across-bar
sedimentologic patterns (Figure 6.5, Table 6.8). High energy facies are dominant in some sections
but seldom observed elsewhere. They frequently are found at the bar surface, reflecting high
energy flood flows within a series of diagonal channels which cut across the bar and, along with

adjacent ridge deposits, account for the pronounced lateral discontinuities in sediment type and

93



FIGURE 6.4 UPASH
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FIGURE 6.5
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vertical facies sequence by section (see Chapter 7). In contrast, particle sizes are remarkably
consistent down-, across-bar and vertically. The role of vegetative protection is indicated by the
thinly interbedded nature of virtually all holes on Tflent. Hole depth increases from 1 to 2m

down-bar, whereas basal gravel and bar surfaces tilt gradually away from the main channel.

6 : 6 : 7 Within-bar sedimentologic variability upon Fallbar

Downstream of the Ashlu River confluence, the main channel of the Squamish River is more
deeply entrenched into the floodplain, banks are more cohesive, and the well-developed floodplain is
considerably more extensive. Fallbar is a diagonal compound bar unit separated from the western
valley wall by a relatively narrow channel. This channel is becoming less significant, as the main
channel erodes the floodplain on its eastern bank. Consequently, Fallbar recently has become a
more stable bar unit, and diagonal channels which cut across the bar surface are presently being
infilled. Many of these chutes have prominent log jams at their head. Air photo evidence indicates
significant downstream accretion over the last 40 years, with lateral accretion of platform sands at

the bar tail.

Observed sediment trends accord closely with this locale pattern (Figure 6.6, Table 6.9), and
lateral bar surface elevations are highly irregular. The considerable lateral and vertical mixing of
high and lower energy facies reflects shifting chute channel positions in each section. Down-bar
facies type and particle size trends are more consistent than observed elsewhere, although a fining
trend is noted at the tail. The presence of lower energy facies in contact with basal gravels
indicates that coarser units either have not been deposited, or not preserved. The latter is more

likely as coarse units are observed in mid-sequence adjacent to either the main or side channel.

In summary, holes upon Fallbar are dominated by lower energy facies and exhibit less down-
and across-bar variability than shown elsewhere. This consistency is attributable to similar
despositional conditions throughout the bar, with conditions conducive to deposition and
preservation of lower energy sediments in extensive, thinly interbedded units. Two factors aid in
this process. Firstly, the main channel thalweg is at the opposite bank which is being rapidly
undercut, while side channels adjacent to Fallbar support considerably smaller flows than in the
past. As a consequence, depositional flows upon Fallbar are relatively shallow, low energy events,

hindered further by vegetation. Secondly, the prominent log jams at the bar head dissipate flood
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flow energy, and also act to redirect the main flow filament to the opposite bank.

6 : 6 : 8 Within-bar sedimentologic variability upon Dcamp

Dcamp is a point bar in a freely meandering bend. The preferred direction of migration of
this broad bend is downstream, with over 400m of erosion of the opposite bank in the last 40 years.
Valley width is over 2km at this location. This bar represents the first bar in the study reach
which exhibits clear down- and across-bar change in facies characteristics (Figure 6.7, Table 6.10).
These trends are consistent with observations for other point bar units (see Table 2.3), with distinct
bar head, mid-bar and bar tail units. The character of lateral facies transitions, however, cannot

be explained by reference to bar position alone; the locale pattern also is critical.

The bar head unit of Dcamp is dominated by an extensive gravel platform, which grades
down-bar into a large sand/gravel dune field. In mid-bar sections, holes dug in the central part of
the contemporary bar are finer grained, with a greater proportion of lower energy facies than
adjacent holes. This reflects the roughly parallel zonation of locales upon Dcamp, with high energy
units on the bar platform (adjacent to the main channel) and in a major chute unit adjacent to the
established floodplain. High energy facies are prominent in all units of the bar, but lower energy
depositional units are more significant in holes dug at the bar tail. Vertical facies sequences are
indicative of upward reduction in energy of deposition in most zones of the bar, but the tendency is
better pronounced at the bar tail. The central parts of mid-bar sequences are dominated by lower
energy facies throughout. Hole depth increases notably from less than 1m adjacent to the gravel
locale at the bar head to about 2m at the bar tail. In contrast to the prominent down-bar zonation
of facies types, there is little variation in particle size, as holes are made up largely of

medium-coarse sand units.

Across-bar sediment variations conform to locale zonation, with many abrupt transitions
between adjacent holes in mid-section. Only those holes adjacent to the main channel are clearly
upward fining. In other holes, coarse sand basal facies are not found, possibly indicating random
preservation of these units (associated with chute channel reworking), and holes exhibit consistent
up-sequence trends of medium-fine sands. Basal gravel surface and bar surface elevations tilt

gradually towards the main channel, consistent with lateral bend migration.
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FIGURE 6.7 DCAMP
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6 : 6 : 9 Within-bar sedimentologic variability upon Bigbar

Down-bar and lateral trends in sedimentologic characteristics described for Dcamp are even
more evident upon Bigbar (Figure 6.8, Table 6.11). This is the tightest of the bends studied. The
concave bank has been eroded by over 300m in the last 40 years. A prominent ridge and swale
pattern has developed on the established floodplain, separated from the contemporary point bar
platform deposits by chute units in a morphologic arrangement very similar to that described for
Dcamp. Indeed, the only major difference is that the chute unit on Bigbar is not continuous
down-bar but divided into two units, a coarse sand, high energy chute at the bar head and a fine

sand, low energy run-off chute at the bar tail.

The bar head unit on Bigbar is dominated by a large gravel unit, which is marginal to
upward fining, high energy facies (Sp and St), with occasional ripples atop. Occasionally, holes
adjacent to the main channel are indicative of an up-sequence increase in energy. The proportion
of high energy facies is similar in the mid-bar unit. Laterally discontinuous sediment trends reflect
the parallel, down-bar oriented, chute, ridge and bar platform locales. Holes adjacent to the main
channel are composed solely of high energy facies and contrast sharply with sediment trends
exhibited by holes away from the main channel, which are made up entirely of thinly interbedded
lower energy facies. Between these two units are a series of holes which show a complex
intermingling of high and lower energy facies reflecting series of flood flows within chutes. Vertical
particle size trends are consistent in the mid-bar zone, but mean particle size is notably finer in the
deeper holes (>2m) away from the main channel. As on Fallbar and Dcamp, this is indicative of
the limited preservation and sediment reworking associated with chute channel flows. High energy
facies are not apparent in holes dug at the bar tail. Rather, these shallow holes are composed
solely of fine sand, lower energy facies, reflecting secondary flow circulation patterns in the run-off

chute at the bar tail.

Basal gravel surfaces are highly irregular on Bigbar reflecting erosion by chutes. A
consistent tilt of the basal gravel surface towards the main channel is not observed. The platform
sediment locale adjacent to the main channel has a series of distinct levels, probably reflecting

different flow stages.
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FIGURE 6.8 BIGBAR
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6 : 6: 10 Within-bar sedimentologic trends upon Uppil

Uppil is a lateral bar located at the downstream end of a broad bend that is confined by a
bedrock buttress on the western valley wall. Air photo evidence indicates very little downstream
translation of this bend in the last 40 years. Sediment sequences are much simpler than those
demonstrated by Dcamp and Bigbar as trends upon this lateral bar are not disrupted by a series of
chutes. Rather, the discontinuous ridge and swale pattern of the established floodplain (examined
in sections 1 and 5) is simply marginal to bar platform sands (Figure 6.9, Table 6.12). No

down-bar trends are evident for facies type, particle size or bar surface elevation.

Holes adjacent to the main channel are made up of medium-coarse sand, high energy facies
units. In developed floodplain sequences, these units are covered by thinly interbedded lower
energy facies in a laterally continuous fashion, reflecting upward reduction in energy of deposition
and particle size. These holes are quite deep (>3.5m). Basal surfaces tilt notably towards the

main channel, dropping by over 3m in some instances.

6 : 6: 11 Within-bar sedimentologic variability upon Pillbend

Pillbend is a point bar depositional unit contained within a broad bend at the lower limit of
the study reach. Channel width is notably narrower at this location. This bend has migrated
laterally (not downstream) by 200m in the last 40 years, most of this movement taking place since
1969. This movement is now inhibited by a coarse boulder dyke on the concave bank. The process
of bend migration has produced a series of discontinuous ridge and swale features adjacent to the

bar platform. These features represent discrete morphologic units (or locales) upon Pillbend.

The character of down-bar sedimentologic trends observed upon Pillbend is slightly different
to that shown upon Dcamp and Bigbar, with the bar head unit composed of finer, lower energy
facies (Figure 6.10, Table 6.13). Mid- and tail bar sequences are roughly equivalent. Mid-bar
sections are composed of coarser, higher energy facies than observed at the bar head or tail. Facies
and particle size trends are laterally discontinuous and conform with a series of locale units around
the bend. The locale adjacent to the main channel has coarse scour hole deposits, with occasional
lower energy facies atop. These sequences differ notably from neighbouring holes which are

affected by down-bar oriented chute channels. Flows within these chutes have removed high
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FIGURE 6.9 UPPIL
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'FIGURE 6.10 PILLBEND
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energy facies, and preferentially preserved lower energy units, with no vertical particle size trends.
Finally, sediment units at the bar tail are similar to Bigbar with fine sand, lower energy facies
reflecting secondary flow circulation in the tail chute locale. Bar surface slope tilts notably (> 2m)

towards the main channel, in a manner consistent with bend migration.

6 : 7 : 1 Comparison of expected and observed within-bar sedimentologic variability by planform

Braided river reaches are high energy environments characterized by frequently shifting
channels which are prone to abandonment and reoccupation. As such, chaotic sediment sequences
may be expected, with abrupt transitions in facies type and particle size laterally and vertically,
and highly irregular surface morphologies. Furthermore, a small proportion of lower energy
deposits would be predicted. These tendencies are all in evidence for the three complex, compound
bars studied in the braided reach (Table 6.14). Local scale variability is pronounced down- and
across-bar and in vertical sequences. Lower energy depositional units are observed in isolated

irregular patches across the valley, in established floodplain areas.

Down-bar trends in facies type or particle size may be expected for longitudinal or
mid-channel bars (Table 2.3) but the complex nature of the three bars studied precludes the
existence of such trends. Although these compound bars are markedly different in character and
local field setting, they are made up of similar field morphologic units. The random pattern of
locale zonations upon Basbar and Roadup is clearly reflected in the irregular within-bar sediment
patterns. Statbar appears marginal to conditions in the nearby wandering reach, exhibiting

down-bar linearity in locale pattern, resulting in more consistent sediment trends (see Chapter 7).

In the wandering planform reach, trends in sedimentologic characteristics are expected to be
more consistent than those observed in the braided reach as the number of channels is smaller, bar
sections are more stable, and the manner of channel shifting is more regular. Abrupt facies
transitions from high to lower energy deposits characterize channel abandonment. Subsequent
infill sequences typically are upward fining. Finally, basal gravel surfaces depend entirely upon
the nature of channel shifting, and therefore should be more consistent than observed upon bars

studied in the braided reach.
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Observed sedimentologic variability upon each of the three bars studied in the wandering
reach conforms with the expectations outlined above. Facies and particle size distributions vary for
each bar, reflecting their different characters and field settings. While Upash is a more-exposed
mid-channel/diagonal bar unit, with a high proportion of coarse, high energy facies, Tflent and
Fallbar are protected side-bar depositional environments, relatively distant from the main channel
thalweg. Sediment patterns upon bars in the wandering reach are related primarily to the local
manner of chute channel reworking of deposits. Consistent trends in sediment units are closely
aligned with the pattern of field morphologic units. These locales are much larger and less

randomly organized than observed in the braided reach (see Chapter 7).

Vertical sequences exhibit pronounced mixing of high and lower energy facies, reflecting the
disruptive role of high energy chute flows. Upward particle size trends upon bars in the wandering
reach are not clearly upward fining. They are widely variable upon Upash, but Tflent and Fallbar
are characterized primarily by upwardly consistent particle size trends. The extensive units of
thinly interbedded deposits observed on these bars are quite different from anything observed in
the braided reach. This trend possibly reflects removal of coarser materials during floods and
replacement by fine sand, waning stage flood deposits. The pattern of chutes has resulted in highly
irregular basal gravel surfaces on Upash and Fallbar, whereas mid- and tail bar sections on Tflent

tilt gradually away from the main channel.

Predicted within-bar sedimentologic variability also accords closely with observed trends
upon bars studied in the meandering reach. Distinct sediment zones are apparent around bends for
each of the point bars, whereas Uppil (a lateral bar) has much more consistent down-bar trends.
Facies type and particle size trends are generally indicative of reduced energy of deposition around
the bend in agreement with patterns outlined in Table 2.3. Variability in these trends may be
accounted for by the tightness of the three bends and upstream bend character, as these are the

primary controls upon fully developed bend flow (Jackson, 1976).

In bar sections unaffected by chute flows, vertical sediment sequences exhibit up-sequence
reduction in energy of deposition and particle size, conforming with the classic model of meandering
channel planform sedimentology. However, downstream-oriented chute flows are dominant
features adjacent to the established floodplain in most sections. These chutes have disrupted

laterally consistent sediment sequences and created arcuate, down-bar locale zones around each
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bend. Sediments reworked and redeposited in chutes are much lower energy units than the coarse
high energy platform deposits observed adjacent to the main channel. Whereas chute sediments
are upwardly consistent lower energy deposits composed of medium-fine sands, platform deposits
are upwardly consistent high energy deposits composed of medium-coarse sands. Between these
locales is a unit of largely mixed trends. The main implication of this locale distribution is that
coarse units are not preserved as the bend laterally migrates. As a consequence, classic upward
fining sequences seldom are observed. In contrast to these findings, trends in facies type and
particle size are laterally consistent upon Uppil, a lateral bar experiencing no lateral migration and

minimal downstream translation. Vertical size trends upon this bar clearly are upward fining.

Locales upon bars in the meandering reach are larger and conform to a much more
predictable pattern than observed in the other planform reaches. Basal gravel surfaces exhibit
much greater lateral consistency. Surfaces tilt steeply towards the main channel in accordance
with bend migration on Dcamp, Uppil and Pillbend, although trends are much more variable on
Bigbar. In all instances, slopes are more continuous and steeper than the trends shown on Statbar
and Tflent. This implies that there is a much greater degree of order in sediment sequences upon

point bars, which is only detectable when viewed at the within-bar scale.

6 : 7 : 2 The use of within bar sedimentology in planform differentiation

In contrast to the meaningless planform facies models produced by Markov analysis for
one-dimensional data, and the inaccuracies noted in the summary statistical analysis of
sedimentologic character by planform, the three-dimensional pictures of channel bar sedimentology
present several criteria which are reliable predictors of planform differentiation. Although
depositional mechanisms are the same irrespective of planform or bar type, the spatial scale and
association of within-bar sediment units exhibits several tendencies by planform. The following
within-bar trends are indicators of planform differentiation of Squamish River deposits :

1. Laterally and longitudinally extensive sequences of fairly consistent lower energy facies

(often thinly interbedded) are characteristic of bars found in downstream areas of the study

reach (either wandering or meandering), while highly irregular, random sequences with

alternating high and lower energy facies or coarse and fine particle sizes are indicative of
braided conditions.

2. Consistently upward fining units observed horizontally over scales from tens to hundreds of
metres are indicative of meandering river conditions, or circumstances in which the manner
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of channel migration is consistently unidirectional. Upward fining units are found under all
three planform styles, but are much more localized in the braided and wandering reaches.

3. Basal gravel surface contacts dipping steeply in a regular lateral manner (towards the main
channel) are observed only under meandering conditions.

Comparing trends for each planform from Table 6.14, it is evident that facies and particle
size trends are highly irregular in the braided reach, but exhibit increasing order downstream in
the study reach, with well-defined patterns upon bars in the meandering reach. Average hole
depth increases notably downstream, and basal gravel surfaces become much more laterally
consistent in that direction. These tendencies, however, are transitional in character, and it is not
possible to create a "type" sequence of sediments for any particular bar or planform type. While
the channel bar scale provides a more important control upon observed sedimentologic patterns
than does channel planform style, within-bar trends are not consistent with predicted trends in all
instances. Rather, the pattern of locales is the primary control upon sediment sequences. As
related to specific geomorphic processes, locales refer directly to environment of deposition (as does
architectural element analysis, Miall, 1985). The scale, morphology, spatial association and

sedimentology of locales is assessed by planform in Chapter 7.
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CHAPTER VII
SEDIMENTOLOGIC ANALYSIS AT THE LOCALE SCALE

7 : 1 Definition of terms

Sediment patterns upon bars studied are zonal in nature, reflecting local scale depositional
environment to a greater extent than bar-scale trends. These field morphologic units are
independent of planform or bar type and are referred to as locales. From field knowledge of the
contemporary bars studied on the Squamish River, four locales have been defined (Table 7.1). The
proportion of established floodplain deposits in each reach increases downstream, as the number of
channel decreases and valley width increases. The chute locale unit is a summary term for a wide
range of channelized units (including cut-offs, runnels and swales). Ridge units are discontinuous
raised strips with an irregular outline found adjacent to river channels. Finally, the most
prominent locale upon contemporary bars are channel platform deposits, large exposures of

unvegetated sands and gravels typically located adjacent to the main channel.

Each bar has a distinct set of locale components; indeed, the different character of river
channel bars is a reflection of the make-up, extent and pattern of locale types. Bars in the braided
reach are made up largely of small, irregularly arranged, remnant locale units. The nature of
channel shifting, abandonment and reoccupation results in poorly developed ridge and established
floodplain units, whereas chute and platform locales are dominant. In all three bars, prominent
platform locales are located at the bar head, but air photo evidence indicates that these units are

extremely prone to change.

Maps of locale distributions (on Figures 6.1 to 6.10) indicate that Statbar, at the downstream
limit of the braided reach, exhibits a greater degree of spatial ordering in locale type than bars
upstream, and is marginal in character to bars studied in the wandering reach. Down-bar parallel
locales are oriented longitudinally or diagonally, dependent upon chute channel pattern. Ridge,
chute and established floodplain locales alternate laterally, with platform units in areas of recent
bar accretion. The platform locale varies in position from bar to bar; it is located at the bar tail on

Upash, in a lateral zone on Tflent and in irregular positions on Fallbar.
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Bars studied in the meandering reach exhibit a similar banded locale pattern to that
demonstrated in the wandering reach, but in this case it adopts an arcuate form around the bend.
Alternating locale patterns are not present other than in ridge and swale sequences; rather, a
simple lateral zonation is found away from the main channel. There is considerably greater

ordering than in the other planform types (Figure 7.1).

The locale scale represents a geomorphic approach to sediment analysis as there is a direct
link to processes of sediment deposition and accumulation. Whereas processes are independent of
planform or bar type, they are directly linked to the locale scale. However, several processes may
be operative within one locale, resulting in overlap in sediment sequences between types. Platform
units are derived from high energy within-channel flows, with occasional lower energy depositional
units atop. Chute deposits are derived from infill of small-scale cut-off channels. The character of
channel fill depends upon whether the chute shifts laterally or is abandoned. The former are
systematically infilled initially by high energy units, with the proportion of lower energy deposits
increasing up-sequence, whereas abandoned units may have an upwardly consistent low energy
fill. The relative proportion of these mechanisms is contingent upon chute position and local
environmental character. Ridge deposits accumulate from lateral accretion mechanisms associated
with channel shifting and deposition from floods. Observations from a flood event in 1986
demonstrated the manner of lateral accretion upon ridges adjacent to the main channel (Figure
7.2). Finally, established floodplain deposits are made up of flood cycle and sand sheet deposits,
although basal materials may be made up of coarser/higher energy units, reflecting former

platform/channel positions.

These visually distinct field morphologic units are not necessarily variable in terms of facies
type, composition and association, as principles of convergence may apply. However, differing
scales and morphologies of locales may aid in their determination in environmental interpretation.
Before assessing the sedimentologic response to this process differentiation by planform, the four

locales are first summarized for the overall data set.
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FIGURE 7.1 SCHEMATIC REPRESENTATION
OF LOCALE ORGANIZATION
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7 : 2 : 1 Locale sedimentologic character

In order to assess the sedimentologic character of the four locale types, summary statistics
were derived for each locale, for both the overall data set and by planform, and are evaluated along
with diagrammatic representations of each bar (Figures 6.1 to 6.10). Chute, established floodplain
and ridge locales are sedimentologically very similar, but all differ notably from the platform locale
(Table 7.2). The proportion of high energy facies is >60% upon bar platforms, but as low as 39%
in chute infill. Facies Fm occupies almost 10% of both the chute and established floodplain locales.
Facies Sw and Sr are especially prevalent in the ridge and chute locales, occupying >50% of all
observed sediments in both instances. Facies Ss and Sh are most prevalent in the established
floodplain locale, but even here they occupy <20% of all sediments. The major compositional
difference between platform deposits and the other locales is expressed in terms of the abundance

of facies Sp and St, which occupy 52% of the platform locale (20% higher than elsewhere).

Observations noted for facies abundance by locale are influenced primarily by facies
presence, as average bed thicknesses are consistent for all four locales. Facies Fm is found in
> 60% of chute, ridge and established floodplain holes (90% in the latter case), but only 28% of
platform holes. Similarly, facies Sw is found in > 70% of chute, ridge and established floodplain
holes, but only 55% of platform holes. Facies O is observed twice as frequently in chute and ridge
locales as elsewhere. In similar manner, facies Sr is present in > 85% of chute and ridge holes, but
only about 60% of established floodplain and platform holes. Facies Sw and Sh are most prevalent
in the established floodplain locale, whereas facies Sp, St and Gm are more prevalent in the

platform locale.

Preferred upward facies transitions are very similar for each locale. Facies Sw and/or facies
Sr are dominant in virtually all instances except from facies G. Transitions from basal gravels are
primarily to facies Ss in both the established floodplain and ridge locales, and either facies Sp or St

in the chute and platform locales.

Mean particle sizes are remarkably consistent for lower energy facies (Fm, O, Sw and Sr) in
each locale. The modal particle size group for facies Sw is 0.5¢ finer than for facies Sr (3.0-3.5¢
as opposed to 2.5-3.0¢) for each locale except platform deposits, where the modal group is 2.5-3.0¢

for both facies. Facies Ss is 0.5¢ coarser in the platform locale and facies Sh is 0.5¢ finer in the
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TABLE 7.2 SUMMARY STATISTICAL ANALYSIS OF THE 1985 LOCALE DATA SET

Facies type  Number of Facies %presence Average bed
occurrences  abundance (%) by holes thickness (cm)

ESTABLISHED FLOODPLAIN
Fm 43 10 20 6.7
o 8 1 24 3.1
Sw $8 24 7 124
Sr 40 16 59 11.8
Ss <] " 69 10.0
Sh 9 7 24 248
Sp 25 20 34 24.4
St 16 12 34 2.4
Gm 0 0 0 .
G 20 - 69 -

Number of holes 29 Overall mean particle size 2.650

CHUTE
Fm 68 8 63 74
o 39 1 58 25
Sw 136 25 n 12.1
Sr 14§ 27 85 12.7
Ss 37 7 48 134
Sh 5 3 10 38.0
Sp 13 16 35 32.1
St 35 13 33 25.4
Gm 3 0 4 8.3
G 34 - 65

Number of holes 52 Overail mean particle size 2.379

RIDGE
Fm 106 4 62 52
o 73 2 45 2.6
Sw 219 2 78 12.9
Sr 245 30 92 15.7
Ss 64 8 52 16.9
Sh 30 5 2 20.4
Sp 86 19 53 29.2
St 83 10 34 23.5
Gm 7 1 8 19.3
G 59 69 -

Number of holes 85 Overall mean particle size 2.429

PLATFORM
Fm 56 2 28 55
o 53 1 26 28
Sw 185 18 55 13.1
Sr 174 17 66 13.1
Ss 50 ] 31 13.8
Sh 24 3 14 17.4
Sp 163 34 69 28.7
St 78 18 47 30.5
Gm 14 2 9 18.1
G 83 - 85 -

Number of holes 127

Overall mean particle size

1.708
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Upward facies transitions
tound in 220% of occurrences

Sw.49; Sr .35
Sw .57

Sw .30; Fm .23

Fm .31; Sr .31

Fm .45; Sw .28

Sw .22; Sr .22; Sh .22; Sp .22

Sp .38

St .42; Sw .25

Ss .45

Upward particle size ratio 1

Sw .35; Sr .27
Sw .84; Sr .26
Sr .36; Sw 21
Sr .35; Sw .29

Sw .30; Sr .30; Fm .24

St .40; Fm .20; O .20; Ss .20

Sp .34; Sr 22
Sr .28; .25

Sw .33; Sr .33; Sp .33
Sp .29; .20

Upward particle size ratio

Sr .38

Sw .63
Sr.34;0 .23
Sr.34; Sw 28

Sw .30; Sr .25; Fm .21

Sh .24; Sp .24
Sp 25; Sr .22
Sr .29; Sw .22

Sw. N

Ss .27

Upward particle size ratio

Sw .32
Sw .59
Sw .31; Sr .23
Sr .29; Sw .23
Sr .28; Fm .21
Sw 24
Sp .40; Sr .22
Sr .37
Sr.21
Sp .37; 5t .24

Upward particle size ratio

:1.00

1:0.75

1:091

1:0.72

Mean particle
size (D units)

3.5
32
29
28
24
27
22
24

3.8
29
3.0
3.0
26
25
0.2
1.7
-1.0

35
3.1
29
28
23
20
1.6
1.9
-1.0

3.6
28
29
26
20
25
1.0
0.8
-1.0

Mean sorting
value

25
23
24
2.6
2.5
26
28

22
25
23
22
2.1
2.1
3.6
2.9
4.0

22
22
2.4
25
23
27
29
3.0
4.0

23
22
24
25
25
22
29
3.2
4.0



ridge locale. The modal particle size group for both these facies is 2.5-3.0¢ other than for facies Ss
in the established floodplain and platform locales (2.0-2.5¢). Particle size variability exhibited for
facies Sp and St by locale can be attributed to the presence/absence of gravels within each data set.
Facies Sp is considerably coarser in the chute and platform locales, representing high energy basal
units. Similarly, facies St is much coarser upon bar platforms than elsewhere. Average facies
sorting values are remarkably similar in each locale, although in the chute locale facies Ss and Sh
are better sorted, while facies Sp is notably less well sorted than elsewhere. All facies are well

sorted other than facies Sp and St (moderately well sorted).

The coarseness of high energy facies, which are considerably more abundant in the platform
locale, result in mean particle sizes which are 0.75¢ coarser in this locale than elsewhere. The
other three locales demonstrate little overall particle size variability. Upward fining trends are
more evident in the platform and chute locales. Facies organization, particle size and bed thickness
are consistent in each locale, indicating that depositional mechanisms are operating in a similar
manner. Facies abundance varies considerably, however, with the platform reflecting a much

higher energy, coarser sand, depositional environment.

7: 2 : 2 Sedimentologic variability of the established floodplain locale by planform

As the study at this stage focussed upon contemporary bars, the established floodplain was
not analysed in the meandering reach; rather emphasis was placed upon exposed deposits adjacent
to the main channel and only two holes within established floodplain units were examined. Hence,
analysis of the established floodplain locale was restricted to holes dug in irregular remnant
floodplain units upon within-channel bars of the braided and wandering reaches. The data exhibit
considerable sedimentologic variability by planform in the established floodplain locale (Table 7.3).
While the abundances of facies O, Sw, Sr, Sh and Gm are consistent, facies Fm and Ss are
considerably more abundant in the braided reach. Facies Sp is very prominent in the established
floodplain locale upon bars in the wandering reach, but seldom observed in the braided reach. This
trend is reversed for facies St. This variability is expressed in terms of both facies presence by hole
and average bed thicknesses. For example, facies Fm and Ss are found with equal thickness in the
braided and wandering reaches, but are much more prevalent in the braided reach. In contrast,

facies Sw is less prevalent in the wandering reach, but has twice the thickness of the braided reach
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TABLE 7.3 SUMMARY STATISTICAL ANALYSIS OF THE 1985 ESTABUSHED FLOODPLAIN LOCALE DATA SET BY PLANFORM

Facies type

BRAIDED
Fm 28
(o] 3
Sw 38
St 18
Ss 28
Sh 5
Sp 4
St 10
Gm 0
G 15

Number of holes 17

WANDERING
1

ofegveefold
vooRaogawn

Number of holes - 10

MEANDERING

0Qogeyrefol
N OO -~ O = & O

Number of holes 2

Number of
occurrences  abundance (%)

Facies %presence
by holes
13 94
0 18
2 88
15 53
19 88
7 29
8 12
17 41
[} 0
- 88

Overall mean particle sze 2.740

5 80
1 40
2 80
14 60
4 40
9 20
38 70
8 2
0 0
- 2

Overall mean particie sze 2.490

10 100
0 0
53 100
28 100
2 50
0 0
9 50
0 0
0 0
100

Overall mean particle size 3.080

Average bed
thickness (cm)

%]
20
8.8
121
102
20,0
230
242

6.8
38
18.3
1.1
10.0
30.8
25.0
19.3

5.0
18.5
133
5.0

19.0
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Upward facies transitions
found in 220% of occurrences

Sw .38; Sr .32
Sw 1.00
Fm .27;Ss 23
Fm .31
Fm .48; Sw .32
Sw .40; St .40; Ss .20
Sw .50; Sp .50
Sp .43; Sw .29

Ss .47;Fm 20

Upward particle size ratio 1 :1.10

Sw .48; Sr .36

Sw .40; Sr .20; Sp .20; St .20
Sw .38; 0 .21
Sr .58; Fm 25

Sr .40; Sp .40; Fm 20

Sh .50; Sp .50
Sp .38; Fm 25

St .40; O 20; Sw .20; Sp .20

Sr .67; Ss .33

Upward particle size ratio 1 :0.93

Sw .50; Sr .50
Sw .75; Fm .25
Fm .50; Sw 25; Sr 25
Fm 1.00
Sr 1.00

Ss .50; Sp .50

Upward particie size ratio 1 :0.71

Mean particle
size (@ units)

34
3.4
28
27

28
26
25

7
kA
27
29
24
25
21
20

Mean sorting
value

22
23
26
24
28
23

27
27

25
221
24
23
28
28
28

20
20
22
20

20



(giving roughly equal abundances). The greatest variability is for facies Sp, which is found in
=70% of holes dug in the established floodplain locale in the wandering reach, but only 12% of

holes dug in the established floodplain locale in the braided reach (thicknesses are roughly equal).

Several factors may account for this variability. Only 30% of holes dug in the established
floodplain locale in the wandering reach were in contact with basal gravels, so proportions of each
facies may be highly misleading. In general, however, these holes were deeper than those observed
in the braided reach. Secondly, from visual analysis of sediment patterns within the established
floodplain locale there is much evidence for localized reworking of established floodplain sediment
sequences. Vertical sequences exhibit abrupt transitions from high to lower energy facies, with
according changes in particle sizes, indicating that the sedimentary record is incomplete. For
example, holes dug in the established floodplain locale in an eroding bank adjacent to the main
channel on Basbar are dominated by high energy facies deposited from sand sheets and are quite
different from established floodplain sediment sequences observed elsewhere on the bar. Similarly,

on Roadup, flood events have deposited several sheet-like units of facies Ss across the bar surface.

Observed sediment sequences in the established floodplain locale are quite different in the
wandering reach. Upash has many more coarse sediment units than observed elsewhere, with
facies Sp units prevalent, at various positions in vertical sequence. The established floodplain
locales upon Tflent and Fallbar are disrupted by chute channels. Once more facies Sp is prevalent,
but holes are dominated by lower energy facies. Sequences are primarily upward fining in terms of
both energy of deposition and particle size. The two established floodplain locale holes examined in
the meandering reach (on Dcamp) are upward fining wavy interbedded sequences with occasional

facies Fm units.

Statistical summary of upward facies transitions indicates that there are pronounced
differences between the braided and wandering reach established floodplain locales. Only for facies
Fm are upward transitions actually consistent. Facies Fm and Sw are dominant upward facies
transitions in the braided reach, whereas facies Sr and Sp are the preferred next-state facies in
many instances in the wandering reach data set. In neither instance are transitions from
framework gravels to either facies Sp or St; rather, facies Ss and Sr are the preferred upward
transitions in the braided and wandering reach established floodplain locales respectively. In 20%

of instances, upward transitions from basal gravels in the braided reach are to facies Fm. These
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findings reflect sediment reworking upon contemporary bars, producing extremely complex facies

sequences.

There is little within-locale variability in average facies particle size by planform, although
modal particle size groups are 0.5¢ coarser for facies Sw, Sp and St in the wandering reach.
Average facies sorting values are also very consistent by planform, the only variability being the
better degree of sorting of facies Sw in the wandering reach. In virtually all instances, sediment
sequences are dominated by moderately-well sorted medium fine sands, with little upward particle
size variability. Sedimentologic character of the established floodplain locale is quite variable by
planform, since a broad range of mechanisms have produced the subsurface sediments. Only at

the surface are mechanisms of lower energy infill consistently applied.

7 : 2 : 3 Sedimentologic variability of the ridge locale by planform

Sedimentologic variability by planform of the ridge locale is considerably less than
demonstrated for the established floodplain locale (Table 7.4). The abundances of each lower
energy facies (Fm, O, Sw and Sr) are virtually identical in each planform reach to those of the
overall ridge data set. In contrast, the proportions of facies Sp and St are notably lower in the
braided reach, but are compensated for by the higher proportions of facies Ss and Sh. Variations
are affected primarily by the facies presence by hole statistic, as average thicknesses for each
facies vary little, other than the thicker facies O and Sh units in the braided reach (both are seldom
observed). Facies St was only occasionally seen in the braided reach ridge locale. Facies Sp is
notably more prevalent in the wandering reach. Finally, facies Fm and Gm are found more

frequently and facies Ss less frequently in the meandering reach than elsewhere,

Upward facies transitions in the ridge locale exhibit consistent trends, indicating up-sequence
reduction in energy of deposition in all three planform reaches. The only notable variability is
upwards from basal gravels, which occurs primarily to facies Ss in the braided and wandering
reaches and to facies Sp in the meandering reach. However, sequences in the ridge locale exhibit
much less disrupted internal organization than shown in the established floodplain locale. Thinly
interbedded lower energy facies are dominant in the braided reach. These are laterally
discontinuous upon Basbar, and mixed with occasional high energy facies on Statbar. Particle size

trends are upward coarsening in the braided reach, due to the high presence of facies Fm and Sw

126



TABLE 7.4 SUMMARY STATISTICAL ANALYSIS OF THE 1985 RIDGE LOCALE DATA SET BY PLANFORM

Facies type  Number of Facies %presence Average bed Upward faciee transitions Mean particle Mean sorting
occurrences  abundance (%) by holes thickness {cm) found in 220% of occurrences size (@ units) value
BRAIDED
Fm 5 3 30 5.2 Sr .40; Ss .40; Sw .20 35 20
o] 4 3 20 7.0 Sw 1.00 31 24
Sw 18 25 70 124 Sr .44 3.0 25
Sr 17 26 90 13.8 Sw .40; Sr 20; Sp .20 29 24
Ss 10 18 70 16.4 Sr .44; Fm .33; Sw .22 24 1.8
Sh 2 12 30 51.5 Sw 1.00 24 25
Sp 4 1 30 24.3 Ss .75; Sp .25 24 2.7
St 1 2 10 18.0 Sr 1.00 22 3.0
Gm 0 0 0 - - - -
G 10 - 100 - Ss .30; Fm .20; Sw .20 - -
Number of holes 10 Overail mean particle size 2.740 Upward particle size ratio 1 : 1.19
WANDERING
Fm 33 3 49 43 Sw .30; Sr .27 as 2.3
o] 28 1 43 23 Sw .64 29 22
Sw 91 23 81 13.3 Sr 27, 0.22 29 23
Sr 81 26 89 171 Sr .35; Sw .24 27 26
Ss 43 13 73 15.8 Sw .33; Fm.21 23 2.5
Sh 1 3 19 16.2 Sh .36; Sp .36 1.3 34
Sp 46 23 65 26.5 Sp .31; Sr .28; Sw .21 22 28
St 18 7 35 20.1 Sr .25; Sp .25 25 26
Gm 2 1 5 14.0 Sw 1.00 -1.0 4.0
G 24 - 65 - Ss .44; Sw .20 - -
Number of holes 37 Overall mean particle size 2.500 Upward particle size ratio 1 : 098
MEANDERING
Fm 68 6 84 5.6 Sr .44 35 22
[o] L) 2 55 24 Sw .59 31 22
Sw 110 20 76 12.6 Sr .39;0 .24 3.0 24
Sr 147 33 95 15.2 Sr .35; Sw .29 28 24
Ss 1 3 26 16.1 Sr .46; Sw .27 25 22
Sh 17 5 24 19.5 too spread 2.2 24
Sp 36 18 47 33.1 oo spread 09 3.0
St 34 13 25.5 Sr.29; Sw .24 1.6 3.1
Gm 5 2 13 214 Sw .60; Sr 20; St .20 -1.0 40
G 25 - - Sp .28 - -
Number of holes 38 Overall mean particle size 2.300 Upward particle size ratio 1 : 0.83
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at the base of sequences, as both these facies are upwardly transitional from basal gravels in

= 20% of circumstances. In the wandering reach, ridges are characterized by thinly interbedded
lower energy facies atop occasional high energy units, upwardly consistent with respect to particle
size. Sequences on Upash are somewhat coarser, reflecting higher energy flows upon this
mid-channel bar. In the meandering reach, sequences are also made up primarily of thinly
interbedded lower energy facies. These are generally upwardly consistent on Deamp and Pillbend,
but some holes on Bighar and Uppil are upward fining with respect to both particle size and energy

of deposition. Ridge deposits on Pillbend tend to increase in depth around the bend.

Average facies particle sizes are very consistent for each reach other than the coarseness of
facies Sh in the wandering reach and facies Sp and St in the meandering reach. In each planform
reach the modal particle size class for facies Sr is 0.5¢ coarser than for facies Sw. Modal groups
for facies Sh, Sp and St are also consistent at either 2.0-2.5¢ or 2.5-3.0¢, indicating that observed
variability in average particle size is accounted for by the proportion of gravels in each unit.
Average facies sorting values are extremely consistent by planform for lower energy facies, but
vary by up to 1.0¢ unit for high energy facies. Overall particle sizes for the ridge locale coarsen by

0.5¢ in a downstream sense, from the braided to the meandering reach.

In summary, the sedimentologic make-up and internal organization of ridge locale deposits is
relatively uniform, noted differences being accounted for by occasionally preserved coarse sand,
high energy deposits. Observed sequences are less complex than noted in the established floodplain

locale, as there is a much closer association to a specific depositional mechanism upon ridges.

7 : 2: 4 Sedimentologic variability of the chute locale by planform

Summary statistics for chute locale deposits indicate pronounced variability between the
three planform reaches (see Table 7.5). Although the ratio of lower:high energy facies is roughly
consistent in each case (60:40), the make-up of these two components varies by planform. Facies
Sw and Sr are roughly equally abundant in the braided reach, but facies Sw is the dominant lower
energy facies in the wandering reach chutes and facies Sr dominates in chutes in the meandering
reach bars. Facies Ssis the major high energy facies in the braided reach, facies Ss, Sh, Sp and St
are equally spread in the wandering reach, and facies Sp and St are dominant in the meandering

reach. These trends are accounted for by the variety of chute channel types, as indicated by
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TABLE 7.5 SUMMARY STATISTICAL ANALYSIS OF THE 1985 CHUTE LOCALE DATA SET BY PLANFORM

Facies type  Number of Facies *%presence Average bed Upward facies transitions Mean particie Mean sorting
occurrences  abundance (%) by holes thickness (cm) found in 220% of occurrences size (D units) value
BRAIDED
Fm 9 8 38 74 Fm .43; Sw .43 3.8 20
(o] 2 1 15 2.0 Sw 1.00 27 3.0
Sw 14 22 54 11.9 Sr .36 3.0 25
S 13 25 77 14.7 Sw .29 3.0 2.4
Ss 10 19 48 14.5 Sw .40; Sr .40 28 23
Sh 1 3 15 21.0 Ss 1.00 27 3.0
Sp 3 8 15 19.0 Sr .33; S8 .33; Sp .33 1.4 3.0
St 8 15 31 14.4 St .50 22 27
Gm 0 0 0 - - - -
G 1" - 85 - Ss .30; Sr .20; Sp .20; St .20 . -
Number of holes 13 Overall mean particle size 2.740 Upward particie size ratio 1 :0.72
WANDERING
Fm 23 4 75 3.4 Sw .30; St .26 3.7 24
(o] 14 3 58 38 Sw .64; Sr .29 27 2.7
Sw 50 39 83 15.0 Sw .36; Sr .29 3.0 22
Sr 38 23 92 1.8 Sw .32; Sr.29 27 24
Ss 13 7 58 9.8 Fm .48 2.8 2.2
Sh 2 7 17 82.0 Fm .50; O .50 24 20
Sp 5 10 42 36.4 O .20; Sw .20; Sr .20; Ss .20; Sp .20 0.8 3.1
St 4 8 25 37.3 Sw .50; Sr .50 2.7 25
Gm 0 0 0 - - - -
G [} - 50 - Sw .33; 58 .33 - -
Number of holes 12 Overall mean particle size 2.659 Upward particle size ratio 1 :0.95
MEANDERING
Fm 36 9 70 10.1 Sw .37; Sr .33 35 22
(o} 23 1 52 1.7 Sw .61; Sr .28 32 2.3
Sw 72 18 74 10.2 Sr.40; 0 .21 3.1 24
Sr 94 30 89 12.8 Sr .39; Sw .28 3.1 22
Ss 14 6 44 16.0 Sw .36; Sr .36 25 1.9
Sh 2 1 4 175 St 1.00 2.5 20
Sp 25 20 41 328 Sp .38; Sr.21 0.0 3.7
St 23 15 37 271 Sr.32; S1.23 1.3 3.1
Gm 3 1 7 8.3 Sw .33; Sr .33; Sp .33 -1.0 4.0
G 17 - 63 - Sp .39; St .28 - -
Number of holes 27 Overall mean particle size 2.170 Upward particie size ratio 1 : 0.67
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variability in both facies presence by hole and average bed thickness by planform.

In comparison to downstream reaches, facies Fm, O and Sp are found in half or less the
number of holes in braided reach chutes. This simpler facies composition reflects the increased
depths of chutes infills in bars downstream. Average facies bed thicknesses are more variable by
planform in chutes than in any other locale, with many facies ranging in thickness by up to 300%
between planforms. For example, facies Fm and Ss are notably thinner in the wandering reach
than elsewhere, while facies O, Sw, Sh and St are notably thicker. Facies Sp and St units are

considerably thinner in the braided reach.

Upward facies transitions in the chute locale vary notably by planform, although lower
energy facies are the preferred next-state in all instances other than from basal gravels. A wide
range of depositional conditions is evidenced in chutes upon bars in the braided reach. Chutes on
Basbar are dominated by facies Sw, with thick facies F'm units in bar-tail run-off chutes.
Conditions on Roadup are highly variable, with a mix of high and lower energy chute infill. Chute
deposits on Statbar, however, are clearly high energy deposits made up largely of medium sand

facies St and Sr units.

Chute units form a very prominent part of contemporary bar sediment sequences in the
wandering reach. On Upash, chutes often have a very high energy coarse sediment infill, whereas
the proportion of lower energy facies is much greater on Tflent and Fallbar, often with many thin
facies Fm units. Only in the meandering planform are upward transitons from basal gravels
clearly to high energy facies (Sp and St). There are two major chute units on point bars, with bar
head chutes characterized by coarse, high energy facies (typically St) while tail chutes are made up
of fine sand, lower energy units. Particle sizes within the major chute unit on Dcamp fine notably
down-bar, the proportion of lower energy facies increasing in that direction. In both head and tail

chute units, upward particle size trends are irregular.

Average facies particle sizes within the chute locale are consistent by planform in all
instances other than the finer nature of facies O and the coarser nature of facies Sp and St in the
meandering reach. The latter tendency reflects the higher proportion of gravels in this reach. In
all cases, 0.5¢ modal particle size groups for each facies vary at most by 0.5¢ by planform. The
previously discussed 0.5¢ differentiation between facies Sw and Sr in flood cycle deposits is

apparent in the braided and wandering data sets, but not in the meandering reach. Average facies
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sorting values are roughly equivalent by planform, but facies O and Ss are better sorted, and facies
Sp and St less well sorted in the meandering reach. Overall mean particle sizes increase by >0.5¢
from the braided to the wandering chute deposits. Whereas the braided and meandering sediment

sequences are generally upward fining, wandering sediment sequences are upwardly consistent.

In summary, although summary statistics indicate that chute deposits are quite variable by
planform, visual analysis of facies and particle size characteristics within chutes by bar position
indicates that several types of chute can be distinguished. Of primary significance is the distinction
between bar head and tail chutes in the meandering reach, which are characterized by high and
lower energy fills respectively. As such, observed sedimentologic variability in this locale is more a

function of chute type than planform type.

7 : 2 : 5 Sedimentologic variability of the platform locale by planform

Sedimentologic conditions in the platform locale are quite different to those described for the
other three locales. In all three planform reaches, the proportion of high energy facies is greater
than the proportion of lower energy facies. This effect is especially pronounced upon bars in the
meandering reach, where the ratio of high:lower energy facies is 75:25 (see Table 7.6). The
sedimentologic make-up of bar platform deposits is quite similar in the braided and wandering
reaches, but the abundances of facies Sw and Sr are lower, and facies Sp and St greater, in the

meandering reach.

The variation in facies abundance among the meandering and other planforms is explained
primarily by facies presence/absence by hole, although facies Fm, Sr and St also are considerably
thicker than usual within meandering reach platform deposits. While facies Fm and Sr are
observed less frequently in meandering reach platform holes than elsewhere, facies St is more
prevalent (being found in almost 60% of holes), and is more abundant in this locale than under any
other field condition. Differences between braided and wandering bar platform locale deposits are
particularly apparent for facies Fm and St, which are considerably thicker in the braided reach.
Other facies vary notably in presence by hole between these two planforms, but this effect is
compensated for by the differing average facies thicknesses. For example, facies Sw is found twice
as frequently in the wandering reach, but has half the average thickness of units observed in the

braided reach.
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TABLE 7.6 SUMMARY STATISTICAL ANALYSIS OF THE 1985 PLATFORM LOCALE DATA SET BY PLANFORM

Facies type  Number of Facies Y%presence Average bed Upward facies transitions Mean particie Mean sorting
occurrences  abundance (%) by holes thickness {cm) tound in 220% of occurrences size (@ units) value
BRAIDED
Fm 20 5 39 6.5 Sr .28; Sw .21; Ss .21 36 24
(o} 4 0 8 1.8 Sw .75; S8 .25 32 3.0
Sw 28 21 44 20.0 Sr .31 3.1 26
Sr 37 17 64 122 Sr .44; Fm 22; Sw .22 28 2.5
Ss " ] 28 1.2 Fm .38; Sp .25 1.8 2.7
Sh 2 3 -] 4.0 Sw .50; St .50 22 20
Sp 28 N 58 20.0 Sr .29; Sp .25; St .21 0.2 3.4
St 18 15 42 226 Sr .35 0.8 34
Gm 8 2 14 10.7 Sw .33; Sr .33 -1.0 4.0
G 29 - 81 - Sp .47, Fm .23 - -
Number of holes 36 Overall mean particle size 1.600 Upward particle size ratio 1 : 0.87
WANDERING
Fm 31 2 44 38 Sw .39 35 24
(o] 38 2 59 25 Sw .68 29 2.2
Sw 123 23 82 10.8 Sw .34; Sr .23 28 24
Sr 102 21 95 121 Sr .32; Sw .22 28 2.6
Ss ) 8 54 14.7 Sr .28 23 25
Sh 15 5 26 17.3 0 .25; 5w .25 29 23
Sp 58 30 74 29.4 Sp 29; Sr .25 1.4 2.9
St 23 7 38 17.6 Sr .39 21 28
Gm 7 3 15 24.1 Sp .29 -1.0 40
G 20 - 51 - Sp .30; Ss .25; Sr .20 - .
Number of holes 39 Overall mean particle size 2.180 Upward particle size ratio 1 :0.77
MEANDERING
Fm 5 1 10 12.0 St.75; Sw .25 39 20
(o] 1 1 13 33 Sp .55; Sw .27 25 20
Sw 34 10 42 15.7 Sp 24 27 25
Sr 35 12 48 174 Sw .32 28 24
Ss 8 2 15 14.0 Sr .50 1.2 25
Sh 7 1 12 10.7 Fm .33; Sp .33; 8t..33 1.3 21
Sp 77 42 52 28.0 Sp .55 0.9 28
St 38 ) 58 422 Sr.36; Sw .29 05 3.2
Gm 1 0 2 20.0 St 1.00 -1.0 40
G 34 - 65 - St.48; Sp .32 - -
Number of holes 52 Overall mean particle size 1.219 Upward particle size ratio 1 :0.67
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Upward facies transitions in the platform locale are very inconsistent by planform.
Irregularly interbedded high and lower energy facies sequences, indicating a range of scour flow
conditions and random preservation of units, are found in the meandering platform locale.
Wandering reach platform holes are more regular in trend. In the braided reach basal gravels are
transitional upwards to facies Fm in 23% of instances, reflecting sediment reworking and

replacement.

Platform deposits in all three planform reaches are made up primarily of coarse sand, high
energy facies in irregular upward sequences. Whereas the bars studied in the braided reach
exhibit little internal organization in the platform locale, there is some within-locale zonation of
facies and particle size characteristics upon bars in the wandering and meandering reaches. Upash
and Fallbar both exhibit down-bar coarsening within recent longitudinally accreted platform units.
Some zones are characterized by upward fining sequences, while others have coarse units in
mid-sequence. In contrast, platform holes on Tflent have relatively few high energy facies.
Platform deposits upon point bars exhibit clear patterning around each bend, with head, mid-bar
and tail locales. The tail unit is notably finer. Whereas platforms on Bigbar and Uppil are made
up largely of facies Sp units, facies St predominates on Dcamp and Pillbend. Sediment sequences

typically fine upwards.

Average facies particle sizes of lower energy facies are fairly consistent for each planform,
but quite variable for high energy facies. The modal 0.5¢ particle size groups for facies Sw is
2.5-3.0¢ for each planform, the same as for facies Sr (i.e. the distinct particle size cyclicity is not
apparent). Facies Ss and Sh are coarser in the meandering reach, facies Sp coarser in the braided
reach and facies St coarser in the braided and meandering reaches, reflecting the variable
proportions of fine gravels observed for each facies. Overall mean particle size is notably finer in
the wandering reach, as fewer holes were dug in open platform deposits in this reach. In all

instances, upward particle size ratios are clearly indicative of upward fining conditions.

In summary, the platform locale is consistently coarser and made up of higher energy facies
than observed for other locales. Although all three planform reaches are similar in this regard, the
wandering and meandering reaches exhibit much clearer within-locale spatial patterning of facies

associations.
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7 : 3 Summary of locale sedimentologic variability by planform

The sedimentology, abundance and spatial association of the four locale types are assessed
by planform in Table 7.7. Platform deposits predominate upon bars in the braided reach. These
are primarily gravel and sand plateaux, with isolated remnants of established floodplain units upon
within-channel bars and larger remnants against the valley walls. Mid-channel bars are heavily
dissected by chute channels of differing magnitudes, with many discontinuous ridges. Locale
spatial associations are generally haphazard upon Basbar and Roadup, but are much more regular
upon Statbar. In the latter case, conditions are transitional with the wandering reach bars, as

locales are oriented linearly down-bar.

Locale spatial organization is much more ordered in the wandering reach. The established
floodplain locale is much more prevalent, as the channel switches from one side of the valley to the
other, with large floodplain segments within these loops. Within-channel and bank-attached bars
are characterized by large platform areas reflecting recent accretional units. Over time these have
been reworked and dissected by chute channels, resulting in discontinuous marginal ridge and
established floodplain locales. These typically are oriented either in parallel fashion with the main

channel or diagonally adjacent to major chutes.

In the meandering reach, the single channel of the Squamish River is presently located
against the western valley wall, resulting in 2km of laterally continuous established floodplain.
Other than a large former channel adjacent to the eastern valley wall, there is little evidence of
contemporary reworking of these sediments. In zones of recent sediment accumulation upon point
bars, locales are differentiated in curvilinear manner around the bend (Figure 7.1), indicative of
sediment reworking by secondary chutes. Discontinuous ridge and swale deposits are found at the
floodplain/bar margin; these become relatively indistinct away from the main channel due to

flood-related infilling mechanisms.

Facies composition and particle size characteristics of the established floodplain, ridge and
chute locales are very similar in the overall data set. In turn, these are quite different from the bar
platform deposits, which are considerably coarser and have a far larger proportion of high energy

facies. However, internal facies organization is relatively consistent by locale.
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As deposition upon ridges is tied to a specific geomorphic process (Figure 7.2), their
composition and character are fairly consistent by planform. Similarly, the character of bar
platform deposits varies little by planform, with coarse sand, high energy facies dominant. These
sequences typically are upward fining, with either trough or planar cross-bedded basal units. The
wide range of chute types, and their different locations upon bars, results in their variable
sedimentologic character. The nature of their alluvial fill depends also upon the manner of channel
shifting or abandonment. As such, a suite of chute-style deposits can be determined, with lower
energy fill (e.g. Tflent, Fallbar), upward fining fill (e.g. Pillbend), or complex intermingled
sequences (e.g. braided bars, Dcamp, Bigbar). In all instances there is much evidence of sediment

reworking; the end product merely reflects the local sequence of flow events.

In the established floodplain locale, contemporary processes infill existing relief, as
vegetation traps lower energy suspended load from floods, whereas subsurface sediments have
been deposited by a wide range of processes, resulting in little consistency of composition by bar or
planform in established floodplain locale deposits. In both the braided and wandering planforms,
established floodplain locale deposits show much evidence of reworking (Table 7.7), with highly
irregular vertical sequences in the braided reach, and upward fining sequences in the wandering

reach (with much sedimentologic variability between bars).

7 : 4 Sedimentologic differentiation of contemporary bar deposits by planform

Analysis of contemporary bar sediments for three different planform reaches of the
Squamish River has shown that sedimentologic differentiation of deposits by planform cannot be
made from analysis of internal facies organization, summary facies statistics, or locale
composition. River planform facies models are conceptually compelling as they synthesize complex
data sets into simple norms, thereby providing excellent teaching guides and bases for comparison.
However, Markov analysis of one-dimensional data sets is very misleading. Similarly, summary
sedimentologic statistics evaluated by planform are largely meaningless, as they mask notable
between-bar variability. This is apparent in terms of both facies abundance (lower energy facies
making up 61% of holes on Fallbar but only 30% on Uppil) and within-bar sediment patterns.
However, sediment trends at the channel bar scale are not consistent with trends observed

elsewhere (Table 6.14); rather, they conform to field morphologic units, referred to as locales.
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It is evident from these findings that three-dimensional approaches to sedimentology provide
far greater insight into environment of deposition. Locale analysis provides an alternative form of
architectural element analysis, in that locales are field morphologic units defined by geomorphic
phenomena. They are applied at a smaller scale than units envisaged by Miall (1985, 1987). The
abundance and spatial patterning of locales varies notably by planform. For example, whereas
braided depositional environments are dominated by platform locales, with haphazard spatial
associations of other locales, meandering depositional environments are characterized primarily by
established floodplain locales, with well-defined spatial associations of other locales in curvilinear

fashion around bends.

Each hole in the 1985 data set represents conditions within one particular locale type.
However, in accordance with Walther’s dictum, those locales found in horizontal juxtaposition
should be found superimposed upon each other in vertical sequence, given unidirectional channel
migration and preservation of all units. Given the differing abundances and spatial associations of
locale by planform, sedimentologic differentiation of planforms can be predicted at this scale,
contingent upon the sedimentologic distinctiveness of individual features. In order to evaluate this
principle, the lateral continuity of sediment units and their three-dimensional configuration needs
to be assessed. Planform sedimentologic analysis at the locale (element) scale is carried out in part

C of the thesis.
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PART C
SEDIMENTOLOGIC ANALYSIS AT THE ELEMENT SCALE
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CHAPTER VIII
TRENCH ANALYSIS OF LATERAL SEDIMENTOLOGIC VARIABILITY

8 :1: 1 Introduction

Part C of the thesis examines the utility of broader scale sediment units (elements) in
differentiating between river depositional sequences. Emphasis is placed upon the scale,
morphology, position and compositional character of elements, and how these components vary
with planform in the study reach. The lateral continuity of facies units and elements are assessed
by trench analysis in chapter 8. The longitudinal aspect and downstream continuity of elements

are analysed for bank exposures in chapter 9.

8 :1: 2 Introduction to element analysis

Analysis of the 1985 data set showed sediment sequences upon contemporary river bars of
the Squamish River to exhibit pronounced lateral facies discontinuity, regardless of planform type.
This results largely from reworking of sediments by chute channels. Sediment sequences relate

much more closely to field morphologic units (locales).

Locale analysis cannot be applied directly to the 1986 data set. Sediment sequences are
examined in trenches dug at the contemporary bar/established floodplain margin. In these better
developed (older), depositional environments, locale deposits are stacked in vertical sequence.
Hence, an alternative, broad scale sediment classification scheme was developed (see Table 4.7).
The ’established floodplain locale’ concept was abandoned, and reference made to the formative
mechanisms of vertical accretion. These mechanisms produce laterally and longitudinally
extensive suites of deposits at, or close to, the floodplain surface, namely flood cycle deposits and
sand sheets. Six "elements” have been defined, each of which relates to a specific geomorphic
process : channel framework gravels, bar platform deposits, chute deposits, ridge deposits, flood

cycle deposits, and sand sheet deposits.

Channel framework gravels are basal deposits which, for practical reasons, are not
examined in this study. Bar platform sediments are within-channel deposits, located immediately

above framework gravels in vertical sequence. As described in chapter 7, they are composed
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primarily of coarse sand, high energy facies, regardless of either bar type or channel planform, and

vary significantly from other locale deposits.

Chute deposits exhibit a wide range of sediment types dependent upon their location and the
manner of channel migration. Ridge deposits are marginal to chutes and bar platforms, and result
from a mix of within channel and overbank mechanisms associated with accretion on the inner
bank as bends migrate (see Figure 7.2). Flood cycle deposits are suites of overbank (lower-energy
flood related) sediments. Higher energy overbank deposits, in which coarser, loose sands are
washed and dispersed onto floodplain surfaces in sheets during flood events, are termed sand sheet

deposits.

To examine the differing scale, character and spatial relationships between these elements
nine trenches were dug at the contemporary bar/established floodplain margin in differing
environmental settings (Table 4.10). In trenching analysis, elements were outlined and the lateral
continuity of individual facies units assessed by analysis at sampling points 1-3m apart, both

within and between elements.

Prior to analysing the sediment character of each trench, summary statistics for the 1986
data set are compared with those for the 1985 data set (section 8.2). The sedimentology of locales
and elements are compared. Secondly, statistical measures and visual representations are used to
examine facies, particle size and element characteristics for each trench (section 8.3). Analyses
from each trench are compared in section 8.4, both down-valley and by planform. Finally, the
value of geomorphologically-derived elements is assessed in section 8.5, and a summary model of

element association is proposed from the Squamish River data.

8 : 2: 1 Summary statistical analysis of the 1986 data set

Facies composition, abundance and character for all 1986 trench data are summarized in
Table 8.1. Trenches are composed primarily of lower energy facies, with facies Fm, O, Sw and Sr
combined occupying 65% of all trenches. Facies Sw is especially abundant, being observed in
virtually 90% of all analysis points and taking up almost 40% of all trenches. Facies Sw and Sr
are roughly of equal average thickness (20cm), whereas facies Fm averages less than 10cm thick

and facies O occurs in thin litter layers (< 2cm).

140



SNIIYOIE = ¥ '[OUURYD UfEW By} LK ABME SUfI = J] “lBUUEYD UIBW 6Y) 8P sy =1L ‘rejnBeu = | ‘Axem = p ‘uere = 3 {5.)

Bujuesreod psemdn = "5’ ‘Bujuy premdn = ‘4 ‘pepeib Ajewiein = ‘©| Hun =y *

(Wd uy) Yipm = pp “Yidep = g ‘YiBuey = 7 : uojsuew|p yBnouy pue ejddy eBesery (9.)
PRIUOS feuoiiepeld = © ‘1euoo peujjep Adeys = s (v.)

SpUEq UMOJQ YiEP = EHQ ‘SPUEQ UMOIQ Yrep pue B = NaNT Hoelq = 8 ‘umoiq 1Bl = 17 “18evrep = G yym ‘Bujpeys umoiq yep jo eouenbes |euoniepesn = g-1Ng (€.)
(ww w) © pue Wy se|ey 10) senjea xewq ebeleay (1.)

LL=Qa'69=m ISiE=qg‘ot =1 15 (8)

| %04

M %05 ‘3 %0S
1L %EE ‘I %EE

IL %2 ‘I %12 "Il %92 ‘M %92
L%y

1 %0S
1 %L9

I %L

1L %22 ‘3 %22 | %Y
1L %0€ 11%0¥

3 %02 ‘1L %0V

1L %8S
1 %12 "Il %62 1L %.E

%L
M %65

1L %62
M %12 ‘1L %8E

(s.)
adeys (q

y=H @)

08°0: | oflel 8zis ejjured premdn

S %SL [ ] - -
S %001 1wy
S %e8 £9° MS - -
S %001 Ze wy
S %89 1€ MS N %6 0 %9L
S %05 128
S %9% 1E° MS N %8L "D %IE ‘H %GE
S %00} ¥9' wy 210 %42 ' %9 H %2 "Dl %¥9
S %001 62" Wy
S %05 2c Mg nN%ie N %59
S %6 6c Wy N %99 ‘D' %EY ‘H %I
S %28 g2 wy
S %85 8g’ MS AN %EZ "1 %¥2 'EN0 %EE 'Ol %ZE ‘H %99
S %65 ve' M
S %16 ¥ IS g %18 H %96
S %€l 2 s
S %¥L Sy MS A %12 '€X0 %ED D %ZZ ‘N %IE ‘H %0V
$82US1IN00 jO
(v.) %022 ) punoj (€.) 2.
uopujeq {e  suopsues 10000 qw juewipes
eoeyns reseq sejor) premdn euopald JURURLIOPSId

9t

62

6¢c

9e

se

se

€

enjea
Bujuos
ueepy

90

9l

g

6l

Le

(X4

0e

12

(1)
(syun )
ozs
epojued
ueen

602

ove

voy

s'62

LL

68l

902

6’}

(4]

{wo u)
899Iy
peq

eBeiony eooueseid %  sepeqy

86

se

€l

18

0L

wiod

9l

ol

oL

e

(%)

8-}

6l

6L}

9z

9tl

@ez'2 ezs edjued ueew ||lJBAQ €8 siujod ssAfeue jo JequinN

o)

wo

)

wy

si9Areue Aq eouepunge seduennscdo  edA}
jo lequnN  sejoey

37YOS §310V4 3HL LY 13§ VLVQ HON3IHL 9861 IHL 40 SISATYNY TVYOIUSILYLS AHYNNNS

1's 378vYL

141



Of the high energy facies, facies St is most prevalent, being found in almost 50% of analysis
points, taking up almost 20% of all trenches. Facies Sp units typically are thicker (averaging over
40cm), but are notably less abundant. Facies Gm and Sh each occupy only 3% of all trenches, the
greater presence of facies Gm being countered by the greater average thickness of facies Sh.
Finally, facies Ss occurs in almost 30% of all sample locations, characteristically occurring in thinly

bedded sequences (averaging <8cm).

The distinction between lower and high energy facies is evidenced clearly by their average
particle size, mean sorting value, sediment mix and color characteristics. Lower energy facies are
notably finer and better sorted than high energy facies. The modal particle size group for facies
Sw, Sr and O is 2.5-3.0¢ (facies Fm is 0.5¢ finer), whereas average particle sizes for high energy
facies are roughly 1.0¢ coarser. As observed in the 1985 data set, however, facies Sw is slightly
finer than facies Sr. Typically, lower energy facies are heterogenously mixed, dark brown
sediments, whereas high energy facies are light brown, internally graded sediment sequences.
Facies organization in trenches indicate up-sequence reduction in energy of deposition, in which
facies Sw, Fm and Sr dominate as preferred next-states. Accordingly, particle size trends
generally are upward fining. In all instances, basal contacts are predominantly sharply defined,

with a wide range of outlines.

Trenches studied are made up primarily of ridge and chute deposits in equal proportions
(making up 55% of sediment sequences combined; Table 8.2). Platform sands occupy almost 20%
of trench sequences, whereas overbank depositional mechanisms (flood cycle and sand sheet
deposits) account for 25% of exposures. Each of these overbank units is not observed in three of
the nine trenches dug. Platform and chute deposits each are missing in one trench, but ridge and
framework gravels are observed within each trench. Platform, ridge and chute deposits have
roughly equivalent average thicknesses (about 0.6m), whereas flood cycle and sand sheet units are

notably thinner (<0.35m).

Platform sand deposits are considerably coarser and less well sorted than the other elements.
Ridge and flood cycle deposits have modal particle size groups of 3.0-3.5¢, while sand sheets are
0.5¢ coarser. In contrast, the average particle size value for chute deposits is almost 1.0¢ coarser,
and the particle size distribution is evenly spread among the 0.5¢ particle size groups. Average

sorting values for these four elements are fairly consistent. Within-element particle size trends are
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clearly upward-fining in platform and ridge elements. This effect is considerably less pronounced

in other elements.

Sediment mixes are predominantly heterogenous within all elements except platform
deposits (where sequences characteristically are internally graded). Within-channel deposits (i.e.
platform sands and chute elements) are primarily light-brown sands, as are the vertically accreted,
sand sheet units. In contrast, ridge and flood cycle deposits are darker brown sediment sequences.
Larger than average trough dimensions are found in the platform and chute elements, whereas

ripple marks are larger in the sand sheet element than elsewhere.

Platform and chute sands are found above the framework gravels, transitional upwards to
ridge, chute and sand sheet deposits in roughly equal abundance. Chute and ridge deposits are
marginal features, and both grade upwards to flood cycle deposits, with sand sheet units atop. In
all instances, basal contacts between elements are sharply defined, but shapes of surfaces vary
markedly. Contacts to and from ridge and chute deposits are predominantly tilted, while contacts
to and from other elements are not characterized by any particular shape. One exception to this is

the irregular nature of surface contacts above the channel gravel element.

Over 90% of flood cycle deposits are made up of alternating sequences of facies Sw, Sr and
Fm, with occasional Sh, O and Ss units (Table 8.3). Lower energy facies also make up 75% of sand
sheet deposits. There are very few upward facies transitions, as each unit is made up of one or two
facies types (especially facies Sr, Sw and St). In both ridge and chute elements, upward transitions
from facies Sp and St are spread among three or four options, suggesting that there is little
consistency in the specific pathway of upward facies association. Lower energy facies predominate
in the ridge element, making up 75% of these deposits (facies Sw alone accounts for 61%). In
chutes, upward facies transitions from high to lower energy facies are quite spread among facies
types, with lower and high energy facies in equal abundance. Facies Sw, Sr and Fm predominate
as the preferred next-facies state. Upward facies transitions within the bar platform element are
much more irregular than demonstrated elsewhere, with transitions from high to lower energy
facies and vice versa. Lower energy facies are considerably less abundant than elsewhere,

occupying 26% of platform sands. A characteristic vertical facies sequence cannot be defined.
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8: 2 : 2 Interpretation of 1986 data set summary statistics and comparison with the 1985 data set

Several differences are apparent between the hole and trench data sets (compare Tables 5.5
and 8.1). The proportion of lower energy facies is significantly greater in the trench data set, as
trenches were dug at the bar/floodplain margin, typically among ridges and chutes away from the
main channel. The proportion of Sw is considerably greater in trenches, whereas the proportion of
facies Sr is notably reduced. This reflects relative energy of deposition, as bar marginal areas
experience a greater proportion of waning flood flow depositional conditions. The proportion of
facies St is greater and facies Sp smaller in the 1986 data set. Facies Sp were observed primarily
upon bar platforms in the 1985 data set. These deposits are not preserved in trenches, as chute
channels rework sediments, redepositing a series of facies St units and lower energy depositional

sequences away from the main channel.

Average bed thicknesses are similar for the two data sets, although facies Sw and Sp have
thicker beds in the 1986 data set, whereas facies Ss beds are thinner. Particle size and sorting
characteristics are virtually identical for lower energy facies in the hole and trench data sets.
Facies St, Ss and Sh are 0.5¢ coarser in the 1986 data set (on average), whereas facies Sp units
are 0.7¢ finer. These differences are misleading, however, as 0.5¢ particle size modal groups are
very similar for the two data sets, and average values are offset by the variable proportions of
samples in the fine gravels class. Facies Sh and Sp are also less well sorted in the trench data set,
possibly reflecting disruption by vegetation during deposition. The overall mean particle size is
0.12¢ finer for the 1986 data set, reflecting these lower energy depositional conditions. Upward

particle size ratios are consistent, indicating upwardly fining sediment sequences in both data sets.

Internal facies organization is indicative of up-sequence reduction in energy of deposition in
both the hole and trench data sets, the only apparent difference being the increased frequency of
upward transitions to facies Fm from high energy facies in the trench data. This indicates that
sediment sequences at bar margins are more prone to alternating sequences of high and lower

energy depositional units than is the case upon contemporary bar platforms.

In summary, facies and particle size characteristics, and their organization, are similar for
the hole and trench data. In both cases, sequences are primarily upward fining with respect to

energy of deposition, with upward transitions from gravels to high energy facies and lower energy
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facies atop. In neither case, however, are specific up-sequence pathways apparent at the
individual facies scale; rather, complex intermingling of facies types is dominant, with lower
energy facies more prevalent in the trench data set. These differences are explained by the
location of trench samples at the bar/floodplain margin as opposed to upon the contemporary bar

platform.

8 :2: 3 Comparison of 1985 locale analysis with 1986 element analysis

Summary statistical analyses of the 1985 locale data set (Table 7.2) and the 1986 element
data set (Tables 8.2 and 8.3) are compared in Table 8.4. Although the established floodplain locale
compares directly with neither the flood cycle nor sand sheet element alone, there is a strong
degree of agreement when these two elements are combined. Differences in facies abundance are
explained by the greater proportion of coarse, high energy facies at the base of sediment sequences
in the established floodplain locale, which are incorporated into other elements in the 1986 data set.
Particle size characteristics are very similar, and upward facies transitions are almost identical for
the flood cycle element and established floodplain locale, with complex intermingling of lower
energy facies. The sand sheet element is rather different, however, as there are few internal

upward facies transitions.

Facies abundances within chutes are very similar in the two data sets, other than the
increased proportion of facies St in trenches, at the expense of facies Sr. This indicates that chutes
observed in the trench data set experienced higher energy depositional flows. An alternative
hypothesis would propose that facies St is preferentially preserved at the base of chute channels
away from the main channel. The greater proportion of high energy facies is reflected by thé
coarser average particle sizes within chutes of the trench data set. Many of the chutes examined in
the 1985 data set were low energy depositional environments, such as run-off channels at the tail
end of point bars. The wide spread in the 0.5¢ particle size distribution for chutes observed in
trenches indicates that a broad range of depositional conditions occur within this element.
However, sequences in trenches are not upward fining, in contrast to the sediments infilling chutes
for the 1985 data set. Upward facies transitions in chutes are similar for both the hole and trench
data sets, other than the greater frequency of transitions to facies Fm in chutes observed within

trenches. This indicates that the sediment sequences are more complex in these locations, with
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many thin, waning-stage flood deposits.

The proportion of facies Sw is considerably greater in the 1986 ridge element deposits than
in the 1985 deposits, at the expense of facies Sr, Sp and St. This, along with the reduced overall
particle size for the 1986 ridge data set, is explained by the manner of ridge accretion and
preservation of sediments. The flood event responsible for deposition of ridge sediments in Figure
7.2, resulted in a lateral gradation in facies and particle size characteristics, with finer sand, lower
energy facies deposited on the ridge top away from the main channel. High flow events later that
summer removed the coarser sand, high energy facies adjacent to the main channel, leaving the
finer ridge sediments aloft. As the 1986 trench sequences are at contemporary bar margins,
rather than upon bar surfaces themselves, coarse fractions have not been preserved to the same
extent in ridges. Upward facies transitions to lower energy facies are dominant in both the hole
and trench data sets, although upward fining particle size trends are better developed in the trench
data set. Given their different sample locations, ridge deposits are very similar in the 1985 and

1986 data sets.

Bar platform deposits in the trench data set differ from the hole data set in terms of facies
abundance, internal facies organization and particle size characteristics, due to processes of
sediment reworking. Thick, contemporary bar platform sand units are not observed at the base of
trench sequences. Rather, the increased proportion of facies St, coarse overall particle size, and
intermingled nature of high and lower energy facies, indicate that sequences are severely disrupted
as channels laterally migrate and bar platform deposits are preserved. Furthermore, differences
are accounted for by the manner of analysis for the two data sets. In locale analysis, lower energy
overbank mechanisms operating upon the bar platform are included in the platform locale, whereas
these sediments constitute flood cycle or sand sheet deposits in the 1986 trench data set. Among
the five elements studied, however, the proportion of high energy facies is greatest, overall particle
sizes are coarsest, upward particle size sequences are most clearly upward-fining, and depositional

units are indicative of up-sequence reduction in energy, for the platform locale in both data sets.

In summary, the sedimentologic nature of 1985 locales and 1986 elements is very similar in
terms of facies abundance and their internal organization and particle size characteristics. These
properties, along with sediment mix, color and basal surface character, all provide insight into

environment of deposition and are summarized for each element in Table 8.5. Examination of this
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table, along with Table 4.7, indicates that when different aspects are combined, individual elements
are quite distinctive. The sedimentologic criteria described for each element in Table 8.5, along
with the scale, morphology and spatial association between elements, are assessed for each trench

in subsequent sections.

8 : 3 : 1 Within-trench sedimentologic analysis : Basbar trench

Basbar trench is the only trench dug within the braided section of the study reach (Figure
4.1). Site characteristics and within-bar sedimentologic variability upon this compound,
mid-channel bar are outlined in section 6.6.2. Sediment sequences exhibit no consistent trends in
facies type laterally, down-bar or vertically. Fine sand, lower energy facies are dominant. The
trench was dug at the channel margin perpendicular to an actively eroding bank. Local vegetation
was well established floodplain (= 20 years old), but could be pushed over easily due to the shallow

depth and loose composition of surficial sands.

Basbar trench is dominated by lower energy facies, which make up 80% of sediment
sequences (Figure 8.1, Table 8.6). While facies are complexly intermingled, with pronounced
lateral discontinuity (event stratigraphy; Ager, 1983), element organization is quite
straightforward (Table 8.7). The extensive, coarse sand and gravel plateaux, composed of high
energy facies, observed adjacent to Basbar, are dissected by numerous chute channels, and are not
preserved in established floodplain zones; indeed, facies St, Sp and Ss are not observed in Basbar
trench. Flood cycle deposits extend atop basal gravels across the trench, gradually thickening to
about 1.0m depth away from the main channel. The basal contact is sharply defined, and rises by
0.5m towards the centre of the trench, reflecting the former bar surface. Flood cycle deposits are
composed of thinly interbedded lower energy facies (Table 8.8); the degree of interbedding increases
away from the main channel, with some facies Fm units traceable across the trench. The
proportions of facies Sr and Fm are notably higher than for the overall data set, and facies Sr, Sw

and O are thinner than elsewhere.

Sedimentologically simple, laterally discontinuous, wedge-shaped sand sheet deposits (with a
maximum thickness of 0.5m), have been deposited atop flood cycle deposits, with a gradually
sloping basal contact. These deposits thin out as energy of deposition decreases away from the

main channel. They are composed primarily of facies Sr (72%), with a higher proportion of facies
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FIGURE 8.1 BASBAR TRENCH
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O than observed elsewhere (5%). As facies Sr is slightly coarser than other lower energy facies,
particle size trends coarsen upwards. The shallow depth of the trench, along with the disturbed
history of sediment reworking and emplacement of loose sand sheets, have resulted in conditions
which are not conducive for vegetative survival, and local cottonwood can be easily pushed over.
Finally, ridge deposits are observed only at the analysis point adjacent to the main channel (i.e.
they are less than 2m wide). They have a steeply curved contact above the sand sheet and flood

cycle elements and are composed of a facies Sh-Fm-Sw transitional unit.

Basbar trench is composed of a mix of dark and light brown, heterogenously mixed, fine sand
units. Average particle sizes are similar for all three elements, although ridge sands are notably
better sorted. There are no evident lateral particle size trends. Average facies Sr dimensions are

consistent with the overall data set for both the flood cycle and sand sheet elements.

Flood cycle and sand sheet elements are both overbank depositional mechanisms. As both
are observed upon a mid-channel bar, however, they are produced by within-channel processes.
Hence, the conventional notion differentiating within-channel and overbank deposits needs to be
re-evaluated. Perhaps the latter should be viewed as unconfined flood-related deposits which, in
turn, can be differentiated into lower energy (flood cycle) and high energy (sand sheet) components.
Flood cycle deposits are thinly interbedded mixes of facies Sr, Sw and Fm, whereas sand sheet

units have a simpler composition, in this instance dominated by the facies Sr-O-Sr linkage.

8 : 3 : 2 Analysis of Upash trench

Upash is a mid-channel compound bar at the upstream end of the wandering channel reach
(Figure 4.1). The main channel has shifted position on either side of this bar over the last 40
years. Contemporary deposits are primarily thick sequences of medium-coarse sand, high energy
facies, with much local scale variability (section 6.6.5). Upash trench was dug among
well-established floodplain (=25 years old) vegetation at the fringe of the coarse sand plateau at
the bar tail. The discontinuous ridge and swale pattern indicates that lateral channel migration

has not been uniform.

The mixed sediment sequences observed upon contemporary bar zones are echoed within

Upash trench (Table 8.9), which is made up of roughly horizontal platform, sand sheet and flood
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cycle elements, which have been disrupted by chute channels, resulting in laterally discontinuous
units (Table 8.10, Figure 8.2). The proportion of high energy facies (especially facies St) is notably
greater in this trench than elsewhere, at the expense of facies Fm and Sw. Flood flows override
the bar top with great energy, resulting in diagonal chutes and large troughs both within chutes
and upon bar platform surfaces. Accordingly, average facies units are thicker and less well sorted,

and the overall particle size is considerably coarser in Upash trench than elsewhere.

At the western end of the trench, a 7m wide, 2m deep high energy facies infill chute sits atop
basal gravels, with flood cycle and ridge units atop. Flood cycle deposits are made up of thin, dark
brown, facies Fm units (Table 8.11), whereas the ridge unit is = 1.0m thick at the west end of the
trench, thinning notably towards the main channel, with a basal contact tilting the opposite way.
The ridge has a mixed high and lower energy facies composition, with heterogenously mixed, light

brown, medium-fine sands.

At the eastern margin of the major chute, an 0.5m thick sand sheet (composed of individual
units of facies Sr and St), forms a wedge tilting away from the main channel, above 1.5-2.0m thick
bar platform deposits. This is the basal element for 15m of the 21m trench, sitting above a basal
gravel surface which rises gradually by 0.75m towards the present channel position. Upash is the
only trench in which bar platform sands are the major element, occupying 40% of the trench.
These are composed of heterogenously mixed, light brown, mixed high and lower energy facies
(especially facies St, Sp and Sw). A second thin, discontinuous (facies St) sand sheet pinches out
out to the west (beneath the ridge unit). The platform, sand sheet and flood cycle elements at the
eastern margin of the trench have been disrupted by two small chute channels (about 4m wide, 1m
deep, with mixed high and lower energy facies infills). The upper flood cycle unit is dominated by

facies Sr.

Average element particle sizes are 0.6-0.8¢ coarser, and 0.5-0.6 units less well sorted, for
the chute, sand sheet and ridge elements in Upash trench than in the overall 1986 data set. Lower
energy facies exhibit a broad range of light and brown colors and have heterogenous sediment
mixes. This contrasts with light colored, internally graded, high energy facies units. High and
lower energy facies are both intermingled in vertical sequence and laterally discontinuous,

resulting in irregular vertical and lateral particle size trends.
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8 : 3: 3 Trench analysis upon Tflent : Tflent Head trench

Although only 1.5km downstream of Upash, and located within the same planform reach,
sedimentologic conditions upon Tflent are quite different (section 6.6.6). The bar head unit on
Tflent has recently become bank attached, and the bar has grown primarily in a downstream
direction over the last 40 years, but there has been a distinct lateral component to this growth,
indicating uniform channel migration. A diagonal series of chutes and marginal ridges are the
dominant locales upon this bar. Sediment sequences in the 1985 data set are dominated by thinly
interbedded lower energy facies. Each of the four trenches dug upon Tflent is analysed individually

in the next four sections.

Tflent Head trench was dug at a 60° angle to the main channel, oriented across the head of
the major bar unit immediately downstream of the bank-attached section, among vegetation more
than 30 years old. The channel separating these two bar units is about 10m wide at this point, but
widens considerably‘ (to about 40m) to the tail of Tflent. Two small chute channels and their
marginal ridges are the major elements in these relatively thin sediment sequences. These chutes

extend diagonally down-bar, increasing in size in that direction.

Tflent Head trench is dominated by facies Sw, which occupies 54% of the trench (Figure 8.3,
Table 8.12). Almost 75% of the trench is made up of thinly interbedded, internally graded, dark
brown colored, lower energy facies. Facies St and Sp are seldom observed and troughs have
smaller dimensions than elsewhere. Hence, the overall mean particle size for Tflent Head trench is
slightly finer than for all trench data and sequences are upward fining in nature. Average facies
particle sizes and sorting values are consistent with the overall data set, although facies Ss is
better sorted than elsewhere. Upward facies transitions in Tflent Head trench are dominated by

transitions to facies Sw.

Both facies and elements are abruptly laterally and vertically transitional in Tflent Head
trench (event stratigraphy). This is evidenced by the surficial facies at the eastern trench margin,
which changes from a facies Sr unit within the chute, to a facies Sp unit at the ridge base, to a
thinner facies Sw unit at the ridge top (in similar fashion to the ridge sequences in Figure 7.2;
section 8.2.3). Coarse sand, high energy facies are located in mid-sequence at the western margin,

as basal units in mid-trench, and are intermingled at the eastern margin. The basal gravel surface
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dips by 0.5m to the west, in the 13m trench.

The lateral and vertical discontinuities described above are accounted for by the spatial
pattern of elements within Tflent Head trench. Platform sands form a thin, laterally discontinuous
basal unit (=0.3m thick), extending over 6m, composed solely of facies Ss (Tables 8.13, 8.14).
They are truncated by two chute units, both of which are about 5m wide and 1m deep. These have
variable internal compositions, with facies St, Sw and Sr dominant. At the western margin an
0.4m thick sand sheet, composed solely of facies Sr, sits atop the chute. This unit has been eroded
by the more recent chute channel. Ridge deposits, composed largely of facies Sw and Fm, are
marginal to the chutes at either end of the trench. Chute and ridge elements combined occupy 84%

of Tflent Head trench.

Average particle sizes and sorting values for each element vary considerably from the
overall data set. Sand sheet and platform sands are finer and better sorted, whereas ridge deposits
are coarser. -Ridge deposits are primarily heterogenous or uniform, and dark brown in color,
whereas other elements are made up of light and dark brown banded beds with internally graded
sediment mixes. Basal contacts between elements are sharply defined, other than from the

platform element, and generally are tilted or irregular in shape.

8 : 3 : 4 Analysis of Tflent Mid-1 trench

Tflent Mid-1 trench was dug in a similar environment to Tflent Head trench, among
vegetation about 25 years old, and diagonally oriented chute channels. The main channel is located
about 10m beyond the western margin of the trench, and a major secondary channel lies about
30m to the east. The surface chute that runs through Tflent Head trench is located at the eastern
margin of Tflent Mid-1 trench. Although element proportions in these two trenches are virtually
identical, their facies compositions are very different, as chute units in Tflent Mid-1 trench have

high energy facies infills.

There is a wide range of facies types in Tflent Mid-1 trench, with high proportions of facies
St, Sp, Sr and Sw (Table 8.15). High energy facies predominate, however, occupying almost 65%
of the trench. This, along with the fact that particle sizes are consistent with the overall data set

for lower energy facies, but coarser for facies Sh and Sp, accounts for the coarser overall mean
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particle size for Tflent Mid-1 trench. Indeed, this trench is made up primarily of medium sands.

Facies Sw and Sp are notably better sorted than elsewhere.

Average facies thicknesses are thinner for virtually all facies in Tflent Mid-1 trench. This is
particularly evident for facies Fm and Sw, which are less than half their thicknesses in the overall
data set. Facies organization is complex, with upward transitions divided among two or three
facies in all instances. Thin units of dark colored, heterogenous, lower energy facies are
interbedded with light colored, high energy facies which exhibit a range of sediment mixes. Basal

surfaces are considerably less well defined than elsewhere, and are primarily tilted in shape.

Facies organization, particle size trends, and the tilted shape of basal contacts are
attributable to the large proportion of chute and ridge elements which make up 84% of Tflent Mid-1
trench (Table 8.16; Figure 8.4). Facies types vary markedly across-trench both within and
between elements. For example, the surficial bedding unit varies laterally from wavy bedded
ripples to troughs to ripples within the sand sheet unit, is observed as ripples in the ridge unit, bﬁt
is observed as troughs in the chute at the eastern trench margin. Facies sequences are similarly
variable in a vertical sense, with variation pronounced both within and between elements. Upward
transitions at one analysis point in the major chute go from facies G-Ss-Sw-Sp-Sr-St, with facies
Fm in flood cycles and facies St in a sand sheet unit atop. Particle size trends are similarly

variable, with no consistent lateral or vertical trends.

Basal gravels within Tflent Mid-1 trench dip notably in mid trench, coincident with the major
chute unit. This, along with the adjacent small (3m wide, 0.4m thick) platform unit {composed
solely of facies Sh; Table 8.17), suggests that flows within this chute unit scbured both coarse basal
sands and framework gravels, prior to being infilled by irregularly mixed coarse sand, high energy

facies Sp, St and Ss units. This 15m wide, 1.5m deep chute dominates the trench. Ridge elements
are found at both chute margins. The ridge unit at the western end of the trench is about 1m thick
and has a mixed facies composition. The upper part of the ridge has been removed and replaced by
a sand sheet unit composed of individual, light brown, internally graded, medium sand, facies St
and Sr units. The surficial sand sheet thins out (from 0.5m) towards the east. This indicates that
these deposits were washed onto the floodplain from the main channel during a flood event. A thin,
heterogenously mixed, dark brown, fine sand flood cycle unit, with many organic litter layers,

separates this sand sheet from the underlying chute deposits. The smaller ridge at the eastern
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edge of the trench has been cut by the diagonal chute which runs through Tflent Head trench. This

has deposited a coarse sand facies St unit atop the ridge.

Element particle sizes are coarser than the overall data set for all elements, except flood
cycles, in Tflent Mid-1 trench. Both chute and ridge elements have higher energy compositions
than shown elsewhere. Basal contacts are primarily gradational, indicating the marginality of

depositional environments.

8 : 3 : 5 Analysis of Tflent Mid-2 trench

Tflent Mid-2 trench differs from the other trenches on this bar as floodplain sequences are
thicker, and chute channel reworking of deposits has not been so prevalent. Vegetation in this area
is 15-20 years old, and can be easily pushed over. As indicated for Basbar, this can be related to
thick deposits of loose sand sheets at the bar surface. At its western margin, the trench is located
about 5m from the main channel, among thick ridges of sand wave deposits, oriented diagonally

across the bar and mounded around trees.

Facies composition of Tflent Mid-2 trench is similar to Tflent Head trench, as =70% of
deposits are made up of lower energy facies, but in this instance sequences are thicker than in
other trenches on this bar, and over 70% of sediments are made up of vertically accreted, flood
related deposits. A thick sand sheet is observed at the bar surface, but most of the trench is
composed of thinly interbedded, lower energy facies within flood cycle elements. Accordingly,

overall particle size is notably finer in this trench than elsewhere.

Of the four trenches dug on Tflent bar, bar platform and flood cycle deposits are most
prevalent in Tflent Mid-2 trench. This, along with the horizontal stacking of elements, results from
less chute channel disruption of sediments than evidenced elsewhere (Figure 8.5). Accordingly,
sediment sequences are thicker than elsewhere, with vertically intermingled high and lower energy
facies. High energy facies are internally graded and light brown in color, whereas the character of
lower energy facies is more variable than elsewhere (especially facies Fm and Sw; Table 8.18).
Facies St deposits in the basal platform unit are transitional to mixes of thinly interbedded lower
energy facies (especially facies Fm and Sw) in flood cycle and chute elements, with facies Sr and

high energy facies in sand sheet and chute elements atop. Individual facies units extend across the
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13m trench, but once more these vary in character both within and between elements. At the
western trench margin, facies change from facies St-Ss within a sand sheet unit. Moving west
from the sand sheet element to the chute at the eastern trench surface, facies types change from
facies Sr-Sp-St. Lateral facies variability is less prevalent in the horizontally aligned flood cycle,
chute channel and platform elements in the lower two-thirds of the trench. Accordingly, particle
size trends are extremely variable vertically, but lateral trends are fairly consistent within each

bedding unit, with no evidence of gradation of particle sizes away from the main channel.

The laterally continuous, medium sand, bar platform element thins westward across the
trench from 1.0 to 0.15m (Tables 8.19, 8.20). These facies St units rest above an irregular basal
surface, which rises by 0.5m at both ends and at the middle of the trench. Flood cycle deposits
above platform sands are about 1.0m thick across the trench. These deposits are dominated by
transitions to facies Fm, which makes up 38% of this element, typically interbedded with facies
Sw. Within this element, in mid trench, is a very thin (0.2m deep, 9m wide) lower energy chute
unit, with a small ridge (composed of lower energy facies), at its western margin. An 0.5m thick
sand sheet rests atop the flood cycle deposits above this ridge. This unit is composed of facies Sr,
the average dimensions of which are twice those of the overall data set. The sand sheet thins
notably to the east, having been eroded by a 6m wide, 0.75m deep channel, which has a high
energy facies infill. Facies Fm units in a flood cycle element rest atop the thin sand sheet at the
eastern trench margin, with a second, 0.75m thick, sand sheet above. This second sand sheet has
also been disrupted by the aforementioned chute channel, and is composed solely of facies St. Flood
cycle and sand sheet elements combined account for 70% of deposits in Tflent Mid-2 trench. Chute
infill deposits have a lower energy facies composition than elsewhere, with facies Fm abundant
(making up 29% of this element), and smaller abundances of facies Sp, Sr and St. These internally
graded deposits are somewhat darker than noted elsewhere, with smaller average trough

dimensions.

8 : 3: 6 Analysis of Tflent Tail trench

Tflent Tail trench was dug in a recently accreted bar unit, among vegetation with a
maximum age of 20 years. A series of parallel-oriented down-bar ridges at the bar surface indicate

that this bar has grown by lateral accretion. The trench was dug within a vegetated unit in
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mid-bar, perpendicular to the main channel, with a sand plateau adjacent at the western margin,

and a shallow angled framework gravel bar surface at the eastern margin.

The proportion of facies Fm is higher in Tflent Tail trench than in any of the other trenches
(Table 8.21). This, along with the extremely high proportion of facies Sr (39%), means that 75% of
Tflent Tail trench is made up of lower energy facies. Facies St and Sp make up the remaining 25%
of the trench. Facies characteristics are consistent with those observed elsewhere, although high
energy facies are notably finer and better sorted. Hence, the overall mean particle size is in the
fine sand class, and is 0.6¢ finer than for all trenches combined. Above the irregularly contacted,
basal facies G-St transition, all sediment assemblages in Tflent Tail trench are dominated by facies

Fm and Sr, with tilted surfaces. Contacts are primarily sharply defined.

Other than a very thin (0.3m), laterally discontinuous platform sand unit, Tflent Tail trench
is composed entirely of upward fining heterogenously mixed, dark and light brown banded, ridge
and chute elements (Table 8.22). Depth of sediment sequences varies greatly in the nine analysis
points in Tflent Tail trench (Figure 8.6), reflecting lateral bar grov;/th. The bar surface, however, is
not in phase with the basal gravel contact, as the trench is deepest, and basal contact lowest,
beneath the major ridge unit in the trench. A large (12m wide, 1.5m deep) chute channel is
beneath the surface at this location. Substantial ridge units are adjacent to this channel, and also
to a more recent, smaller (=5m wide, 1m deep) chute, at the western trench margin. Ridge
elements are both marginal to, and provide a cap above, chute elements, as the main channel

migrates laterally at this location.

Facies compositions of elements in Tflent Tail trench are fairly simple (Table 8.23). Facies
Sr and Fm dominate ridge deposits (=80%), whereas there is a broader mix of lower and high
energy facies in chute channels. Even within the chute channel element, however, facies F'm is the
preferred next-facies state, and in neither the ridge or chute elements are upward facies transitions
divided among more than two facies for any facies type. Chute infill units are 0.7¢ finer and better

sorted than in the overall data set. Ripple dimensions are smaller than observed elsewhere.

Facies units are notably thicker, and fewer in number, in Tflent Tail trench than observed
elsewhere, reflecting fewer formative events. Lateral facies variability is prevalent both within
and between the chute and ridge elements. Facies sequences are notably vertically intermingled at

each analysis point. In contrast, vertical particle sizes trends are fairly consistent. Lateral
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variability is apparent, however, as analysis points within chutes are notably coarser than their

ridge counterparts.

8 : 3 : 7 Trench analysis upon Beach Bar : Beach Bar Head trench

Beach bar is a large lateral bar, located at the margin of the wandering and meandering
planform reaches. Over the last 40 years there has been steady lateral accretion at the bar head,
while the bar tail has remained stationary. The bar has a substantial gravel platform, which has
been used by local residents as a source of gravel, excluding Beach Bar from 1985 analysis. Two

trenches were dug in prominent ridges at the bar margin, among substantive vegetation.

Beach Bar Head trench was dug perpendicular to the main channel among vegetation which
increased notably in age away from the main channel. The western margin of the trench is
immediately adjacent to unvegetated bar platform sands. A large log (diameter 0.75m) was
located at the base of the major ridge in the trench. This was oriented downstream (i.e. along the

axis of the ridge).

In no trench are sedimentologic properties as simple as in Beach Bar Head trench (Figure
8.7, Table 8.24). The trench is made up entirely of facies Gm units transitional upwards to
extensive facies Sw units. The latter facies has twice its average thickness, and occupies 92% of
trench deposits. Wavy bedded sands are heterogenous, banded light and dark brown, moderately
well sorted, fine sands. Internally, bed sequences generally are tilted towards the main channel.
The lack of high energy facies results in an overall particle size 0.5¢ finer than for the entire
trench data set. As sequences are transitional from facies Gm-Sw, the upward particle size ratio

indicates that trends are dominantly upward fining.

Elemental composition of Beach Bar Head trench is almost as simple as shown for facies
(Table 8.25). Ridge and chute elements make up 92% of the trench (the facies Sw component;
Table 8.26). The ridge element alone accounts for 71% of the trench. The remainder of the trench
is composed of thin basal platform deposits, made up of facies Gm, which roughly evens out the
basal surface adjacent to the contemporary bar. Ridge deposits thicken appreciably to =1.5m
away from the main channel, and extend across the 17m trench. These are disrupted by a small,

basal chute channel (5m wide, 1m deep), at the eastern end of the trench. Chute infill and ridge
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deposits, however, have the same facies composition; both are made up of tilted facies Sw units.
As such, both facies and particle size characteristics are laterally consistent in Beach Bar Head
trench. The gravels-platform and chute-ridge transitions are gradational in nature. Basal gravel
contacts are primarily wavy or even in outline. Other contacts are almost entirely tilted. Both
ridge and chute elements have heterogenous or internally graded sediment mixes. Ridge deposits

are banded dark brown in color, while chute deposits are light/dark brown bands.

8 : 3 : 8 Analysis of Beach Bar Tail trench

Local environmental conditions around Beach Bar Tail trench differ markedly from those at
the bar head. The floodplain is well established (=35 years), with a series of small chutes cut
diagonally across its surface. There is no vegetative evidence of recent lateral accretipn, and the
adjacent gravel bar platform is dissected by many smaller channels. A prominent secondary
channel adjacent to the western margin of the trench divides the bar platform at high flows. A
large tree stump (= 1.0m in diameter) was found at this point, along with many other logs in the
trench. As in the bar head trench, these were oriented down-valley, at the base or within ridge

deposits.

Although the proportion of lower energy facies in Beach Bar Tail trench is consistent with
the overall data set (65%), the proportion of facies Sw is greatly increased (as in the head trench;
Table 8.27). This increase is at the expense of facies Fm and Sr. Facies Sp dominates the high
energy facies, in thicker units than observed elsewhere. Whereas average particle sizes are
roughly consistent with the overall trench data for lower energy facies, high energy facies are 1.0¢

finer, resulting in a finer overall mean particle size (by 0.65¢).

As observed elsewhere, lower energy facies generally have heterogenous or internally graded
sediment mixes and are dark brown in color. Facies Fm units often have a uniform mix, and facies
Sr units are primarily light brown, with larger dimensions than in the overall data set. High
energy facies are light brown with occasional dark brown bands. Facies Sp units are
heterogenously mixed, whereas facies St units are internally graded (with smaller dimensions than

observed in the overall trench data).
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Facies organization within Beach Bar Tail trench is extremely complex, with a mix of
upward transitions for virtually all facies. Indeed, the four upward transitions from basal gravels
are divided among four facies types! For most facies, however, facies Sw is the preferred
next-facies state, and there is notable intermingling of lower energy facies. In general, basal

surfaces are sharply defined, and tilted towards the main channel.

Ridge, flood cycle and chute elements are dominantly upward fining, with heterogenous
sediment mixes. Adjacent to the main channel, thick bar platform deposits are the basal facies
(Figure 8.8). These are light brown colored, internally graded, planar bedded sand units. Depth to
gravel varies markedly within platform sediments, possibly associated with scour around logs.
Beyond the platform element, however, the basal gravel contact tilts notably towards the main
channel, in a classic ridge form. This ridge element is roughly 1.5m thick across the 11m of the
trench, and is made up primarily of thick, facies Sw units. This makes up 58% of the trench (Table
8.28), and is composed of a mix of dark and light brown beds, with a broad range in facies
composition (Table 8.29). The floodplain surface of the ridge tilts notably adjacent to the main
channel. A small chute (4m wide, 0.5m deep) has reworked part of the floodplain surface, with a
lower energy fill (especially facies Fm). Adjacent to this chute, atop the ridge away from the main
channel, are flood cycle deposits, which thicken up to 0.75m thick. These are lighter brown in tone

than elsewhere, associated with the high facies Sr content.

At the facies scale, sequences are indicative of up-sequence reduction in energy of deposition,
but this is not reflected by particle size trends, which are roughly upwardly consistent. Similarly,
facies types vary laterally within and between elements, but no particle size trends are evident in

that direction.

8 : 3 : 9 Analysis of Pillbend trench

Pillbend is a well-defined point bar at the downstream end of the meandering section of the
study reach. Sediment conditions upon the contemporary bar platform and marginal ridge are
described in section 6.6.11. The eastern end of the trench was dug at the bar apex in the first ridge
at the contemporary bar platform margin. Surface morphology upon the floodplain at this location
is dominated by a series of discontinuous, irregularly oriented ridge and chutes. All deposits have

accumulated since 1969, but vegetation patterns have been severely disrupted by chute channels.
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Percentage facies abundances in Pillbend trench are remarkably similar to those of the
overall data set (Table 8.30), other than the slightly greater proportion of facies Sw and the
reduced proportion of facies Sp. Lower energy facies make up 71% of the trench. Overall mean
particle size is in the fine sand class. Sediment mix and color characteristics by facies are
consistent with trends outlined for virtually all other trenches. Lower energy facies are primarily
darker brown, heterogenously mixed sediments. Facies Fm is more uniform in composition than
noted elsewhere, while facies Sr units are slightly darker and more heterogenous, with slightly
smaller dimensions than noted overall. High energy facies are light brown, internally graded

deposits.

Individual beds are consistent, or similar, in composition from analysis point to analysis
point, but are extremely laterally discontinuous (Figure 8.9). This is exemplified by the basal
facies St unit at the eastern trench margin, as this unit extends laterally over only 3m of the
trench. Similarly, the facies St unit in mid trench extends over only 8m. In both instances, these
relate to broader scale depositional mechanisms. The former unit is at the edge of the
contemporary bar platform, whereas the latter unit is found within a small chute unit at mid
trench. The mixed lateral facies sequences are echoed in a vertical sense. Vertical sequences at
the eastern trench margin indicate up-sequence reduction in energy of deposition. In mid-trench,
however, lower and high energy facies are intermingled. At one analysis point the entire sequence
is made up of lower energy facies. At the western trench margin, there are thin high energy facies

units at the base of the trench, with thick intermingled lower energy facies atop.

Particle size trends in Pillbend trench also exhibit lateral variability. The proportion of fine
sands increases away from the main channel. Medium sands take up roughly 50% of analysis
points in the eastern half of the trench, but are found only as thin basal units at the western trench
margin. Above this thin basal unit, vertical particle size trends are fairly upwardly consistent. In
mid trench, vertical particle size trends are highly irregular, while holes adjacent to the
contemporary bar platform are clearly upward fining. Other than the basal facies G-Gm
transition, basal surfaces are sharply defined. Basal gravel contacts are irregular in outline; other

transitions have a mix of wavy, tilted and even outlines.

These sediment and particle size trends indicate that the element scale is much more

instructive in evaluating formative mechanisms, as patterns relate closely with element
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composition across the trench. In particular, the disruptive roles of chute channels and sand sheets
are evident. Elemental composition of Pillbend trench is more equally spread among types than in
any other instance (Tables 8.31, 8.32). High energy facies seldom are preserved in deposits away

from the main channel.

The basal surface in Pilibend trench has a well defined ridge and chute outline, with depth
variation up to Im. This outline is roughly in phase with elements within the trench. Basal
elements are either platform sands or chute channels. Atop these elements are mixes of ridge,
sand sheet and flood cycle elements. Element association exhibits a distinct lateral patterning. At
the eastern trench margin, coarse sand, high energy facies, bar platform sands have a low energy
facies, ridge unit atop. The platform unit is about 0.6m thick, but is laterally discontinuous,
extending only 3m into the trench. It is composed of fine gravels facies St units. Basal and surface

contacts tilt consistently towards the main channel.

Two other bar platform elements, also about 0.6m thick, are laterally discontinuous, having
been disrupted by flows within chute channel and sand sheet elements. These are composed of
medium-coarse sand, mixed high and lower energy facies. The platform element in mid-trench has
a deeply scoured, high energy infill (especially facies St), chute channel beneath it. This 7m wide,
1m deep channel différs notably in internal character from two lower energy infill chutes. An 11m
wide, 0.5m deep chute, above platform deposits at the western margin, is composed of thinly
interbedded facies Fm and Sw units. This chute is marginal to, and intermingles with, a ridge unit.
Finally, a third, clearly defined, chute in mid-trench, sits atop this chute, a sand sheet, and
platform deposits. Internal composition of this, 9m wide, 1m deep, channel, is dominated by facies

Sw.

Ridge units are found at both margins of Pillbend trench. These are composed of relatively
thick facies Sw (often tilted) and facies Fm units. At the western margin, the 1.5m deep ridge has
been disrupted by a sand sheet element. The ridge element adjacent to the main channel is a
continuous 0.5m thick unit, composed of individual lower energy facies units, which tilt towards

both the chute in mid-trench and the main channel.

The two sand sheet element units in Pillbend trench have roughly equal average thickness
(0.75m). They are located at both margins of the trench. The unit at the western margin lies

within a ridge unit, and maintains a relatively uniform thickness over 9m, until disrupted by the
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upper chute channel. The morphology of the second sand sheet is somewhat different, as this is
found atop platform sands and pinches out away from the main channel, as it rises in a
ridge-shaped unit. In both sand sheets, however, facies composition is dominated by facies Sw, and
particle size are finer than elsewhere. Indeed, particle sizes are finer than, or consistent with,
adjacent elements. Finally, flood cycle deposits in Pillbend trench form a relatively thin (<0.4m)
unit, extending 13m atop the lower energy infill upper chute, and the sand sheet element away
from the main channel. Facies composition varies within element, from facies Sw to facies Sw/Fm,

to facies Sr, moving away from the main channel. These are moderately well sorted fine sands.

Lateral and downstream migration of Pillbend are reflected by a series of discontinuous ridge
and swales. These have resulted in an irregular basal surface and complex lateral facies
associations. Element organization, however, is consistent with patterns shown for other trenches,
with basal gravels transitional to a mix of chute and their marginal ridge elements, with sand
sheet and flood cycle deposits atop. The disruptive nature of flow upon former sediment surfaces is
indicated by scour at the base of one chute, the discontinuous pattern of platform elements, and the
presence of two distinctive sand sheet elements. Once more, chute channels have been the primary
control upon element organization. Internal character of these chutes is highly variable, with
differing mixes of high and lower energy facies infill. Indeed, there is a wider spread of both

elements and facies in Pillbend trench than in any other trench.

In general, sediment conditions in Pillbend trench are consistent with observations made
elsewhere at the facies scale. Sequences are upward fining in terms of both relative energy of
deposition and particle size, with most units in the fine sand class. Individual facies exhibit similar
characteristics with the overall data set, but are notably laterally discontinuous and variable in
type. Lateral variability in vertical facies sequence across the trench is closely related to the
pattern of chutes and ridges described above. In general, the proportion of fine sands increases
away from the main channel, reflecting both the lower average energy of deposition in that
environment, and the longer time period since initial deposition, allowing greater time for

removal/disruption of high energy, coarser sand facies.
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8:4: 1‘Down-valley and planform differentiation of sediment character within trenches

Average particle size, sediment mix and color are remarkably similar for each facies in all of
the trenches observed, and are consistent with the 1985 data set. Sediment sequences generally
are upward fining and indicative of up-sequence reduction in energy of deposition. In general,
lower energy facies contrast markedly with high energy facies, as they are darker brown in tone,
have more heterogenous sediment mixes, and are both finer and better sorted. In virtually all
trenches, facies are both laterally discontinuous, and vary in type within the same bedding unit

(event stratigraphy).

In stark contrast to these similarities, however, the proportion and internal organization of
facies varies markedly from trench to trench (Table 8.33). Accordingly, mean overall particle size
by trench is also highly variable, although generally in the fine-medium sand size class. Indeed, no
trends are evident for sedimentologic composition down-valley, by planform style, or by bar type.
Rather, the sedimentologic composition of trenches studied is related primarily to the extent and
nature of local chute reworking of floodplain deposits. As such, sediment patterns relate to local
geomorphic processes expressed at the element scale. The relative abundance of sediments
accumulated by differing mechanisms varies significantly at each trench location, but cannot be
related to planform scale phenomena. Hence, although there are larger numbers of visible chute
channels within braided river planform reaches, chute channel reworking of floodplain sediments is
seemingly just as prevalent upon lateral bars and point bars of the wandering and meandering

river reaches.

Variability in chute abundance and sediment infill character are the primary reasons for the
widely differing facies compositions of each trench. For example, Beach Bar Head and Tflent
Mid-1 trenches are both dominated by chute and ridge deposits, but their proportion of lower
energy facies varies from 92% to 38% respectively, and the four trenches on Tflent bar exhibit

widely varying facies and element compositions.

Facies Sw is a dominant facies in all but two trenches, but its absolute proportion varies
widely. Only in Upash and Tflent Mid-1 trenches are high energy facies prevalent. In both these
instances, chute channels exhibit high energy flow characteristics, with scoured basal contacts.

The proportion of fine sands is highest in Basbar, Tflent Tail and Beach Bar trenches. These were
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dug in quite different environmental settings, within each of the three planform styles studied.
This reaffirms that local flow history is a more important control upon sedimentologic character,

than bar type or channel configuration.

Basbar trench was the only trench studied in the braided planform reach. The complex
pattern of laterally discontinuous, fine sand, mixed lower energy facies is consistent, however, with
many other trenches. Flood cycle and sand sheet sequences extend across the trench, without
disruption by chute channels. Bar platform sands are not observed. Indeed, only in Upash and
Tflent Mid-2 trenches are platform sands preserved to a substantial extent. No specific
environmental similarities were observed at these two trench locations, implying that preservation

may be a randomly controlled mechanism.

Trenches on Upash, Tflent and Pillbend bars are all dominated by chute related deposits,
although their character varies substantially, Upash and Tflent Mid-1 trenches have high energy
chute infill units, and, hence, have the coarsest overall mean particle sizes of trenches studied.
This can be related to trench position on Upash, as two prominent channels are adjacent to this
mid-channel bar. High energy flows have swept across the floodplain surface, producing large
abundances of facies St. Conditions are very different at Tflent Mid-1 trench, and the

characteristics at this trench are anomalous with those observed elsewhere upon Tflent bar.

Sediment patterns most similar to those of Upash are observed upon Pillbend, a point bar
within the meandering planform reach! In both instances, trenches have roughly horizontally
stacked elements, which have become laterally discontinuous as chute channels rework deposits.
Both trenches have distinct ridge and swale surface patterns. Resulting sediment patterns exhibit
a wide range of facies types and configurations. The proportion of coarse sands gradually

diminishes away from the main channel, associated with the manner of lateral bend migration.

Chute channels observed in trenches on Tflent bar, other than Tflent Mid-1 trench, have
thinly interbedded, lower energy facies infills (as shown in the 1985 data set). Chute and ridge
elements dominate these trenches, although in Tflent Mid-2 trench, chute disruption of sediment
sequence is minimal, and flood cycle deposits are abundant. The only other trenches in which
substantial flood cycle units were observed are Basbar and Beach Bar Tail. In the latter instance,
these thicken away from the main channel. Sediment patterns in Beach Bar trenches differ from

others, as ridge units have accumulated on the inner accretionary bank as the main channel has
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migrated laterally, producing larger, more laterally continuous ridges than observed elsewhere.
These dominantly lower energy facies configurations are very similar to those observed upon

Basbar, but element types are different for the two bars.

In summary, while some comparisons between trench depositional sequences can be made,
these refer to local scale phenomena at the element scale, rather than down-valley position,
planform style, or bar type scales. In particular, the manner and extent of chute reworking is

critical.

8 : 4 : 2 Summary of element character and composition for each trench

The sedimentologic properties described for each element in Table 8.5 are consistent for
virtually all trenches. As outlined in section 8.2.3, they are also consistent with 1985 data locale
properties. This implies that element composition is independent of trench position in both

down-valley and planform senses. This notion is reviewed for each element in this section.

The morphology, scale, position in trench and sedimentologic character of all observed flood
cycle depositional units are summarized for each trench in Table 8.34. These deposits are located
either at the floodplain surface, or beneath sand sheet deposits, in each of the six instances in
which they are observed. Only in Basbar trench do they occur as a basal element. They occur in
either an infill shape, adopting the form of surface relief (e.g. Upash, Pillbend) or extend across
trenches in a wedge or sheet-like shape. They are composed primarily of lower energy facies,
especially facies Sw and Sr. In general, these are thinly interbedded, dark brown banded,

heterogenously mixed deposits. Mean particle sizes are in the fine-very fine sand class.

Sand sheet elements typically are coarser than flood cycle deposits (Table 8.35), although
their overall particle size by trench varies markedly according to their facies composition. When
facies St dominates, mean particle sizes are in the medium sand class (e.g. Upash), whereas
particle sizes are notably finer when lower energy facies predominate (e.g. facies Sw in Pillbend).
Coarser sand sheet units typically are lighter brown in color, with more internally graded sediment
mixes. Sand sheets occur at, or close to, the floodplain surface. They adopt wedge-shaped forms,
thinning out away from the main channel. While their morphology, position and scale are

relatively consistent in each trench, their facies composition varies markedly, but in an irregular
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manner (i.e. it can not be related to down-valley, planform, or bar type sense). Whenever sand

sheet deposits are abundant, their loose sand composition is not conducive for vegetative survival,

Ridge units observed within trenches vary greatly in scale, contingent upon the magnitude of
the adjacent marginal channel (Table 8.36). Accordingly, different styles of flow conditions within
chutes result in quite different sediment suites, with differential preservation of coarser sand, high
energy facies. For example, ridges within Basbar, Upash, Tflent Head and Tflent Mid-1 trenches
have considerably greater proportions of light brown, internally graded, high energy facies than
elsewhere. This is reflected in coarser overall particle sizes in Upash and the Tflent trenches,
whereas the ridge unit within Basbar and remaining trenches are composed of fine sands.
Whenever units exhibit a range of facies types, these are laterally transitional in character within
beds. In most instances, however, coarse sands are not preserved in ridges, as described in section
8.2.3, and sequences are heterogenously mixed, banded dark brown, lower energy facies. Facies
Sw is dominant, especially in Beach Bar trench ridges. Ridges in these trenches are laterally
extensive, and up to 1.5m thick. In contrast to other observed ridge depositional sequences, these
broader scale features relate to the main channel itself. In all instances, basal surfaces of ridges

tilt towards their marginal channels, often with gradational contacts.

Within element sedimentologic properties are considerably more variable in chute channels
than in any other element (Table 8.37). Chute channel scale, position within trench and character
of internal composition varies greatly from trench to trench. This variability, however, cannot be
related directly to down-valley position, river planform style or channel bar type. Indeed, the
character of chutes is often highly variable within a trench (e.g. Upash, Pillbend). Rather, it
reflects local flow character, which in turn probably reflects local surface morphology (as chutes

naturally adopt courses of minimum resistance upon floodplain or bar surfaces).

There are essentially two style of chute channel. High energy chute infill units generally
have low width-depth ratios. These typically are observed at, or close to, the base of trench
deposits, with scoured basal contacts and high energy facies infills (e.g. Upash, Tflent Mid-1,
Pillbend). Mean particle sizes are in the medium sands class, and sediments have very jumbled
compositions, with intermingled facies, a wide range of sediment mixes, and mixed light and dark

brown colored beds.
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Lower energy chute infill units typically are smaller channels, with greater width-depth
ratios (e.g. Tflent Mid-2, Beach Tail). These chutes are found at varying positions within vertical
sequences; indeed, they often are found at the present floodplain surface. Facies Sw and Fm
predominate, generally in thinly interbedded sequences. Accordingly, sediment mixes are
generally heterogenous or uniform, and beds typically are dark brown colored. Mean particle sizes
are in the fine sands class. These chutes are similar in character to the run-off chutes described in

chapter 7.

Observed bar platform deposits typically occur as small remnant units at the base of
trenches (Table 8.38). These units are less than 10m wide and less than 1m deep. Only in Upash
and Tflent Mid-2 trenches are platform sands prominent, but even in these cases they are laterally
discontinuous. Platform sands are never observed with the abundance noted in the 1985 data set.
Their reduced presence seemingly relates to chute channel reworking of sediments, as chutes often
are found at platform element margins. In all instances, platform sediments are light brown
colored, internally graded, high energy facies, the character of which varies from trench to trench.
Facies compositions are extremely simple throughout. Mean particle sizes vary markedly, due to

variability in the proportion of fine gravels.

In summary, while elements in themselves are distinct from each other in terms of their
summary properties, they are either consistent in character for all trenches or exhibit no regular
variability in down-valley position, planform type, or channel bar type. This implies that the
element scale provides a more insightful manner for evaluating river depositional Sequences than
any of these alternative schemes. Element abundance, however, varies notably from trench to
trench, associated with local-scale flow properties. The spatial association of observed elements is

assessed for each trench in the following section.

8 : 4 : 3 Summary of element association by trench

Summaries of element associations for each trench are presented graphically in Figure 8.10.
Upward element transition sequences are very similar for each trench. Variable positions within
sequences are noted solely for chute and ridge elements. Basal gravels are transitional upwards to
platform sands, whenever these units are left with any prominence. If removed, chute and ridge

deposits form the basal element. Only in Basbar do these principles not apply. In this case, flood

195



*8ex|W Juewipes snoueBoleley 10 pepesB Ajjeuseiul
eAgy puB 10j0d Ul umoiq 1yBy ese sjun Buuesieod
premdn esey| "sejoe; ABweue ybiy Aq peleujwop
e1e seouenbes Inq ‘2 Wun ul seioe; ABieue 1emo|

J0 uonsodoid JeteesB B pue ‘| JUN Ul WY SB|9B) BWOS €0
-dg selo8}

‘peprub Ajeuseul ‘umosq 1B} jo pesodwoo Ajejog 92

[

IuUn 1S sepw; |jBwe ‘pepeid Areuieiu ‘umoiq 16l 0L~

*sjjun
1S see} pepeib Ajeuseiu; Auewpd ‘umoiq 1yBi 9°0

ys sepe;
‘pepuuB Ajjeuselu) ‘umoiq 1yB) jo pesodwod Aiejog 0L

'S 58108}
‘peprIB Ajeuieiul ‘umosq 1yB) Jo pesodwod Ajejos 6L

‘aleymes|e uwy] Jebie| Ajqejou
em suoisuewip ybnon ‘uogeziuebio se1de) pexu

Yim ‘sjuewipes pepeiB Ajeulelur ‘umolq 1B S°L
(shun o)

ezis

oio|1Jed

sjoedse Joyi0 uvepy

wo %EZ 1S %LV

ds %98

w9 %00t

1S %001

1S %k

ys %001

SS %001

dS %52 IS %BZ 'MS %BE

9. ve

FA: B

se(oe)

sejoe) ABieue ybiy

jJuBUjWOQ

: 10MO0TY%

Jejoeieyd o|bojojuswipeg

Jun wuopeid Jeq Aseiodwejuod uBW Byl Yum

snonuguod 1nq ‘(lun 18eys pues B Aq pepole) eBpu ||Bws e doje

Jsee ey) 0} snonuiuodsip AjeielB) I YoIuM Yun ¥ we'o (¢
uiBseut wejsee eyl 18 Jeays pues B Aq pepase pue
‘uiBrew uieisem ey 1e sjisodep eynys Yim BuyBuiuielu) ‘spue
1}oq 18 1N0 Seyduld Yoiym ‘Yauen-piu uf Jun Iy weo (2
‘doje sysodep eInyd
pue eBpu sy pue ‘jeuuByd BINYd B 0] Juede(pe Jno seyouid
Hun sy ‘uBiew Youesl uieisem eyl Je Jun ¥y wg'o (1
 sljun (Bseq ‘JUBUWGI 88IY |

‘doje
Jun eBpu Jofew B YIm ‘jeuuByd UlBW Y} 0] Juede(pe edBjIns
[eseq ey Jno sueiey Yolym ‘Yun aBpem {wg'i<) jeseq ¥ L

‘|euueyd ulBW 8yl 0] luede(pe
‘doje Jun ebpy sofew B Yim ‘@3BlINS |eseq eyl Ino sueyey
yoiym ‘edeys eBpem B Ul ‘(o1 We'Q) Wun JuBuWe) ‘jBWS

Hun einyd Jolew e jo uibiew weisee
8y) ju (deep wg'Q ‘epim WE) hun jueuwel ‘jews Alep

‘(susodep einys yim pejeioosse Aposuip jou si
nun spp "e't) doje pejedso| ele sysodep o942 pool4 ‘ysuen eyl
§S0.108 1S6Mm 0] JSee Woy wi g o} g'| wos Buuuy “un |eseq
‘pedeys eBpep, "seysuen uiym pealesqo Jun wuopeid sofeys

Hun ejnys sofew
B Jo uiBiew uiejsee 8yl 1B ‘deep W'D ‘epiM WE ‘Hun JuBuWweY

‘doje syisodep eynys pus eBpu yum ‘eInyd ©
Aq 19 'uiBiBW Youel) uleisem eyl 18 Y2yl WZ'0 NuUN jusuwey

‘uiBrew wie)see
ey} e 8BNS 8y} 18 puB UBiew ule1seMm §1| je sjeuusyd
anys Aq pejdrusip ‘epw wyl< un |Bseq (Wg o) dn) Yoy L

peaIesqo 10N

youes uj uopisod pue ejess ‘ABojoydiop

HON3HL AG NOILISOdWOD ANV HILOVHVHO INIWITI WHOL1V1d HVE 40 AUVHNANS

pueqijld

el teg yoeeq

poo reg yoeeg

el jueyl

Z-PiN Wejjl

L-PIN juey|

peeH eyl

ysedn

Jeqseg

youesj

8€'8 319Vl

196



S13AYHD

puaqjlid

wiojje|d seg 1e)d

$I13AYHD
. 189ys pues 'S°§
e12k9 pdoyy  "2°'d

IIDII"
upazul.llll spoi
‘e:s

l1e: - juefyy

$13AYHD

ainuo ‘agaiy

nmmI ~:0:h

813AYHD

\

AYd

w-.::n-\ "3DQIY

\‘

i
jtel leg yoeog

S13AVHD

E

avie

Dm
FiNHY h wooE
s .

juaijlt

ndw><xo

RS m
ainno ﬁb uooE
nn .

:mma:

: /\/

$13AVHED

upaxullllll.lv ELLLL

M 3¢
peay i1Bg yoeag

$13AVHD

L-PIWN lUusijt
£13AVYD
1v1d
/
53
ainno . ‘zpory
|
g8 .
leqseg"

%0z< Aouanboaly B U}IM SINDDO0 YODIYM 9OUEB}SU|] YOEBD JOJ UMEBIP SIB SUOj}jSUBRI]

HON3IHL HOVd NI NOILVZINVOHO TVLNIWI13I 0L'8 IHNDIL

197



cycle deposits are found atop basal gravels. Chute deposits vary considerably in their
within-trench position. Indeed, as flows within these units rework other sediments, they are the
pivotal element in within trench element association. In some instances chute and ridge elements
occur at floodplain surfaces, but sand sheet and flood cycle deposits are more typically found in this
position. In neither the five trenches studied in the wandering reach, nor the three trenches
studied in the meandering reach, are the postulated models of planform locale association
(suggested in chapter 7) consistently observed. Rather, chute reworking of sediments is prevalent
in virtually all trenches observed, suggesting that depositional sequences are relatively consistent

throughout the study reach and cannot be differentiated by planform.

8 : 4 : 4 The value of the element scale in sedimentologic analysis

Sedimentologic composition and character of each trench reflect local environmental
character and flow history to a much greater extent than down-valley position, planform style or
channel bar type. For example, the four trenches on Tflent bar vary markedly in composition.
This indicates that formative conditions for producing distinctive sedimentologic suites occur at
scales greater than the facies level (see Part B of the thesis), but cannot be differentiated at the
channel bar type or river planform scale, using procedures outlined in this study. Local
environmental character seemingly is best evaluated at the element scale. It is possible, however,

that broader scale environmental differentiation may be facilitated at a valley-width scale.

Individual elements are defined by a range of differing properties (see Table 8.5), the
character of which varies little within trenches studied. Elements can only be defined by
summaries of their properties, however, as individual components may be similar for two or more
elements. For example, facies compositions may be indistinct between flood cycle and lower energy
chute infill units, or platform deposits and high energy chute infill units, but the position in
sequence and morphology of these elements aids in their differentiation. In Beach Head trench,
both ridge and chute elements are composed solely of facies Sw. Although facies compositions of
elements are variable, however, facies themselves are consistent in character everywhere. Lower
energy facies are dark brown, heterogenous fine sands, whereas high energy facies are light
brown, internally graded medium sands. Variable proportions of these components result in

differing elemental character.
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As directly related to flow mechanisms, geomorphologically defined elements provide a much
better basis for sedimentologic differentiation than facies, channel bar or planform scales. No
consistent variation has been demonstrated for element style or association at broader scales,
although it is possible that relative abundances of elements may vary according to down-valley

position.

8 : 4 : 5 Summary model of element association for Squamish River data

As no distinct sedimentologic differentiations can be made for element character or
composition by planform style or down-valley position, it is possible to build up an element-scale
model of sedimentologic sequences for the entire study reach. In essence, three scenarios can be
painted, contingent upon the character of chute channel reworking of deposits (Figure 8.11). In the
first scenario, platform deposits sit atop basal framework gravels with an irregular basal surface.
These small, remnant units, typically less than 10m wide, 0.5m deep, seldom are observed with
any abundance, as most of these deposits have been removed by high energy flows within chutes.
The basal chute channel scours framework gravels, and has a high energy facies infill,
intermingled with lower energy facies. Maximum dimensions for an observed chute channel were

16m wide and almost 2m deep.

Ridge deposits accumulate at the margin of the chute channel, ultimately developing to a
roughly equivalent depth. In most instances these are made up of lower energy facies, as high
energy facies deposited at the chute margin are removed by subsequent flows within the chute.
The surface between ridge and chute elements is typically tilted and less well defined than other

contacts.

Atop ridge and chute deposits, with a sharply defined, wavy outline, are flood cycle deposits.
These are composed of thinly interbedded lower energy facies, and extend laterally across the
trench, up to 1.5m deep. These deposits are often marginal at the surface to wedge-shaped,
discontinuous sand sheet deposits, which are loose, fine-medium sand units which thin away from

the main channel. In many instances these have eroded part of the flood cycle element.

In the second scenario, chute reworking of bar platform sands is less prevalent, and chutes

have a lower energy facies infill. These chutes are also smaller, and may be found at the bar
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surface. Just as chutes are smaller, so are their marginal ridges. These also vary in position
within the trench. Under such circumstances, both platform sands and flood cycle deposits occur in
thicker wedge-shaped units, with high and lower energy facies compositions respectively. Sand

sheet elements play a similar role to that described in scenario one.

An alternative to these two postulated models of element association for Squamish River
floodplain deposits is presented by Beach Bar trench sediment sequences, in which ridge deposits
are dominant across the trench, since they are associated with the main channel, rather than chute

channels. This scenario may only apply under conditions of uniform channel migration.

In summary, details of the overall trench data set sedimentologic properties described in
section 8.2.3 apply consistently for each trench. Elements can be differentiated successfully using
the criteria outlined in Tables 4.7 and 8.5. While elements themselves are relatively uniform in
character, their spatial arrangement varies according to three scenarios, although these scenérios
cannot be located specifically within the study reach. Rather, they are contingent upon local flow
character, especially the manner of chute reworking of sediments. Accordingly, elements often are
laterally discontinuous. Their spatial distribution, however, offers much more meaningful insight

into river depositional sequences than can be offered at facies or channel planform scales.

Sedimentologic properties of the 1986 trench data set are roughly consistent with those
described for the 1985 hole data set in part B of the thesis. Observed differences are explained by
the lower energy depositional environments, located further from the main channel, in which
trench samples were obtained. Elements analysed in trenches have similar sedimentologic
compositions to locales. The surface floodplain expression, however, is not always a good guide to
subsurface element composition. Sediment sequences generally are indicative of up-sequence
reduction of energy of deposition, but element organization indicates that sequences are laterally
discontinuous. Internal unconformities result from the removal of coarse sand, high energy facies
within platform elements, associated with chute channel reworking. The general applicability of
this scenario is tested in chapter 9, which examines the longitudinal continuity of elements in bank

exposures within the study reach.
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CHAPTER IX
LONGITUDINAL ANALYSIS OF CHANNEL PLANFORM SEDIMENTOLOGIC
VARIABILITY

9 : 1 Introduction

Element character, composition and spatial association were shown not to vary in any
consistent manner by river planform style or channel bar type in chapter 8. The character of
sediment sequences in trenches dug perpendicular to the main channel were either relatively
consistent down-valley, or varied in an irregular manner, conditioned by local scale chute
reworking of sediments. In this chapter these principles are evaluated at a broader scale in 13
bank exposures, divided equally among the three planform styles in the study reach. These vary
in length from 90 to 210m (contingent upon length of exposure and disturbance). Site availability
in the braided reach was restricted to exposures adjacent to secondary channels. In the wandering
and meandering planform reaches, extensive exposures were studied at either the concave banks of

bends, or immediately upstream from contemporary bar deposits.

Depositional sequences in the 1987 data set include a broader range of sediment types than
those of the 1985 and 1986 data sets, and a new element, distal overbank deposits, was included in
analysis. These deposits were lain down among well-developed vegetation away from the main
channel, and typically occur as extensive sheets of thinly interbedded, (in some instances even
massive or laminated), fine sand, lower energy facies. As samples in previous data sets were
collected upon contemporary bars and at their margins, distal overbank deposits were not
observed. In the 1987 data set, these deposits are observed in mid-sequence, characteristically
with flood cycle and sand sheet deposits atop. Thick sequences of distal overbank deposits were

observed in each of the three planform styles studied.

In section 9.2, facies and element composition, character, and spatial associations in the
1987 data set are compared with the 1985 and 1986 data. Sediment sequences in each bank
exposure are summarized by planform reach in sections 9.3 to 9.5, using both statistical data and
visual representations of each bank exposure. Down-valley and channel planform sedimentologic
trends are analysed for elements observed in bank exposures in section 9.6, and a

three-dimensional model of Squamish River floodplain deposits is proposed at this scale.
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9 : 2 Comparison of 1987 section analysis of bank exposures with other data sets

Lower energy facies account for 80% of observed bank exposures (Table 9.1), as opposed to
65% in the 1986 data set. The proportions of facies Fm and Sr are notably higher, the former
occupying 23% of observed bank exposures. Average facies Fm bed thicknesses are considerably
greater than elsewhere, as this is the dominant facies noted in the distal overbank element. In
contrast, the proportion of facies Sw (29%), is lower and in thinner units than in the other data
sets. All lower energy facies are found in a greater proportion of analysis points than in previous
data sets, reflecting both the thicker depositional sequences and the predominance of flood cycle

and sand sheet elements (Table 9.2).

As observed previously, lower energy facies have particle sizes in the fine sand class, have
predominantly heterogenous sediment mixes, and are banded dark brown, with occasional light
brown beds, in color. Facies Fm, O and Sw are all slightly finer than observed in other summary
data sets (by =0.5¢ in all instances). Facies Fm is more uniform in composition and Sr more
internally graded than in other data sets. Facies Sr units are lighter brown than other lower

energy facies. Their average dimensions are consistent with the 1986 data set.

Among the high energy facies, the proportion of facies Ss (6%) is greater than in the 1986
data set (with significantly thicker average bed thicknesses), whereas facies Sp and St are much
less prevalent (the former is seldom observed). Facies Gm has roughly the same abundance as
elsewhere, but occurs less frequently, in thicker units. Indeed, all high energy facies are observed
in a lower proportion of analysis points than elsewhere, possibly reflecting their lower preservation

potential in these older sediment suites.

High energy facies are notably coarser than lower energy facies, although facies Ss, Sh and
St are finer than observed in the 1986 data set. This, along with the greater proportion of lower
energy facies in bank exposures, accounts for the significantly reduced overall particle size of this
data set (0.6¢ finer than the 1986 data set). High energy facies in the 1987 data set have more
heterogenous sediment mixes than demonstrated for the 1986 data, but all are either heterogenous
or internally graded, and light brown in color. Facies St dimensions are consistent with those for

the trench data set.
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Upward facies transitions from basal gravels occur primarily to lower energy facies (facies
Sw and Sr), producing upwardly consistent particle size trends. Although preferred upward facies
states vary from those demonstrated in previous data sets, all are dominated by lower energy
facies, and are indicative of up-sequence reduction in energy of deposition. In the 1987 data set,
however, facies Fm plays a much more significant role, indicating a greater degree of intermingling
of facies than observed elsewhere. Indeed, two or three upward facies transitions occur with a
frequency =20% for each facies type. As in the 1986 data set, basal contacts are all sharply

defined with wavy contacts, other than the irregular shape of surfaces above basal gravels.

Element composition of the 1987 data set differs markedly from the 1986 trench data set,
largely due to the greater thickness of these older floodplain sequences and the presence of distal
overbank deposits (Table 9.2). Although found in only 5 of the 13 bank exposures studied, distal
overbank deposits make up 19% of observed 1987 sediments. In other words, when observed,
these are the dominant element within exposures. This is indicated by their average thickness of

almost 1.3m.

Of the other elements, flood cycle deposits make up 41% of bank exposures, compared to only
14% in the trench data set, and are observed in all instances. Flood cycle elements have an
average thickness in excess of 1m, as opposed to 0.35m in the trench data. The prevalence of this
element is related directly to the greatly reduced proportion of ridge and chute elements, which
occupy only 7% of bank exposures combined. Differences in the prevalence of these elements result
from the orientation of exposures. Ridge and chute deposits generally are found marginal to flood
cycle deposits, and often have similar facies compositions (as demonstrated in chapters 7 and 8).
As these elements are better defined in a lateral sense, the criteria used in their identification are
not apparent when viewed in longitudinal section. Ridge and chute outlines are not evident, unless
oriented diagonally or perpendicular to the bank exposure. Although observed in four and nine of
the thirteen exposures respectively, ridge and chute elements generally are observed at only one or

two analysis points within sections, and have thinner average thicknesses than in the 1986 data.

Sand sheet and bar platform elements occupy identical proportions in the 1987 data set to
those demonstrated for the trench data (12% and 20% respectively). They are both observed in all
exposures except one. Average thickness of platform units is comparable to those shown for the

trench data (almost 1m), whereas sand sheet deposits are somewhat thicker (0.5m as opposed to
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0.3m).

Particle size and sorting characteristics of elements are similar to those demonstrated for the
trench data set for each element, although chute and platform deposits are 0.5¢ finer. These
differences are explained by the smaller percentage of facies observed within the fine gravels
particle size class. As in the 1986 data, ridge and platform elements have the most clearly defined
within-element upward fining particle size sequences, while the remainder are generally upwardly

consistent or slightly upward coarsening.

Sediment mixes are dominantly heterogenous for each element, although sand sheet and
platform deposits have a high proportion of internally graded beds, and most beds within distal
overbank sequences are upward coarsening. The latter sequences, along with flood cycle deposits,
are dominantly dark brown in color. The proportion of light brown bands is greater in ridge
deposits, while sand sheet, chute and bar platform elements are dominated by light brown sands.
Facies Sr dimensions are bigger in sand sheet and ridge elements than the others; in both instances
these are notably larger than in the 1986 data set. Facies St dimensions are considerably smaller

for most elements in the bank exposure data, but are significantly larger within sand sheets.

Element organization within observed bank exposures is dominated by flood cycle and sand
sheet elements. Indeed, in 33% of instances, upward transitions from basal framework gravels are
to flood cycle units. In general, gravels are upwardly transitional to platform sands, which in turn
are transitional to distal overbank or flood cycle deposits. Flood cycle and sand sheet deposits
alternate atop these sequences. Ridge and chute deposits are not found at specific positions within
sequences, and are upwardly transitional to a much broader range of elements than are other
types. Basal contacts between elements are dominantly sharply defined, and exhibit a broad range

of shapes.

As observed previously, flood cycle deposits are composed of alternating sequences of lower
energy facies, especially facies Sw, Sr and Fm (Table 9.3). The proportion of facies Fm is lower
than observed within trenches, and facies Sw is the preferred upward facies transition. Sand sheet
deposits have high proportions of facies Sw and Sr, with a smaller proportion of facies St, as
observed in the trench data set. Within element facies organization is less simple within the bank
exposure data set, but upward transitions are dominated by facies Sw and Sr. The distal overbank

element has the simplest facies composition observed, as 93% of deposits are made up of facies Fm.
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In ridge deposits, facies Sw and Sr are interbedded with thin facies Fm units. Facies Sr is
more prevalent than in the trench data set, and high energy facies are much less spread among
types. Accordingly, within element facies organization is much simpler. The proportion of high
energy facies observed in the chute element is considerably lower in bank exposure deposits than in
trenches (11%, as opposed to 47%). Facies Sr is dominant in 1987 chute deposits, but within
element facies organization is very complex, with a broad mix of upward transitions from each

facies state.

Bar platform sands in the bank exposure data set have a considerably greater proportion of
lower energy facies (36%) than found in the trench data (26%). Facies St is the dominant facies in
each instance, and facies Ss is more abundant in this element than elsewhere. Given the broader
range of facies types observed within platform sands, there are two, three or even four upward

transitions from each facies.

In summary, lower energy facies are more prevalent within elements in the 1987 data set.
This is especially evident for facies Fm, the high proportion of which is explained by the presence of
distal overbank deposits. As observed in previous data sets, sediment sequences generally have
upward fining particle size trends, with facies organizations indicative of up-sequence reduction in
energy of deposition. Fine sand units are dominant, however, as medium-coarse sands have lower
preservation potentials. Problems in identification of ridge and chute deposits in longitudinal
section seemingly have resulted in their inclusion within the flood cycle element. Facies
compositions of these elements are consistent, but ridge and chute elements occupy only 7% of
observed bank exposures, while flood cycle deposits occupy 41%. Elemental character differs little
from that described in Table 8.5. These characteristics are examined by planform for each bank

exposure in subsequent sections.

9: 3 : 1 Analysis of bank exposures in the braided channel planform reach : Dbas section

Five, evenly-spaced bank exposures were examined in the braided planform section of the
study reach (Figure 4.1). Dbas is located about 0.8km down-valley from Basbar, at the margin of
a secondary channel, adjacent to a recent gravel platform accumulation. Vegetation is very well

developed on the floodplain surface.
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As shown for Basbar in the 1985 and 1986 data sets, Dbas is composed almost solely of
lower energy facies (Figure 9.1, note that the vertical exaggeration is 10x that of the trench
diagrams in chapter 8; Table 9.4). Facies Sr is dominant, occupying 53% of the section. Other
than the upstream analysis point, the basal surface dips by over 1m down-section, while the

floodplain surface remains relatively flat.

Flood cycle deposits extend atop basal gravels for the entire 110m of the section. These
occupy 77% of the bank exposure (Table 9.5). Facies Sr deposits are thinly interbedded with facies
Sw and Fm, in a cyclical fashion, with sharply defined basal contacts, which are wavy or tilted in

outline. Facies Fm is more prevalent than observed elsewhere.

A prominent sand sheet unit, occupying 21% of the section, is found within these flood cycle
deposits in the downstream half of the section. This retains a relatively uniform thickness of 0.5m,
before pinching out as the trench depth diminishes up-valley. This sand sheet unit has a relatively
flat basal contact. Facies Sr makes up 96% of this element; the remaining 4% is composed of facies
Sw and Fm. Particle size trends coarsen upwards. Facies Sr dimensions are notably larger than
observed elsewhere. At one analysis point, bar platform sands form a very thin basal element,

composed solely of facies Gm.

Facies sequences and particle size trends within Dbas section exhibit great down-section and
vertical variability within flood cycle deposits, but are consistent in both dimensions within the
sand sheet element. Given the dominance of lower energy facies, and the consistency of their
particle sizes in comparison to the overall data set, the overall mean particle size for Dbas section
is slightly finer than that of the combined bank exposure data set. Facies Sr dimensions are
somewhat larger than in the overall data set, and this facies is more internally graded than
observed elsewhere. Average colors of facies are consistent with the overall data set, with facies
Sr units predominantly light brown, and facies Fm and Sw made up of banded dark brown units.
Even basal gravels are transitional upwards to lower energy facies, with sharply defined,

irregularly shaped contacts.

209



.EA&QURE 9.1 DBAS SECTION -

%'ﬁf‘i'ﬁiﬂ"b'hl’
+4+tbt bbbttt L
+++++++

DBS 2 DBS 3

e —
+4dtddbt 4ttt +4++

+++++++++~——-b++++++'I-'I-¢=.__—?_—.++++++———
-!"!"!"l"l- :P++++++++1E++++++===‘
44 s sl LI L T o
+++++++O-"='++++++++'l
L

+++++
Z-ﬁ++++++++++++++‘====++++++++

OO B - -
:I++++++++ o

~/

C

et L L L 1)

o |

Down—Va"ey Direction ———»

FIGURE 9.2 BRQRQEND SECTION

ELEMENT CODE

FLOOD CYCLE

n-2bs_sbe ke b
FE ey
b

SAND SHEET

DISTAL OVERBANK

RIDGE

VvV
Vv

VvV
VvV

s

CHUTE

i

4
p
P

.[BAR PLATFORM

O

GRAVELS

———-——--++++++'l"l-

60m

o8]
=)
1
-—h

FACIES CODE

ChilUnilsy Laclea Lxna

1.0 Fm
35-40 ]

BessLantsce
——_ 10 Sy

118 WV

++++++++++++++EE§+++++++++++++
PSR S-SR
I B )
R
HEHE-HE BBV

HEHEH O
:e++++++++++gg§
e pd bbbt bbb —
e e

= R R R —— N R R R
g S = - e —— é%%

HECCS R SR S S RSSO RRERC— SRS S SRR E-—

gy ¢ HEHHEEHHHH S S S S S R S S S SRR R S R SRR R ST P
§E¥+++++++++++++++++#ﬁ2%+++++++++++++++++ta§++++++++++++++

;I
i
HHHH!

i.

i

5p {dowmlresmApsteam)

lﬂ
|
I
|
|
!
|
|
|
I
|
|

Upwerd lining
Upwerd coursening

A St

i

I
|
I
+
+
+
+
+
+

Gm (In sceur hole)

il
Ol

Deds may combine facies unils

4 ++++++++@
e S L L LD L

——~+++++++++++++++++ﬂ.ﬁ1+++++++++++++++++i&§++++++++++++++@‘

e LI = e L e L L L S L L L L Ll e

=-|"l'++++++++++++++++=—+++'|"l-'l'+++++++++++'I'=='I'++++-I'++++++++-‘== = DL L DL L L

—““+++++++++++++++++=-+++++++++++++++++'l'—————-++++++++++++++*='+++++++++-k§§ﬁ
SRENCRES @) O OB aane——sa s LT LTl L e

e A Y T L T T ———
~+——— Down-Valley Direction

e =TTl ——
cas—a T I L LD L ——1

A

Elevation above mean sea level

Scale (in m)

I s oEEReR :
v/

FIGURE 9.3 UPSTAT SECTION . 0
Ups 2 UPS 3 UPS 5 UPS 6

UPS 1 == ) e A A A A R A A A e o A e e A I e e e e R I
%+++++++Eﬁ+

== +++++++++++++++g++++++++++++=n+-|-+ s

§§3++++++++++*+++I§5§IIIIIIIII:I$§§¢¢II:::tgﬁgiiiiiIIIIIE§§§I++++++++

S ++++++++==u+++++++czm++++++++++€§§%++++I++++e=§§+++++++Itittitfzzax+++
.|..|..|..|.=.;;+++++m5§55§-+++++++++ ==t ++++++

v

c
0
4]

7

KRR A

zmm;

AaAA Al

L

AnAd b

nmzmtu

P
S

Hlﬂl

o o
Nt v

Down-Valley Direction ———»

e

20

g >

+++++++-§

i

2

40

55m




(w2 uy) yipim = p ‘yidep = g ‘yiBuey = 7 : uojsuswnp yBnon pue oiddy eBeleay (9,)

oyliyole = y ‘weensdn syl = n) ‘weessumop S = p| ‘reinbess) = | ‘Aaem = g ‘uere = 3 (G,) 198IUCO [eUO|iEpRID) = ©) ‘JorIUD peujjep Aidieys = S (v.)

SpUEQ UMOIQ YiEp = EH] 'SPUBQq UMoIQ yiep pue 1ybj = ¥QAT ‘A6l = © yoelq = § ‘umalq by = 17 ‘1sexiep = G yym ‘Buipeys umoiq yrep (o eauenbes reuopepeio = G-1¥a (€.)
Bujuesnsos piemdn = ‘o' ‘Buuy premdn = "4 ‘pepeiB Aeuie = ‘5| ‘wioyun = n ‘snousBoserey = H (2.) (W uj) © pue WY s8|e| 10} SONRA Xewq ebBeseay (|,)

~=g-=MIS'S=Q'6L=1 IS (9.) 00'L : | ofier ezis ejdpred premdn o86'Z ©z18 epjued Uesw |RIeAD 8 siujod spshjeue Jo JequinN
1 %0S ‘PL %0S S %001 6e is
| %05 ‘PL %08 S %001 SZ' MS
| %001 S %00} ge" w4 - - - 0'GES - 6L - 8 2]
M %001 9 %001 00l 1S - - - ool 0t €l k4 l wy
- - - - - - - - - - - ds
PL %001 S %001 00°t M 1 %001 ‘D'l %004 0t e o6l €l k4 l us
M %22 'nL %9E S %001 6€" w4
| %02 ‘nL %0P ‘M %0V S %001 [ A 1NQ %12 11 %19 H %6€ Ol %19 L2 Le G561 0ot €S 82 IS
M %E8 S %001 12 mg
Nl %52 ‘M %8S S %28 G wy 1NQ %PZ ‘DA %SP H %001 ce € 14 00l 12 62 LS
N1 %62 ‘3 %62 ‘M %8E S %001 2E" Mg
Nl %1E "M %08 S %8 ¥9' IS ©IQ %LZ ‘A %29 N %6€ ‘H %29 i o S'9 00l 9l 9 w4
862U01IN390 |0
(s.) (v.) %022 U (e.) 2.) (1)
edeys (q uonjuijeq (e punoj suojisuen 10100 Xjw juswipes enfea {syun ») ezis (wa) ssewoyi 86|04y AQ (%) eouepunge 860US)INJ00
eJepns jeseg  seioe} premdn Weupuopeld UBUNIOpBId Bujuos ueey epdjued usey peq eBeieay  eoueseids, sepe4 jo sequiny  edA) sejoeq

3IvIS $310V4 IHL LV 13S VIVA NOILOIS SVAA 40 SISATVNY TVIILSILVLIS AHVANNS ¥'¢ 318VL

211



%022
suojsues) piemdn  esuspunqy
spuss wione|g

I %L

M %004

NL %OZ 'PL %0Z ‘M %0Z ‘I %0
| %0Z "M %02 ‘N1 %09

(9.)
edeyg (q

%022

suojsuRll plemdn eouBpUNGY

My &Inyg

o)Iiyore = y ‘weesnsdn sy « nj
SpUTq UMOIQ NIED = ENC ‘SPUBG UMOIQ HIEp PUR Wi = %A 'AeiB = D ouq = @ ‘umoiq By = 17 ‘IsewEp = G yam ‘Bupeys

SUOLIISURI) pIemdn SOUBPUNQY %  SUOSURI} Piemdn SOUBPUNQY %  SUOJUSURIL piemdp eouBpUNQY %

%022

%022

s)sodeq oBpiy s)isodep juwqieao (uisig

00t w4
00't IS

00l 18

%022

00| Mg

96 1248 26 wd Ly Mg

lesys pues

2E M 'E9° Wy

9€° M '85° IS

- is

. 8§
12 4 s
re L3
- o
[ ¥4 w4
edAy
[TIEL ]

%022 suojiisuen piemdn ssuspunqy %

801340 poold

138 VIVQ NOILD3S SVAEQ HO3d NOLLYZINVDUO §3I0VJ TYNHILINI GNY NOILISOdNOD LNIWI13 40 SISATYNY AHYAWNS 9°¢ 318VL

sin = p) ‘seinbeuy = | ‘Aaem = M ‘uens = 3 (9,)

)y=19 peujep Aidieyg = s (s.)

UMOIQ WIEP JO eouenbes jeuoiiEPEID = G- (%0 (V.)

Buuesieod piemdn = ‘9N ‘Bujuyp premdn = “4'n ‘pepesB Ajjewseiy) = ‘D1 ‘Wiojun = N ‘snoueBaieiey = | (€.}

S13AVHD
1v1d
JLNHD
30014
aolistia
13

4

(s.)
edh)

1o Sy} UM pou) s6j0®) |w 10} Wnod eBmusdsed se perenden (Z.) spues 1d seg = 10y ms|Q = GOLSIQ '198Ys pueg = SS 'e|94kd poold = 04 (I.)
S %00t 89’ 04 - - - - - - - - - - - 8
D %001 00'L 04 - - - - - LT - oy 0 0'82Z 2 1
S %001 00’1 04 - - 8 St £40 %02 1 %0L O %0L Sl 82 sz 82y 12 [
S %004 00'L S - - ¥ €L YN0 %0Z ‘2T %P2 H %L [ 12 z¢ 019 2L €l
ones ezs (suun o)
(s.)  seouennxo jo (wo) {wo) (r.)(2.) (e.)(2.)  epued onjea oz (wo) wiod
uonyuiieq (v %022 Ul a Mm a 1 (lunoo Aq) {iunoo Aq) piemdn  Bujuos  ejjued  ssewnoyy (%)  sishjeve Aq
aceyng feseg  puno} ] 0 f ] | 10100 Xjw \p ¥ | I ) | ¥ 3 pungt 1N000
weweje plemdn ybnos) ejddh Weujwopeld  Jueujwopeld UM ueeyy ueeyy  eBeioay 13 fo 109

FIvOS LININ313 IHL LV 136 VIVG NOWD3IS Svaa 40 SISATYNY

IVOUSUYLS AHVMAINS 9°¢ 318YL

212



9: 3 : 2 Analysis of Brabend bank exposure

Brabend section is located in the concave bank of a secondary channel 0.6km from the main
channel, 0.6km down-valley of Dbas section. The floodplain surface is scoured by a series of chute
channels, with large logs washed onto the surface. Depth of floodplain sediments (=3.5m) are

notably greater than observed up-valley.

As in Dbas section, Brabend section is composed almost entirely of lower energy facies (Table
9.7). Flood cycle deposits are the major element at each analysis point, and make up 71% of
Brabend section (Figure 9.2, Table 9.8). These are observed in thick units, averaging 1.3m,
immediately above the basal gravels. Particle size, sediment mix and color characteristics of flood
cycle deposits are almost identical to those described previously. Facies Sr and Sw are dominant,
with a reduced proportion of facies Fm in comparison with the overall data set (Table 9.9). The

latter facies, however, predominates as the preferred next-facies state.

In the three down-section analysis points, distal overbank deposits are located within the
flood cycle element, forming a 1.2m thick wedge in mid-sequence, which gradually tilts
down-section. This element makes up 21% of Brabend section. Although average thickness is
thinner than in the overall data set, it still averages almost 1.1m. Facies Fm occupies 60% of this
element, and is the dominant upward facies transition (Table 9.9). This is interbedded with facies
Sr units, the average dimension of which are greater in these distal overbank sequences than

others. Sediments are banded dark brown in color and are heterogenously mixed.

At the upstream end of the section, chute deposits are located atop flood cycle deposits, with
sand sheet deposits at their margin. Both these elements occur as wedge-shaped units located at
the lowest elevations of the floodplain surface (i.e. the points most likely to be overridden by flood
flows). The chute unit has average thickness, but occupies only 6% of the section. It has a lower
energy facies fill, with a facies Fm-Sr-Sw transition. Sand sheet deposits are composed solely of
facies Sr. The basal surface of the section varies by 0.75m in elevation, and is least deep in

mid-section.

At the facies scale, sediment sequences in Brabend section are extremely discontinuous
within and between elements, in both longitudinal and vertical senses. Relatively thick facies units

are irregularly interbedded throughout the section. In the case of facies Fm, this is explained by its
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prevalence within thick distal overbank deposits. Facies Sr is dominant (54%), and is slightly
coarser (by 0.5¢), has slightly smaller average dimensions, is more heterogenously mixed, and is
darker in color than in the overall data set. Other facies types are roughly consistent in terms of
particle size, sediment mix and color, but generally are better sorted than in the overall data set.
Given the lack of high energy facies, overall mean particle size of Brabend section is 0.3 ¢ finer

than in the overall data set.

Facies organization in Brabend trench is dominated by transitions to facies Fm. Transitions
to lower energy facies are prevalent, even above the basal gravel facies. Basal contacts are
sharply defined for all transitions, and generally are wavy or tilted in outline, other than the
irregular outlines above basal gravels. Vertical particle size trends are upwardly consistent, or
alternate between fine and very fine sand units. There is no evidence of any down-section particle
size trends, other than the greater proportion of very fine sands within the distal overbank element

at the downstream end of the section.

9: 3 : 3 Analysis of Upstat bank exposure

Upstat section is located between Roadup and Statbar bars of the 1985 data set, but is.
marginal to a substantial secondary channel within the established floodplain, 0.6km west of the
present main channel. Local environmental conditions are similar to those experienced adjacent to
Brabend section, with chute channels at the floodplain surface, but vegetation is not as well
established, and floodplain depositional sequences above framework gravels are not nearly as

thick.

Facies composition of Upstat section is very similar to Dbas and Brabend sections, as lower
energy facies are dominant, occupying 86% of the section (Table 9.10). Once more, facies Sr is the
predominant facies (71%), with lower proportions of facies Sw and Fm. All facies have smaller
average bed thicknesses than in the overall data set, but particle size, sediment mix and color
characteristics are generally consistent. Exceptions to these observations are the primarily
uniform nature of facies Fm beds and the black colour of facies O units (observed as thin litter
layers). The reduced proportion of facies Fm (the finest facies) results in an overall mean particle
size that is consistent with the overall data set. When observed, high energy facies are extremely

thin units. Facies St units have smaller dimensions than in the overall data set.
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Facies Sr and Sw are preferred next-facies states for virtually all facies in Upstat section.
Indeed, in 63% of instances, facies Sr is the preferred upward facies transition from basal gravels,
indicating that lower energy facies are dominant throughout the vertical sequence. Basal contacts
are sharply defined in all instances, and are predominantly wavy other than the irregular outlines

of surfaces above basal gravels.

Elements are considerably thinner in Upstat section than elsewhere, and floodplain
sequences thin gradually down-section, with a relatively uniform surface, but an up-valley tilting
basal contact (Figure 9.3). The surface is, however, dissected by two, extremely shallow (< 20c¢m)
chute units. These have a very simple facies make-up, and are composed of heterogenously mixed,
light brown, facies Sr and Sw units (Tables 9.11, 9.12). Ripple dimensions are larger than’ those

typically observed within chutes.

Adjacent and beneath these chutes are two sand sheet units which both pinch out
down-section. The upstream unit thins considerably down-section. Sand sheet deposits are more
abundant in Upstat section than elsewhere (30%). Large scale ripple units are prevalent,
occupying 92% of this element. These light brown, internally graded, ripple units are found atop

facies St and O units.

Flood cycle deposits occupy 60% of Upstat section, and are found with relatively uniform
thickness at the base of the section. Thinly interbedded, lower energy facies are more upward
fining and lighter brown in color than observed elsewhere, but mean particle size, sediment mix
and ripple dimensions are consistent with the overall data set. Each of the four lower energy facies
is transitional upwards to two or three of the others. At two analysis points, thin platform gravels,

composed solely of facies Gm, are observed.

Down-section and vertical facies and particle size trends are relatively inconsistent in Upstat
section, with much intermingling of units. This is particularly evident between elements in the two
analysis points in which platform gravels are observed. The overall mean particle size is roughly

consistent with the summary bank exposure data set.
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9: 3: 4 Analysis of Statbar bank exposure

Floodplain deposits examined in the Statbar bank exposure are considerably younger than
others sampled in the braided reach. These deposits are located at the opposite edge of a well
developed vegetative zone to the bar platform sequences which were examined in the 1985 data
set. A series of diagonal chutes cut across the bank exposure. Between the main channel and

Statbar section is an expansive, recently deposited, gravel platform.

Although facies composition is much more spread among facies in Stathar section than in
previously examined sections, facies Sr is once more the dominant facies, occupying 61% of the
section (Figure 9.4, Table 9.13). The proportion of lower energy facies is roughly equivalent with
the overall 1987 data set (86%), but the proportion of facies Fm is nptably reduced. Facies Sr and
Sw units are considerably thicker than in the overall data set, averaging 0.3m apiece. Among high
energy facies, facies St is dominant, although this is only observed in two instances. Their average
thickness, however, is much greater than elsewhere (almost 0.8m). The greater proportion of this
facies, along with its particle size in the fine gravels class, results in an overall mean particle size
for Statbar section which is 0.5¢ coarser than in the overall 1987 data set, although this mean size
is still in the fine sand class. Average particle size, sediment mix and color characteristics by facies
are consistent with the overall data set. The upward particle size ratio indicates that trends are
generally upward coarsening. Average ripple dimensions are consistent with the overall data set,

whereas trough dimensions are somewhat larger.

Facies organization is dominated by transitions to lower energy facies, even from the basal
gravel facies. Sequences are relatively simple in composition, as one facies is often upwardly
dominant (typically facies Sr). As noted elsewhere, basal contacts are sharply defined and wavy in

outline, other than the irregular outlines above basal gravels.

Statbar is the only bank exposure studied in which chute infill deposits are the dominant
element (Table 9.14). Indeed, the character of this section is more similar to trenches than to other
sections, with pronounced longitudinal and vertical transitions (i.e. unconformities) at both the
facies and element scales. Facies are extremely longitudinally discontinuous. Particle size trends
are equally variable, as these are upward fining at the section head, upwardly consistent in

mid-section, and upward coarsening down-section. The basal surface is quite irregular
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down-valley, varying by up to 0.5m, and actually rising down-valley. The floodplain surface is also
irregular, but variability is not in phase with the gravel surface, resulting in widely varying depths
of sediments at each analysis point. These trends all relate to element organization within Statbar

section, especially the position and character of chute channels and their infill,

Given their diagonal orientation, chute channel dimensions cannot be recorded directly from
the section diagram. Their internal character varies widely, but chutes are dominantly made up of
light brown, heterogenously mixed, fine-medium sand, lower energy facies (facies Sr alone occupies
78% of this element; Table 9.15). Facies St units are notably coarser than elsewhere. The chute
at the up-valley part of the section is deeper than the others, and has an upwardly consistent,
lower energy facies infill. Lower energy facies are much more intermingled in the chute in
mid-section, whereas sediment sequences coarsen upwards in the larger chute at the down-valley
end of the section. This latter trench is the only unit which has not scoured to basal gravels.
Rather, it rests upon relatively thin, remnant, wedge-like units of flood cycle deposits and bar

platform sands. These units have broadly tilted outlines (i.e. they are not horizontally aligned).

Remnant bar platform and flood cycle deposits are also marginal to the up-valley chute.
While the former is composed solely of poorly sorted, coarse sand facies St, the latter is made up of
thinly interbedded lower energy facies immediately above basal gravels (i.e. with distinct
unconformity). Mean particle size, sediment mix and ripple dimension characteristics of flood cycle
deposits are consistent with the overall data set, but sediment sequences are slightly upward
coarsening and lighter brown in color. They are composed predominantly of facies Sw (72%) and
facies Sr (24%), with intermingling among lower energy facies in a similar fashion to that shown
elsewhere. In contrast, wedge-shaped sand sheet deposits at the floodplain surface have twice
their average thickness, with extremely simple facies composition (facies Sr occupies 97% of the
element). These heterogenously mixed, loose sands exhibit a wide range in color, and are slightly

coarser than sediments beneath them.

Given the high proportion of chute units (57%), ridge deposits are less prevalent in Statbar
section than expected (5%). As with chutes, however, their average thickness is greater than
shown for the overall data set. These heterogenously mixed, banded light and dark brown fine
sand sediments, are not upward fining, as indicated for the overall data set. Located atop a

remnant bar platform unit, ridge deposits are composed solely of facies Sr and Sw.
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9: 3 :5 Analysis of Dstat bank exposure

Dstat is located at the downstream end of the braided section of the study reach. The section
has substantial vegetation atop, with some trees =50 years old. Root systems and old log jam
deposits have severely disrupted sediment sequences in this section. The section is separated from
the main channel by a substantial gravel platform, which is itself separated from the section by a
secondary channel. Gravels at the floodplain base rest about 0.4m above the general elevation of

this platform.

Although facies Sr is the dominant facies in Dstat section, its prominence (46%), is less
marked than in other sections of the braided reach (Table 9.16). Lower energy facies occupy 77%
of the trench, which is somewhat less than in previous sections. Mean particle sizes are roughly
consistent with the overall data set for all facies (except facies Sh, which occurs only once),
resulting in an overall mean particle size for Dstat which is 0.4 ¢ coarser. Lower energy facies
generally are less well sorted than elsewhere. Whereas lower energy facies (except facies Fm) are
thicker than in the overall data set, high energy facies are thinner. As observed previously, lower
energy facies are primarily banded dark brown, heterogenously mixed, fine sands, while high
energy facies are internally graded, light brown, medium sands sands. Ripple and trough

dimensions are roughly consistent with the overall data set.

Other than a single ridge element, average element thicknesses in Dstat section is lower than
for the overall data set (Table 9.17). Platform sands are found as the basal element across most of
the section (Figure 9.5), and make up 31% of deposits. Their thickness varies markedly, thinning
as the basal surface rises towards mid-section, and pinching out at the deepest part of the section.
Facies composition of platform sands varies notably from one analysis point to the next, with
transitions from high to lower energy facies sequences, and upward fining, upward coarsening and
upwardly consistent particle size trends at different locations. 67% of this element is made up of
lower energy facies, with facies Sr and St as .basal facies. Although ripple dimensions are larger
than elsewhere, trough dimensions are smaller. Individual facies units are more internally graded

than in the overall data set, and the overall mean particle size for platform sands is 0.5¢ finer.

Flood cycle deposits rest atop platform sands, with a tilted basal contact. These deposits

make up 41% of the trench. They are composed primarily of facies Sr and Sw (94% combined),
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with complex intermingling of lower energy facies. Deposits are lighter brown in color and more
clearly upward fining than elsewhere, but their character varies markedly at each-analysis point in
the section (Figure 9.5). The morphology of flood cycle deposits is highly irregular, as they have
ridge deposits within and sand sheet deposits both within and atop. Contacts with these elements

are sharply defined, and either tilted or wavy in outline.

Sand sheets are either at the surface, within flood cycle units, or have chute deposits atop.
These occupy 18% of Dstat section, and are upward coarsening in character. Mean particle size is
coarser than noted elsewhere. As in the overall data set, there are a mix of heterogenous and
internally graded beds, which are predominantly light brown in color. Although all units have
simple facies compositions, their facies character varies markedly in different analysis points. The
smallest unit is only 0.2m thick, and extends over about 15m at the floodplain surface in an infill
unit. A second sand sheet unit rests beneath the first, and is enclosed within flood cycle deposits.
This unit is composed solely of facies St. It maintains an average thickness of 0.5m, with a flat
basal contact, before pinching out sharply down-section. In contrast, the major sand sheet unit tilts
considerably down-section, gradually thinning in that direction. Facies composition varies
markedly from point to point, switching from a lower energy facies composition, to a mixed
composition, to a high energy facies composition. Average facies Sr and St dimensions in the sand

sheet element are finer than in the overall data set.

Ridge deposits form an infill unit within flood cycle deposits at the deepest part of the section.
These deposits are not marginal to a well defined channel, evidencing the difficulty in establishing
definitive boundaries to these units in longitudinal section. The unit is composed of interbedded
facies Sw and Sr, and has an upward fining particle size trend. Sediments have heterogenous
mixes and exhibit a range of brown color tones. Average ripple dimensions are notably larger than
those observed within other ridge elements. Chute deposits in Dstat section form a thin surface
unit at the upstream end of the section. This unit is marginal to flood cycle deposits, and has a

lower energy facies infill, with a wide range of colors and heterogenous sediment mixes.

Given the irregular pattern of element associations, and within element facies variability,
facies organization is extremely complex within Dstat section. There are no consistent within or
between element trends either down-section or in vertical sequence at any analysis point. Facies

Sr is even a preferred transition above basal gravels, with predominantly upwardly consistent
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lower energy facies above. Occasionally, thin remnant high energy facies are found at the base of
sediment sequences, which are more upward fining than observed previously. Basal contacts are
sharply defined, with irregular outlines above gravels, and a mix of surfaces elsewhere. Although
the floodplain surface is relatively even, with minimal chute disruption, the basal surface and
element configuration are complex, with notably down-valley discontinuity. This seemingly
reflects a previous history of floodplain reworking, with contemporary leveling of the surface by

flood cycle deposits.

9 : 3 : 6 Summary analysis of braided channel planform reach bank exposures

Given their differing local environmental characters, age of deposits and down-valley
positions, the five bank exposures studied in the braided reach vary remarkably little one from the
other. Lower energy facies are dominant throughout, occupying =75% of each section, and =95%
of the three up-valley sections. These latter three sections are composed primarily of vertically
accreted, flood-related deposits, especially flood cycle units. Statbar section is made up primarily of
lower energy facies, chute channel infill deposits. Only at the down-valley reach limit, in Dstat
section, are bar platform deposits preserved to a significant extent (31% of the section) and, even in
this case, 67% of the element is composed of lower energy facies. Sediment sequences in bank
exposures in the braided reach are characterized by upward transitions from basal gravels to
vertically consistent lower energy facies, with occasional high energy facies units (occuring either
as basal bar platform remnants, or within surficial sand sheet units). This unconformity within
the floodplain depositional suite is evidenced at virtually all analysis points. Indeed, bar platform

deposits are not evidenced at all in the two up-valley bank exposures, Dbas and Brabend sections.

The thickness of floodplain deposits varies greatly from section to section. This is the
primary control upon element thickness. Element organization in bank exposures accords with the
framework predicted by locale analysis (section 7.4), in that there is an irregular mix of flood cycle,
sand sheet, ridge and chute channel elements above occasional bar platform deposits. These
elements are longitudinally discontinuous, and are not horizontally aligned in vertical sequence.
Sequences are dominated by flood cycle deposits, which rest atop basal gravels and extend virtually
to the floodplain surface in the three up-valley sections, and are prominent units in Statbar and

Dstat sections. These are over 3m thick in Brabend section, but generally are between 1-2m thick

229



in other braided reach bank exposures.

Discontinuous sand sheet deposits are found within this element in Dbas and Dstat sections,
and atop flood cycle deposits in Brabend, Upstat and Statbar sections. These range up to 1m in
thickness. In general, flood cycle and sand sheet elements have roughly evened out floodplain
surfaces, whereas basal gravel contacts are highly irregular in outline. Chute channels are
observed marginal to sand sheet deposits, in all sections examined in the braided reach except
Dbas, with small ridge units in Statbar and Dstat section. Both chute and ridge deposits are
relatively thin (< 1m, except in Statbar), and extremely discontinuous down-section. In Brabend
section, distal overbank deposits are a major element in mid-sequence, but they pinch out
up-valley. Indeed, flood cycle deposits are the only longitudinally extensive element. As mentioned

previously, basal contacts are sharply defined, and typically are tilted down- or up-valley.

At the facies scale, each element has similar summary sedimentologic characteristics to
those described previously (e.g. Table 8.5), but element composition is highly variable from one
analysis point to another (i.e. facies are extremely longitudinally discontinuous). This effect is less

prevalent in distal overbank deposits, which have a relatively uniform facies Fm composition.

Although considerably less prevalent than in previous data sets, the position of high energy
facies units varies within depositional sequences studied in braided reach bank exposures. They
are not consistently positioned within or between sections; indeed, they often vary within element.
They are typically observed within bar platform, sand sheet or chute elements. Given the variable
within-sequence position of the latter two elements, this indicates that one-dimensional
examination of sediment sequences in the braided reach could indicate that deposits are upward
fining, coarsening, or consistent. These trends are all evidenced within Statbar section, at the
section head, tail and in mid-section respectively, and confirm observations made in the 1985

analysis.

Facies characteristics in the braided reach are consistent with those described elsewhere.
Sediment sequences are dominated by thinly interbedded facies Sr and Sw units. The proportion of
facies Fm is highly variable from point to point, especially whenever distal overbank deposits are
observed (e.g. Brabend). Vertical and longitudinal particle size trends are extremely variable both
within and between both elements and sections, in virtually all instances. However, sequences are

dominated by fine or very fine sands; medium or coarse sands are seldom observed. The lack of
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these sands, which are prevalent upon adjacent exposed bar surfaces, can be related to chute
channel and flood flow reworking of deposits, and replacement by waning-stage deposits. Chute
channels are prevalent only on Statbar, but given the evidence from trenches, it is inferred that
this mechanism of removal is prevalent throughout the study reach, and is especially effective
upon braided planform floodplain deposits. Accordingly, overall mean particle sizes are

consistently in the fine sand class for each section in the braided reach.

Although most of the characteristics described above apply equally to all sections in the
braided reach, there is some evidence for within-section variability, especially in a down-valley
sense. The two down-valley sections have a greater proportion of coarser sand, high energy facies,
within chute and bar platform elements. Facies are more thickly interbedded, and less upwardly
consistent than in other sections, as they are less dominated by vertically accreted, flood-related
deposits. Indeed, the character of Statbar and Dstat sections is clearly marginal to sections
observed in the wandering reach (outlined in the section 9.4). In summary, however, lower energy
facies are highly intermingled at all braided reach bank exposures, with marked variability at the

facies scale from one analysis point to the next.

9: 4 : 1 Analysis of bank exposures in the wandering river planform reach : Widewand section

Four bank exposures were examined in the wandering reach. Widewand section is located at
the outside bank of a formerly significant channel at the upper end of the wandering reach. The
floodplain is very extensive, as the valley widens in this area, but there is also a wide expanse of
active channel and bars. Floodplain vegetation is substantial, and there are a series of diagonal
cutting chutes immediately downstream of the section area. Several substantial logs were found

sticking out from the bank.

Lower energy facies dominate Widewand section, with facies Fm especially prevalent,
occupying 40% (Figure 9.6, Table 9.19). These form a thick (= 1.2m), extensive distal overbank
unit atop platform sands or basal gravels across the section (Tables 9.20, 9.21). This unit thins in
mid-section, within the deepest sediment sequences. As distal overbank deposits result from low
energy depositional mechanisms, they follow underlying relief in form, in this instance with an
irregular, arch-like form. These very fine, heterogenously mixed, sands are either dark brown or

grey in color.
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Bar platform sands are found in two basal units in Widewand section. The upstream unit is
a tilted, 0.3m thick, facies Ss unit, within a 4.5m deep analysis point. The other, substantially
larger unit, is composed primarily of heterogenously mixed, banded light and dark brown, facies Sr
deposits. These deposits thin appreciably down-section, but as with the distal overbank element,
they adopt an arch-like form, reflecting the irregular form of the underlying gravels. Their mean
particle size is considerably finer than elsewhere, since these are upper bar platform deposits, the

lower reaches of which were beneath the water table and hence could not be sampled.

Sand sheet deposits rest atop distal overbank deposits in a wedge-like form, at the floodplain
surface, with an average thickness of 0.85m. In contrast to other sand sheets, their internal
composition and particle size trends are highly variable. Prominent, light brown, facies St and Sw
units are mixed in an irregular manner with facies Sr and thin facies Fm units, producing variable
down-section and vertical facies and particle size trends. Their mean particle size is actually
coarser than the basal bar platform sands. Trough dimensions are quite large, reflecting high
energy depositional flows. As the sand sheet unit pinches out at the downstream end of the
section, a small flood cycle unit, composed solely of facies Sw, rests atop the distal overbank

deposits.

The dominance of massive, very fine sands in distal overbank deposits results in an overall
mean particle size 0.45¢ finer than for the overall data set. Facies Sr is b.5¢ finer and darker
brown than elsewhere, with smaller average dimensions. Sedimentologic characteristics are
consistent with the overall data set for other facies. Average trough dimensions are significantly
larger than elsewhere. Particle size trends are consistent down-section, with no well-defined
vertical trend. Facies organization is very irregular, although lower energy facies predominate as
preferred next-states. Facies Fm, Sr and Sw are intermingled in thick units. Of the five upward
transitions from basal gravels, three are to lower energy facies. Basal surfaces are sharply

defined, with wide variability in their outline.

9: 4 : 2 Analysis of Upash bank exposure

Although geographically very close to Widewand section, sedimentologic conditions around
Upash are extremely different. Deposits are not as old, and distal overbank deposits are not

observed. Rather, the section is located in a relatively recently deposited unit adjacent to Ashlu
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Fan. A secondary channel separates this unit from the contemporary bar deposits studied in the
1985 and 1986 data sets. Numerous chutes have disrupted deposits at the floodplain surface,
resulting in complex facies and element mixes (Figure 9.7, Tables 9.22, 9.23). The proportion of
lower energy facies is considerably greater than demonstrated in Upash hole or trench data sets
(sections 6.6.5 and 8.3.2), probably reflecting the greater elevation of these deposits above the

main channel.

The three chute channels each have a predominantly lower energy facies infill (86%; Table
9.24), but facies organizations are quite different in each instance. The chute at the floodplain
surface rests atop and adjacent to vertically accreted, flood-related deposits, and has a laterally
and vertically consistent facies Sw fill. The two other chutes both rest within flood cycle deposits
(one atop the platform element). These are smaller units, the facies composition of which varies at
each analysis point, with upwardly consistent, upward fining and upward coarsening trends!
Whenever observed, facies St units have small average dimensions. All chutes are composed of

heterogenously mixed, fine sands, with a wide range in colors between beds.

The sand sheet element which sits atop and adjacent to these chute and floodplain deposits at
the floodplain surface consists of individual units of facies Sw and Sr, the average particle size of
which are considerably coarser than surrounding units. These deposits thicken to 0.8m deep
down-section, prior to being disrupted by a chute channel. Their basal contact has a shallow
arch-like form. Although the thickness and form of flood cycle deposits varies considerably, they
rest atop platform sands at each analysis point. Their facies composition and particle size trends
are very mixed, with interbedded lower and high energy facies, and no consistent down-section or
vertical trends. Facies Fm dominates as the preferred next-facies state. Sediments are

heterogenously mixed, banded dark brown fine sands.

Inconsistencies in flood cycle depositional form and character stems in part from the
irregular bar platform surface upon which they are deposited. The basal surface varies by over
1.0m down-section. Platform sands tend to thin in that direction, averaging 0.8m thick. They
exhibit different facies and particle size characteristics at each analysis point, with mixed lower

and high energy facies. Sediments are finer grained and darker in tone than observed elsewhere.

Lower energy facies are somewhat coarser and have thicker beds than in the overall data

set, with consistent sediment mix and color characteristics. They are less prevalent than
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elsewhere, occupying 76% of the section. Facies F'm and Sw dominate as the preferred next-facies
state. High energy facies are coarser sands than lower energy facies, but are finer and in thinner
beds than in the overall data set. Trough dimensions are notably smaller. Overall mean particle
size is 0.2¢ coarser than for the summary 1987 data. Upward particle size trends are highly
irregular, both within and between elements. Basal surfaces are sharply defined, and generally
wavy or tilted in outline. Recent reworking of sediments has resulted in a much more regular

floodplain surface than basal gravel contact, implying that deposits have equalized existing relief.

9: 4 : 3 Analysis of Tflent bank exposure

Tflent section is located in the bank of a secondary channel at the eastern margin of the
Squamish Valley floodplain, roughly 0.5km east of Tflent bar. Diagonal chutes and thick sand
sheet deposits are observed on the adjacent floodplain surface. As noted in the 1985 and 1986 data
sets (sections 6.6.6 and 8.3), lower energy facies are prominent (78%), especially thinly
interbedded facies Sw units (which occupy 66% of Tflent section; Figure 9.8, Table 9.25). Facies
composition is much simpler than in the other wandering channel planform sections, however, as
facies Sr is seldom observed. Vertical facies and particle size trends are either upwardly

consistent, or indicative of up-sequence reduction in energy of deposition.

Although the general relationship between elements is similar in Upash and Tflent sections,
there is much less disruption of sediment sequences by chute channels in the latter case. Basal
gravels are transitional to piatf‘orm sands, with flood cycle deposits atop. Sand sheet and chute
elements form discontinuous units at the irregular floodplain surface (which increases in elevation

by 1m down-section).

Platform deposits extend across framework gravels at all but the upstream analysis point,
occupying 31% of the section (Table 9.26). These medium sands thicken to = 1.5m down-section,
with a ridged basal outline. They have simple facies compositions at each analysis point, but facies
are discontinuous down-section. As observed in the 1985 and 1986 data sets, facies St and Ss are
dominant (Table 9.27). Trough dimensions are larger than observed elsewhere. At the upstream
end of the section, a thin ridge element, composed solely of lower energy facies Sw and Fm, rests

atop platform sands. These are banded dark brown, heterogenously mixed, fine sands.
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FIGURE 9.8 TFLENT SECTION
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Flood cycle deposits are the dominant element, occupying 42% of Tflent section. These
extend atop platform sands, thinning out from a maximum thickness of =2m down-section. At the
section head, these deposits are at the floodplain surface, but they are disrupted by a small chute in
mid-section, and a thick sand sheet at the down-section end. The thickness and degree of
interbedding of facies Sw and Fm vary markedly within flood cycle deposits at each analysis point.

They are banded dark brown, heterogenously mixed, fine/very fine sands.

The previously mentioned surficial chute channel unit is very thin (0.3m), and has an
upward coarsening, lower energy facies fill (97% facies Sr). Sand sheet deposits are found in two
units, both composed solely of facies Sw, at either end of Tflent section. At the upstream end, an
upward coarsening, loose sand unit is observed atop basal gravels, marginal to flood cycle deposits.
The down-section unit thickens down-valley, evening out the floodplain surface atop and adjacent to

flood cycle deposits.

As observed in all previous sections, lower energy facies are found atop basal gravels and
extend in an irregular manner up-sequence. Three of the eight analysis points in Tflent section
have sequences indicative of up-sequence reduction in energy of deposition, and upward fining
particle size trends. Overall mean particle size and facies characteristics in the section are similar
to those of the overall data set, although facies Sr is 0.7¢ finer and has smaller average

dimensions.

9: 4 : 4 Analysis of Fallop bank exposure

Fallop section is located in a very large, rapidly eroding, concave bank, immediately opposite
Fallbar, downstream of a chute cut-off from a major point bar unit. Vegetation on the floodplain
surface is very well developed, with a wide range of species (maximum age =50 years). Active
channel width is extensive at this part of the valley. This section is at the margin of the wandering
and meandering channel planform reaches, and is a more extensive (=200m long, =4m deep)
section than those observed up-valley. It has a very simple element composition (Figure 9.7), with
basal gravels transitional to platform sands, which in turn are transitional to distal overbank

deposits, with flood cycle deposits at the floodplain surface throughout the section.
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Facies composition in Fallop section, however, is divided among facies Sw, St, Sr and Fm,
although lower energy facies make up 71% of the section (Table 9.28). The high proportion of
facies Fm relates to the distal overbank element, which occupies 20% of the section (Tables 9.29,
9.30). Bar platform and flood cycle deposits both thin down-section, althought the basal contact is

highly irregular. The floodplain surface tilts down-valley.

Sediment sequences are consistent at each analysis point, with basal gravels transitional to
upward fining bar platform deposits, which have a higher proportion of lower energy facies than
observed elsewhere. Thick, coarse sand, facies St units typically are transitional upwards to facies
Sw and Sr units, which are slightly coarser than in the overall data set. As composed of a broader
range of facies than in other sections, the =1.7m thick, bar platform deposits in Fallop section
exhibit a broader range of sediment mixes and colors than observed elsewhere. The abundance of

bar platform sands (53%) is greater than in any other section.

Distal overbank deposits occupy 20% of Fallop section. They have an average thickness of
0.55m, which is maintained consistently down-section, with an irregular shape. Sediment
sequences are extremely similar, with six to eight upward coarsening, lower energy facies units at
each analysis point. In up-section points, these are composed solely of facies Fm units, but these

are interbedded with facies Sw units down-section. These are dark brown, very fine sands.

Flood cycle deposits thin notably from =2.5m to 0.5m down-section. The proportion of lower
energy facies increases notably in that direction; indeed, facies St units are observed only in the
upper four analysis points and occupy just 15% of this element. These units possibly reflect a high
energy chute unit, as flood cycle deposits are lower in elevation at this point. The remainder of this
element is composed primarily of facies Sw (61%). Deposits are somewhat coarser than observed
elsewhere (reminiscent of surficial sand sheets), but generally are compact and cohesive, dark
brown sands. Particle size trends are inconsistent both down-section and vertically. The lack of
sand sheet deposits is possibly explained by the greater elevation of these deposits above the

channel.

In summary, sediment sequences in Fallop section are upward fining, with high energy
facies generally at the base of sequences, and interbedded massive fine sands in mid-sequence
(distal overbank deposits). Lower energy facies are more thinly interbedded than in the overall

data set, but less intermingled. In contrast, high energy facies are thicker and slightly coarser,
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resulting in an overall mean particle size 0.5¢ coarser than for the summary data set. Facies and

element characteristics are similar to those demonstrated elsewhere.

9: 4 :5 Summary analysis of wandering channel planform reach bank exposures

The four bank exposures studied in the wandering reach have highly variable elemental
compositions, whereas their facies compositions are relatively consistent (the lowest proportion of
lower energy facies is 73% in Fallop section). Elements are organized roughly horizontally in each
instance. In Widewand section, distal overbank deposits and sand sheet units are atop irregular
bar platform deposits. The vertical elemental arrangement from platform to flood cycle to sand
sheet deposits is evidenced in both Upash and Tflent sections, but is disrupted in the former
instance by three chute channels. In Fallop section, platform, distal overbank and flood cycle
elements are very clearly vertically stacked with an horizontal arrangement down the entire

section. Indeed, only in Upash section are elements longitudinally discontinuous to a major degree.

Floodplain sequences are considerably thicker in Fallop section than in other wandering
reach sections, extending to =4m. The greater elevation of the floodplain at this location possibly
precludes the presence of sand sheet deposits at the surface of this section. Other than at the
heads of Tflent and Fallop sections, floodplain surfaces are roughly flat, as vertically accreted,
flood-related deposits have smoothed former depositional surfaces. Sand sheet deposits are
prevalent at the surfaces of other sections, with wedge-shaped units up to 1.2m thick. These
extend over virtually the entire 125m surface of Widewand section. In general, these units have
very simple facies compositions, and are primarily loose, fine-medium sand, facies Sr or Sw units.

In Widewand section, these are mixed in an irregular manner with facies St units.

Flood cycle deposits extend across Upash, Tflent and Fallop sections (at the surface in the
latter two instances). In Upash, these units often thin at various analysis points, but in Tflent and
Fallop sections flood cycle deposits thin down-section, with a maximum thickness of almost 2m.
Although composed primarily of lower energy facies, their composition varies markedly from
analysis point to analysis point, especially in terms of the proportion of facies Fm. At the tail of
Upash section and at the head of Fallop section, facies St units are observed, possibly reflecting
former chute channels, which could not be recognized in longitudinal exposure. Accordingly,

particle size trends within flood cycle deposits are highly irregular both vertically and down-section.
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Distal overbank deposits extend across both Widewand and Fallop sections in mid-sequence,
but are not observed in the other bank exposures in the wandering planform reach. Deposits are
thicker in Widewand section (up to 2.5m), but their thickness varies, with an irregular arch-like
form. The basal contact is similarly irregular in Fallop section, where the deposits retain a
uniform thickness of about 0.6m down-section. Other than thin facies Sw units, distal overbank
deposits are composed solely of facies Fm in Widewand section, whereas in Fallop section there are
six to eight upward coarsening facies Fm units at each analysis point, interbedded with facies Sw

in the downstream half of the section.

Chute channels are apparent as discontinuous longitudinal units in Upash and Tflent
sections. In both instances, these are generally found close to, or at, the floodplain surface, and
have lower energy facies infills (although the character of the three chute channels in Upash

section varies markedly). A thin, lower energy facies, ridge unit is observed in Tflent section.

The major difference between sections studied in the braided and wandering reaches is the
significantly greater proportion of bar platform deposits in the latter. These extend across most of
the bases of each section, their thickness gradually increasing from section to section down-valley.
Indeed, in Fallop section these are the dominant element, and are up to 3m in thickness. They are
more disrupted in other sections, with highly variable thicknesses down-section. Composition
varies widely form analysis point to analysis point in each instance, with mixed high and lower
energy facies, although in Fallop section facies St units are transitional upwards to facies Sr and
Sw deposits, with an according upward fining particle size trend. In each section, basal gravel

contacts are highly irregular.

Given the different facies organizations within-element in each section, there are no
consistent facies trends either vertically or down-section. High energy facies are found within sand
sheets in Widewand section, within chutes in Upash section, within flood cycle deposits in Upash
and Fallop sections, and in bar platform deposits throughout. The spatial arrangement of these
elements ensures intermingling of facies types within each section. Vertical facies sequences in
Widewand and Fallop sections are further disrupted by thick facies Fm units in mid-sequence.
Although particle size trends are evident by element type, when combined, sequences have highly
irregular trends both vertically and down-section, although fine sands are predominant. In

summary, the elemental composition of the four sections in the wandering reach varies
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considerably, but in general elements are horizontally stacked. Within-element facies compositions
are highly variable, but consistent with observations elsewhere in summary terms. Fine sand,
lower energy facies are dominant in each section. The proportion of platform deposits is
considerably greater than observed in the braided reach, and elements are more longitudinally

continuous.

9:5: 1 Analysis of bank exposures in the meandering channel planform reach : Campup section

Of the four sections sampled in the meandering reach, two are in relatively young
depositional sequences, in banks immediately upstream of point bars, while the others are thicker
and older, in cohesive banks on the eastern side of the channel in which distal overbank deposits
are prominent. One of these sections, Campup, is located at the head of the single channel section
of the study reach, 0.5km upstream of a major lateral bar (Beach Bar of the 1986 data set). To

examine the section, major slumps of material had to be removed to construct a vertical section.

The elemental character of Campup section is consistent at all but the downstream analysis
point (Figure 9.9). At this point, recent lateral bar deposits have been plastered onto the
pre-existing floodplain, with a very sharp contact. The distal overbank element curves away from

the main channel adjacent to these contemporary bar deposits.

Vertical and down-section particle size trends are extremely consistent in Campup section.
Other than the very fine sand, distal overbank deposits (which occupy 35% of the section,
composed solely of facies Fm), the section is made up of fine sands (Tables 9.31, 9.32, 9.33). This
is explained partially by the fact that basal channel framework gravels were not reached at any
analysis point, even though sediment sequences are over 5m thick! The observed basal bar
platform deposits have an average thickness of 0.7m (they are thinner in mid-section), and are
composed primarily of medium-brown, medium-fine sand, facies Ss. At all but the down-section
analysis point these are transitional upward to distal overbank deposits, which rest horizontally
above bar platform sands with a uniform 1.7m thickness. These grey-colored, very fine sands are
either massive or finely laminated, and have several charcoal layers within them, representing
localized forest fires at former floodplain surfaces. In several instances charcoal layers are

longitudinally contiguous down-section, over distances up to 130m.
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FIGURE 9.10 CAMPUP SECTION
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Flood cycle deposits in Campup section have a similar character to those observed elsewhere,
as these are heterogenously mixed, banded dark brown, fine sands, composed primarily of lower
energy facies (90%). They occupy 45% of the observed bank exposure, and are found in a uniform
thickness (1.6m thick) unit atop the distal overbank element, with a roughly horizontal contact.
Adjacent to the lateral bar, at the section tail, flood cycle deposits are over 4m thick, with many
thinly interbedded lower energy facies units (primarily facies Sw and Sr). The proportion of facies
Fm within flood cycle deposits is notably greater in other analysis points. These are observed at
very irregular positions within-sequence. At several analysis points, internal facies organizations
are indicative of up-sequence reduction in energy of deposition, with facies St units at the base of
sequences. These may represent chute channel deposits, which cannot be readily identified in
longitudinal section. Whenever observed, basal contacts between facies 'm and St generally are
tilted, possibly indicating scouring. Given the irregularity in within-element facies organization,

particle size trends are inconsistent both down-section and vertically.

Sand sheet deposits in Campup section are found in three units, all of which are at, or close
to, the floodplain surface. The up-section unit is a thin, fine sand, facies Sw unit. The second unit
at the floodplain surface thins down-section. Although primarily composed of facies Sw, these
deposits are notably coarser than flood cycle deposits beneath them. Finally, the third unit is at
the tail of the section, and has an irregular composition, with a distinct gravel component. Overall,
sand sheets are heterogenously mixed, light brown sands, which occupy 19% of the observed bank

exposure.

In summary, Campup differs from sections studied previously in that basal gravels were not
reached, and hence coarse sand, high energy facies are not observed at the base of the section.
Lower energy facies are typically thinly interbedded, especially within the flood cycle element.
Basal contacts are sharply defined, and predominantly wavy in outline. Individual facies
characteristics are consistent with the overall data set; the predominance of facies Fm results in an
overall mean particle size which is almost 0.5¢ finer. No vertical particle size trends are evident

(i.e. there is mixing of fine and medium-fine sands at each analysis point).
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9:5: 2 Analysis of Dcamp bank exposure

Dcamp section is located at the margins of the major chute at the head of Dcamp point bar.
Vegetation at the floodplain surface is relatively young, and could be pushed over easily. These are
sand sheet deposits, as noted in several trenches of the 1986 data set. Large logs have been
washed onto the floodplain surface, disrupting sediment sequences. About 100m up-section there
is the outline of a major former channel within remnant, very disturbed, floodplain deposits, around

which a large log jam has accumulated.

As shown in most sections, lower energy facies, vertically accreted, flood-related sediments
are dominant in Dcamp section, making up 79% of observed deposits (Tables 9.34, 9.35, 9.36;
Figure 9.10). These, and a small chute channel, are located atop 0.6m thick bar platform deposits
at the upper end of the section, and basal gravels in the lower three analysis points (marginal to

the contemporary bar platform).

The bar platform deposits thicken slightly down-section, but pinch out abruptly as the basal
gravel surface rises by over 1m. Upstream of this point the basal surface is also irregular, rising
by 0.5m in mid-section. Bar platform sands are dominated by poorly sorted, coarse sand, large

dimension, facies St units. These are light brown, internally graded units.

Flood cycle deposits rest atop bar platform sands and basal gravels with a surface which tilts
gradually up-section, and have an average thickness of 1.4m. Their composition varies notably
from point to point down-section, especially in terms of facies Fm presence. In general, facies Sr or
facies St units are transitional upwards to facies Sw units. Units are notably thinner than in the
overall data set. These are banded dark brown, heterogenously mixed, fine sands. Contained
within these flood cycle deposits, in mid-section, is a small, very thinly interbedded, lower energy

facies, chute infill channel.

A fairly thick (0.3m) sand sheet rests atop Dcamp section at all but the last analysis point.
This retains a relatively consistent, even outline, and has a simple facies composition at each
analysis point, but is very variable in longitudinal section, with alternating facies Sr, Sw and St
units. These light brown, internally graded deposits are significantly coarser than the flood cycle
deposits beneath them. A second sand sheet is found within the flood cycle deposits adjacent to the

contemporary bar platform. This is a thin, facies Gm unit.

254



¥2=Q'08=M IS'€=Q0'2l =1 15 {9

| %004
PL %05 '3 %0S
NL %02 ‘| %0V 'V %OF

M %001
N1 %08 ‘3 %05
N1 %0S ‘PL %0S
N1 %EE 'PL %EC ‘M %EE

M %001
nl %001

nl %004
NL %05 ‘PL %08

PL %L2 ‘M %8Y
Nl %2 ‘M %9
NL %0€ ‘PL %8P

M%LL
M %92 ‘PL %2ZE ‘NL %9E

M %SL
M %SL

M %S9

{s.)
edeys (q

Bujuesreod piemdn = "o'n ‘Bujuyy premdn = 4N ‘pepeiB Aeuselu| = ‘5’| ‘Wiolun = N ‘snoueboseley = H (2.)

S %001
S %004
S %001

S %001
S %001
S %001

S %001

S %001
S %001

S %001
S %001

S %16
S %001
S %96

S %¥8
S %001

S %08
S %001

S %88

v.)

enliyoie = y ‘weesisdn syl = nj ‘WRSNSUMOP SIl = p| “JeinBeiny = | ‘Aaem = pp ‘ueas = 3 (g,)

0z dg
0218

0518
00’} S
62 dg

62 Mg
& IS

0§ 1S
05" MS

05" M§
05" w4y
(2]
[~ ]
JA ]
€20
|2 ]
G6' MS
o’ is
€9 NS

$82U8.1INJ0 §0
%022 Ul

uopjupeq fe  punoj suopisuen
¢ @oewpns [eseg  s6oe) premdn

11 %001

IN0 %62 1T %S

1%0 %52 17 %S

140 %02 171 %9

2id %19

g %LL

MIQ %¥L

(€.)
10000
eUWOpe)y

160: 1

‘D'l %88

H %001

H %001

H % 'O %95

H %004

H %001

N %Ly ‘H %8S

(z.)
XRUH JUSWIPOS
evnopeld

opes ezj8 eronred premdn

ge

(1

ce

e

¥

K4

60

eneA

(Wwo u) Yipim = M ‘yidep = Q ‘yibuer = 7 : uojsuew|p yBnoyy pue ejddy ebeiery (9,)
1BV BUOjiEPRID = ©) 'lorIu02 paulep Adreys = 5 (r,)
SPUB] UMOIG WEP = BYQ ‘SPURQ UM0IQ Yrep pue 1yBy = yanT *Ae1b = H Woelq = g ‘umalq Iyb) = 1] “isexnrep = g yym ‘Buipeys umoiq yrep jo esuenbes jeuopepern = S-NA (€.}
(ww uj) D pue Wo seioe) 10} senfeA xewq ebesery (1.)

ovolL

ool

(4]

X4

0t

x4

£e

(4

oy

(1)

(syun @) o8  (wod) 9seunoyl
Bujuos uesyy eyojued ueeyy  peq ebeieay

0'ss

3:.4

424

g'c

961

el

9

1 44

2ov'z ezs epjued ueew fRIOAD

001

[+]}

0L

[+

[+

00l

0ol

0L

sojoy Aq
esuessids;,

)

°1

A

(%) eouepunge  S65UB1IN220

sepeq

04 siujod sisAreue jo sequinN

ol

9L

(Y4

L

10 18QUINN

wo

g

odA) sejoe4

31v0s $310V4 IHL LV 13§ Yiva NOLLDIS dNVOA 40 SISATYNY TVOILSILYLS AHVANNS #E'6 318VL

255



- - - - . . . . - vl - - uwo

s2 dg 'sL IS 89 - - - - - - - LT - - 1S

00’1 18 91 - - - - - - - - 00'L ™S 3 ds

- - 00t MS 1 - - - - - - 05" MS ‘05" W4 1 sS

- 9l 05 MS ‘05 w4y 8¢ - - - - 00't Mg 131 62 18 ‘05" MS rE )8

- - 02 ud ‘08 IS S - - - - - €l 02 w4 ‘62 O v IS s Mg

- - - - - - - - - - 66 MS 4 []

- - G2 88 'GZ 1S ‘0§ MS Sl - LIL] - e/u - - 0€ IS ‘59" Mg L wy

(114}

%022 %022 %022 %022 sejowy
suof)IsuR)] E.)QD SOUBPUNQY %  %0Z2 suojysue)) E-g: SIUBPUNQY % SuojIsSuRl) P_NBQD oUNqY % () v.ulaD P vV % suojisuen D._-)g SOUBPUNQY % % 0OZTSUONIsUeI] U._GBQD eouepunqy %
Spuss  WiI0) N4 HHuj ewnyd sysodeg u!‘ siisodep NURQIEAO [L2LIT] eys pussg .o_oho poold

13§ VAVA NOLLDIS dAVOd HOJ NOLLVZINVOYO $310V3 TVNUILANI GNV NOILISOdMOD AN3INITI 40 SISATYNY AHVANNS 9C'¢ 37avL

oyIyase = v ‘weesisdn Sl = n) 'WeSNSUMOP SN = pL JeinBewy = | ‘Axem = m ‘usre = 3 (9,) Ieuo) )= 9 peuyep Aidieus = g (s.)
Spueq UMOIQ Wep = BN ‘SPUBQ UMOJQ WeP Pus IyBH = QA7) ‘AesB = O WorIq = g ‘umoiq 1B = 17 Isewep = § Urm ‘Buipeys uMOIQ WeP O sdusnbes [suohEpRID = S-1Na (1.)
Buueieod piemdn = ‘O "Buuy piemdn = "' ‘pepeib Ajeuseut = ‘O| ‘Wiogun = ) ‘snousBoseiey = H (g.)

Wewers syl LM p: sejoe} g@ JO) 1UNCD eBejusdied ss pejeinaen (2.) spues wione(d Jeg = jmd "HuBQIeAD [B18]Q = GOLSIO '188Ys pues = SS ‘81940 poold = 04 (1.}
PL %05 ‘I %05 S %001 0z o4
vV %82 | %S S %001 0L 1vd - - - - - - - - - - 0} S1IAVHD
nL %S S %001 00'} 04 ¥z 9 y €1 1 %E8 H %EZ "Dl %69 §0: 4 e 20 L9 8l L ivd
nL %00} S %001 00’4 04 - - 2 8 M0 %2 ‘DI %L2Z N %EE B/Y ZLl %4 re 0L € L 3LNHD
- - - - - - - - - - - - - - - 30014
- - - - - - - - - - - - - - - @oisia
M %001 S %001t 00't 04 0t 05 L 1€ N %28 H %2 "Dl %EL - »e $'L S'8€ 9l [} (1]
M %82 S %001 08" SS - € 0l 0 %EZ 'ENQ %0E H %v8 0L vz e €2yl €9 ¥} 24
ojel ez {syun o)
{9.) > (§.)  seouesnao jo (wd) (wo) (r.)(2.) (e.)(2.)  eped enjea o8 (wo) wiod
edeys(q  uopjuyeq (e %022 Y| a m a 1 {unod 4q) Qwunoo 4Aq) piemdn  Bujios ejojurd  SSeuOIY) (%) sisheve Aq (1)
eoeung |eseg puNo} 10409 xXjw § P 4 3 3 $09Ue1JN220 odh)

jusweje premdn :u:o.,._. ,o_&_x uewwope.d euwopeld ITITHYYY ueepyy ureyy oBriony Eo«Eo_w Jo Jjequny uewe3

31vOS ANIWI13 3HL LV 136 VIV NOILO3S dNVOQ J0 SISATYNV TVOILSILYLS AHYMWNS SE'¢ 314Vl

256



In summary, elements in Dcamp section are roughly horizontally arranged when viewed in
longitudinal section. This principle applies for all but the bar platform sands, which are disrupted
by an abrupt rise in the basal gravel surface. Lower energy facies make up 77% of the section;
these are the primary constituent of the dominant flood cycle element. The proportion of high
energy facies is notably lower in those analysis points adjacent to the contemporary Dcamp bar
platform, as the platform element is not observed at these points. Facies characteristics are
similar to those observed elsewhere. Vertical sequences are roughly upward fining, other than the
coarser sand sheet deposits at the surface. Given the coarseness of the platform sands, and the
lack of distal overbank deposits, the overall mean particle size is 0.5¢ coarser than in the summary

bank exposure data set.

9 : 5: 3 Analysis of Sumart bank exposure

Sumart section was dug in the concave bank immediately opposite Bigbar. These thick
=5.5m, very old, floodplain sequences are similar in type to Campup, with a major, very cohesive,
distal overbank unit in mid-sequence. A major bench of contemporary sediments had to be dug
away prior to examining the vertical section. Basal framework gravels could not be reached in the

four down-section analysis points

Lower energy facies occupy 76% of Sumart deposits, 42% of which are taken up by facies
Fm alone (Figure 9.12, Table 9.37). These are primarily found in a thick distal overbank element,
which thins gradually from 2.5m to 1.5m down-section. Although the surface of this unit is
relatively flat, its basal contact is quite irregular, but tilts slightly up-section. These uniform, grey
or dark brown, very fine sands, have several (up to four) charcoal layers within (Tables 9.38,

9.39).

Sediment sequences beneath the distal overbank element vary greatly in the two halves of
Sumart section. In the upstream, gravel based, analysis points, very coarse sand or fine gravel
facies are observed up to 1.4m thick, with dominantly upward fining sequences. The composition
of these platform sands varies among facies Ss, Sp, St and Gm at each analysis point. The basal

surface varies in an irregular manner by almost 1m.
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A mix of chute, ridge and flood cycle deposits are found beneath distal overbank sediments in
the down-section half of Sumart section. These are all composed primarily of intermingled, lower
energy facies. The two chutes units differ in character and scale, but both have light brown,
heterogenously mixed, medium-fine sands. The smaller, upper unit has a facies Sr/Fm
composition, whereas the second channel has a facies St-Fm-Sr make-up. Average chute thickness
is 0.5m. A small ridge unit is marginal to the larger chute, and has a similar, but reversed, facies
Sr-Fm-St composition. A second, small ridge unit, composed solely of facies Sw, is located above

the distal overbank element in mid-section.

Beneath the ridge and chute deposits, adjacent to the bar platform sands, are very thinly
interbedded and intermingled, fine sand, lower energy facies, with thick facies Ss units at their
bases. These thick (=2m), flood cycle deposits differ from those found above the distal overbank
element, as they have a smaller proportion of facies Fm and are more thinly interbedded. The
upper flood cycle element thins gradually down-section, although the basal contact with distal
overbank deposits is roughly flat. The proportion of facies Fm is much greater in the down-section
analysis points. Several charcoal layers are found throughout these flood cycle deposits. As this
element thins down-section, a sand sheet element atop them thickens, to a maximum depth of
0.5m. These are very simple in composition, with either facies Ss or facies Sw units. On average,

these loose sands are 0.5¢ coarser than deposits beneath them.

Elements in Sumart section are roughly horizontally aligned in vertical section, other than
the noted discontinuities beneath distal overbank deposits. Facies composition within elements
varies markedly from bar platform to distal overbank to flood cycle to sand sheet deposits in
vertical sequence. Other than the basal element, however, these are all fine sands, resulting in a
very fine overall mean particle size. Just as elements are intermingled, so are facies, typically in
very thin beds (except facies Fm in distal overbank deposits). Individual facies characteristics are

similar to those observed elsewhere.

9:5: 4 Analysis of Pillbend bank exposure

Pillbend section is located in the bank of the main channel immediately upstream of the point
bar at the downstream end of the study reach. This is an area of relatively recent sediment

accumulation, and vegetation is, as yet, poorly established, and sediment sequences have been
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much disrupted by logs washed onto the floodplain. The floodplain itself is characterized by a
series of discontinuous ridges and chutes, with predominantly vertically accreted flood-related
deposits preserved away from the main channel (see section 8:4:9). This is echoed in Pillbend
section, which is dominated by lower energy facies, primarily within sand sheet deposits Figure

9.13, Tables 9.40, 9.41, 9.42.

Other than very small chute channel and bar platform elements, Pillbend section is composed
solely of vertically accreted flood-related deposits. Of these, sand sheet deposits occupy 64% of the
section, with an average thickness of 1.3m, extending from close to, or at, the basal gravel contact
to within 0.4m of the floodplain surface. The shape of this element is highly irregular, roughly
following the underlying ridge pattern. They are composed primarily of loose, heterogenous, light
brown, facies Sw, with a smaller proportion of facies Sr. Facies compositions are not consistent for
any two analysis points in terms of either facies type of particle size trends. Sand sheet deposits
are finer than observed elsewhere, and are distinguished from flood cycle deposits by their color

and looseness.

Flood cycle deposits are found in two units within Pillbend section. Their facies composition
is similar to sand sheet deposits, but facies Fm is more abundant. These are dark brown,
heterogenously mixed, fine sands. The basal unit pinches out sharply down-section, as it thins
notably from a ridge to a swale, and is composed of thinly interbedded, intermingled lower energy
facies. In contrast, the flood cycle deposits at the floodplain surface retain a relatively uniform
thickness of 0.4m throughout most of the section, and have very simple facies compositions, with
facies Sw dominant at each point. At the down-section end, this element is marginal to a small
chute channel, which has an upward fining, facies St-Sw composition. A small, remnant bar
platform unit is found in mid-section, atop a ridged area of the basal gravels, and is composed
solely of facies St. Pillbend section is dominated by upwardly consistent, thickly interbedded, lower
energy facies, with sharply defined, wavy or irregular basal contacts. Fine sands are observed

throughout the section.
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Q@URE 9.13 PILLBEND SECTION
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9:5:5 Summary analysis of meandering channel planform reach bank exposures

The horizontal stacking of elements evidenced in the wandering reach sections is echoed in
the bank exposures of the meandering reach, although elements are longitudinally more extensive
in this instance. Floodplain sequences are thicker than elsewhere, especially in the two cohesive
banks, Campup and Sumart, which have depths of =5m and 6m respectively. Floodplain surfaces
are relatively flat for all surfaces (reflecting lower energy depositional infill), except Pillbend,
where a prominent ridged outline reflects the young marginal swale pattern. Both Dcamp and
Pillbend are located immediately upstream of the bar platform units of point bars, but are
dominated by vertically accreted flood related deposits, with depths up to 4m, and very few

platform sands.

In contrast, platform sands are prominent in Campup and Sumart sections, and are observed
at all gravel-based analysis points. These have thick distal overbank deposits atop, transitional
upwards to extensive flood cycle and sand sheet deposits, with occasional ridge and chute deposits
adjacent to the distal overbank unit in Sumart section. In the down-valley part of this section, flood
cycle deposits are beneath these ridge and chute units. Despite these variations in elemental
composition, facies compositions of sections are very similar to other reaches, as each bank
exposure in the meandering reach is composed of fine sands, with =75% of sections made up of

lower energy facies.

In general, sand sheet deposits are the surficial element, extending virtually down-section,
with depths <0.5m. In Pillbend section, however, these are the dominant element, and are up to
2.5m thick, atop the ridged basal surface, with thin flood cycle deposits atop. Facies composition of
sand sheet deposits varies in each section, with sedimentologically simple facies Sw and facies Sw
and Sr compositions in Campup and Sumart sections, but more variable compositions in exposures
upstream of point bars. In Dcamp section, facies Sw, Sr and St units occur at adjacent analysis
points, whereas sequences in Pillbend are much more vertically intermingled, with facies Sw and
Sr interbedded with other occasional facies. In the latter case, within-element vertical and
down-section particle size trends are highly irregular, but they are very consistent in other

sections.
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Flood cycle deposits are a major element in each meandering reach section, but they are less
prevalent in Pillbend section, where they occur as two thin (< 1m) units. The surficial unit thins
down-section, with a wedge-like form, composed of facies Sw and occasional facies Sr. At the
section head, thinly interbedded lower energy facies are observed in flood cycle deposits, with a
tilted basal contact atop basal gravels, in a sequence reminiscent of those noted in the braided

reach.

In the three other sections, flood cycle deposits extend down-section, with depths =2m,
thinning down-section in Dcamp and Sumart sections, but thickening to =4m at the final analysis
point in Campup section. In the latter instance, flood cycle deposits are atop distal overbank
deposits, with a horizontal basal contact, but lateral bar deposits form the final analysis point.
Flood cycle deposits are composed of thinly interbedded lower energy facies, with occasional facies
St units. The proportion of facies Fm increases down-section. Facies compositions are very similar
in Dcamp and Sumart sections, with occasional facies St units in the former, and a higher
proportion of facies 'm, along with several charcoal layers, in the latter. Basal contacts of flood
cycle deposits tilt up-section in Dcamp section, atop platform sands and basal gravels, and are
horizontal atop distal overbank deposits in Sumart section. A second unit, also =2m thick, is
observed beneath the distal overbank element in the down-section half of Sumart section, composed
of very thinly interbedded lower energy facies, with a high proportion of facies Fm and thick basal

facies Ss units (these are not gravel-contacted).

The distal overbank units of Campup and Sumart sections are the dominant elements in
these bank exposures, as these cohesive dark brown/grey deposits of finely laminated or massive
very fine sands inhibit bank erosion, producing near-vertical sections. In both instances these
extend over great longitudinal distances (=90m), are =2m thick, and have several charcoal layers

within.

In Sumart section, two chute channels and two ridge elements are noted adjacent to the
distal overbank deposits. These are all <1m thick, and have predominantly lower energy facies
infills. Similar chutes are noted within flood cycle deposits in Dcamp section and at the floodplain
surface in Pillbend section. Facies St units within the flood cycle elements of Campup and Sumart
section may also reflect former chute channels, but these are non-identifiable in longitudinal

section.
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Whenever observed, bar platform sands are the basal element in sections, but their
abundance and character varies markedly in each meandering reach section. In Dcamp and
Sumart sections, platform sands extend across the upstream half of the sections, with irregular
basal contacts, and differing mixes of high and lower energy facies at each analysis point, but these
pinch out as the framework gravels rise in Dcamp section, and dip beneath flood cycle deposits at
depths too great to be sampled in Sumart section. Similarly, basal gravels could not be reached in
Campup section, where platform sands composed solely of facies Ss extend as the basal unit
down-section. In Pillbend section, platform sands are observed as a thin, basal remnant unit, in
similar fashion to sections described previously in which sediment reworking is prevalent. Chute
channel redistribution of deposits in Dcamp and Pillbend sections is directly related to their position
among recently accreted floodplain sediments in former ridge and swale units at the head of point

bars, marginal to prominent bar head chutes.

Whereas elements are organized in a fairly regular manner in the four meandering reach
sections, facies exhibit no consistent down-section or vertical trends, and vary enormously from
analysis point to analysis point both within and between elements. Accordingly, particle size
trends are very variable, although platform and sand sheet deposits generally are coarse and
medium sands, respectively, while flood cycle and distal overbank deposits are fine and very fine
sands. The variable proportions of platform deposits results in differentiation between generally

upward fining and roughly upwardly consistent particle size trends.

No down-valley trends are evident within the meandering reach. Rather, Campup and
Sumart sections exhibit very similar depositional suites, whereas Dcamp section is more
reminiscent of wandering reach sections, and Pillbend section closely resembles units observed in

the braided reach.

9:6: 1 Summary of down-valley and planform variability in the character and spatial association

of elements in bank exposures

The 13 roughly equidistantly spaced bank exposures in the study reach are divided equally
among the three channel planform styles, thereby presenting a more complete picture of elemental
variability than the 1986 trench data set. Summary sedimentologic proporties of all sections are

presented in Table 9.43.
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The ratio of lower:high energy facies is remarkably consistent for each section, with an equal
range of proportions in each planform reach (with 77-98%, 71-83% and 76-89% lower energy facies
in the braided, wandering and meandering planform reaches respectively). Facies Sr, Sw or Fm
are the dominant facies in each instance. In general, framework gravels are transitional upwards
to either lower energy facies or remnant high energy facies, with intermingled lower energy facies
and occasional high energy facies atop (as in chapter 8, representing a major depositional
unconformity, associated with sediment reworking). This results in either upwardly consistent
particle sizes, or upward fining trends. These tendencies are independent of channel planform;
indeed, overall mean particle sizes are in the mean-fine sand class, with an equal range of particle
sizes in each instance (2.3-3.3¢, 2.3-3.4¢, and 2.4-3.4¢ in the braided, wandering, and
meandering planforms respectively). Facies and particle size trends are indistinct by planform,

whether viewed vertically or longitudinally.

The proportion of each section taken up by the six different elements varies markedly from
section to section. Ridge and chute deposits are more difficult to identify in longitudinal section,
and hence their proportions are significantly less than in the 1986 data set (averaging only 7%
combined), although these are the dominant elements in Statbar section, and make up a large

proportion of Upash section, where chutes are oriented diagonally across the floodplain.

Whenever observed, distal overbank deposits make up a significant proportion of a section
(from 20-44%). Although more commonly observed down-valley, where floodplain width is greater,
and the distal floodplain area is larger and better defined, this element also is observed in the
braided and wandering reaches (Brabend and Widewand sections respectively). Indeed, the five
sections in which these deposits are observed are much more similar in type, and more different

from any other section, than any tendencies that are observed at the channel planform scale.

The relative proportion of vertical accretion deposits (flood cycle and sand sheet deposits
combined) varies markedly (from 27 to 98%) from section to section, within each planform style.
For example, elemental composition of Pillbend section, at the down-valley limit of the study reach,
is more similar to Dbas and Upstat sections at the head of the braided reach, than to any other
section. Finally, bar platform deposits generally reflect the extent of local floodplain sediment
reworking, their extent being less than 30% of sediment sequences in all sections except Fallop.

These deposits are especially poorly preserved in sections at the head of the braided reach, but they
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also occupy =20% of the four meandering reach sections (i.e. they are most abundant in the

wandering reach, although many down-valley analysis points are not gravel contacted).

Flood cycle deposits are the major element in 9 of the 12 sections. Although their average
thickness increases (to 2.5m) down-valley, there are occasional thick units up-valley (e.g. Brabend;
Table 9.44). They generally extend down the entire section, either at the floodplain surface, or
with sand sheet deposits atop, but are less disrupted, and have more horizontal (less irregular)
basal contacts down-valley. Facies composition, mean particle size, and other sedimentologic
characteristics are very similar in each section. These are upwardly consistent fine sand,
intermingled, lower energy facies, with facies Sw and Sr dominant. These typically are
heterogenously mixed, with variable proportions of thinly interbedded facies Fm units, resulting in
a wide range of dark brown tones. Occasional facies St units, observed in four sections, possibly
reflect chute channel deposits which could not be positively identified due to the longitudinal
orientation of the exposures. The greater thickness/abundance of this element in the 1987, as

opposed to the trench data set, is attributable both to this fact, and the greater thicknesses of older

(established) floodplain sediments (as opposed to bar marginal sediments).

The proportion, facies composition, and character of sand sheet deposits vary quite markedly
by section (Table 9.45). In all instances, however, these are found at, or close to, the floodplain
surface, their thickness ranging from very thin, discontinuous units in most sections, to extensive,
thicker units in Widewand, Tflent and Pillbend sections. They typically have wedge-like forms,
with horizontal, tilted or ridge-like basal contacts (and no evident trends by planform style). In
general, medium-fine sand, lower energy facies (especially facies Sr) dominate, with simple (often
uni-) facies compositions at each analysis point. These are loose, light brown and internally graded

in character.

Distal overbank deposits are the main sedimentologic difference between the 1986 (trench)
and 1987 (bank exposure) data sets. They form thick (up to 2.8m), extensive units whenever
observed, with ridged or roughly horizontal basal contacts (Table 9.46). Cohesive, dark brown or

grey, massive or finely laminated very fine sands characterize each unit.

Ridge and chute elements form longitudinally discontinuous, relatively shallow units,
whenever observed (Table 9.47). Their character varies little from section to section, with

medium-fine sand, lower energy facies dominant. These are heterogenously mixed sediments,
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typically with a range of dark and light brown tones. They differ from units observed in the trench

data set, as virtually no high energy facies were noted.

Bar platform deposits are the most variable element, in terms of character, from section to
section (Table 9.48). In most instances, they form a thin, discontinuous basal unit, composed of
coarse sand, high energy facies. Sequences are much thicker (i.e. better preserved) in Widewand,
Fallop and Sumart sections, where distal overbank deposits rest atop. Down-valley from Dstat and
Campup sections, bar platform deposits are much finer than elsewhere, with a broader range in
facies types and more upward fining facies type and particle size trends. Accordingly, color and
sediment mix characteristics are more variable in these sections. A particular sediment
arrangement, such as framework gravels to flood cycle deposits to sand sheets, or gravels to a
small platform unit to distal overbank deposits to flood cycle deposits, could be observed in any of
the three planform reaches (as evidenced by Dbas, Tflent and Pillbend sections in the first instance,
and Brabend, Widewand and Sumart sections in the second). In summary, similar sediment
sequences can be observed at individual analysis points within any section, regardless of channel

planform style.

In contrast to the many sedimentologic similarities described by planform, floodplain
depositional sequences are thicker, elements are more longitudinally extensive (and hence less
randomly organized), and are more horizontally aligned down-valley. This increasing down-valley
order at the element scale accords closely with the postulated scenarios of locale associations
suggested in chapter 7. These characteristics are all qualitative, however, expressing extent or
continuity of a trends, as described for within-bar sediment trends in chapter 6. As such,
recognition of these geographic phenomena requires extensive, undisturbed exposures, in which
there is equal preservation of deposits from each down-valley planform reach, as these are
relative’ tendencies. Since this is highly unlikely, given chute channel reworking of the thin veneer
of floodplain sediments, it is unlikely that sediments reflecting the down-valley progression of
channel planform styles, inferred from Walther’s dictum, can be identified in stratigraphic section.
Rather, on the basis of individual exposures it is impossible to infer river channel planform
environment of deposition from facies and element types and their abundance, their stacking

arrangement, or particle size trends.
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There is often a tendency to stress occasional differences between sediment units, at the
expense of noting the similarities, which may be observed more frequently. This is undoubtedly
the case in examination of sediment sequences in the three planform reaches. On the basis of
- selected parameters, it would not be possible to positively identify one planform depositional style,
as opposed to another, in stratigraphic section. Rather, it would be sufficient to identify the
depositional environment as a high energy fluvial depositional system, which is not intuitively
obvious given the unconformity in floodplain depositional suites noted above. Given these
problems, elements are considered to provide a more insightful approach in sedimentologic
analysis, as they relate specifically to environment of deposition, whereas facies refer specifically
to range of flow conditions, and channel planforms relate to visually distinct environmental
settings. A three-dimensional elemental picture of the Squamish River floodplain is presented in

the next section.

9: 6 : 2 Three-dimensional elemental floodplain sedimentology of the Squamish River

The Squamish River floodplain is composed of upward fining or upwardly consistent fine
sand, lower energy facies, atop occasionally preserved basal medium-coarse, high energy facies
and coarse channel framework gravels. In all reaches, the proportion of high energy facies is
considerably greater upon contemporary bars (1985 data) than in bar marginal or established
floodplain areas (1986 and 1987 data). The elemental composition of the floodplain is much more
variable at-a-site, related specifically to the character and extent of sediment reworking. This, in

turn, reflects the relative age of sediments and their position upon the floodplain.

From analysis of elemental associations (Figure 9.14), two styles of floodplain sedimentologic
sequence can be discerned (Figure 9.15); in neither case do they refer to particular channel
planform styles. In the first instance, framework gravels are transitional upwards to thin,
discontinuous bar platform deposits and, more frequently, thick flood cycle deposits. These
deposits have relatively thin chute, ridge and sand sheet deposits atop. In general, such sequences
are associated with relatively "recent” floodplain deposits, marginal to contemporary bars, in
which sediment reworking is prevalent (as evidenced in Chapter 8). For example, Statbar, Upash,
Tflent, Dcamp and Pillbend sections are all located immediately upstream of contemporary bars,

and reflect sediments which have accumulated as bars have migrated down or across-valley.
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FIGURE 9.15 THREE DIMENSIONAL
FLEMENTAL FLOODPLAIN SEDIMENTOLOGY

a) Marginal to contemporary bars
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In contrast, sediment sequences in which distal overbank deposits are observed occur either
at contemporary floodplain margins, or in areas which have experienced channel shifting in the
relatively recent past. Brabend section exemplifies the former scenario, whereas sediment
sequences on the eastern side of the contemporary channel down valley of the Ashlu River
confluence, namely Fallop, Campup and Sumart sections, have thick distal overbank deposits
which probably accumulated when the main Squamish River channel was against the eastern
valley wall (as described in Chapter 3). These deposits were not observed marginal to the western
valley wall, as contemporary sediment reworking has resulted in sequences representing the

former model.

In instances in which distal overbank deposits are observed, bar platform deposits are
notably thicker, since channel shifting probably occurred relatively quickly, thereby minimizing
chute channel reworking of bar platform deposits. Sediment accumulations atop the distal
overbank element are primarily lower energy facies within flood cycle deposits (and occasional

chutes and ridges, reflecting some reworking), and discontinuous sand sheet deposits.
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PART D
CHANNEL PLANFORM CONTROL UPON THE FLOODPLAIN SEDIMENTOLOGY OF
THE SQUAMISH RIVER : CONCLUDING REMARKS
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CHAPTER X
CONCLUSION

10 : 1 Variability in channel planform sedimentology

Although the 20km study reach along the Squamish River exhibits down-valley
environmental gradients expressed by many inter-related variables, such as valley slope and
width, gravel bed material particle size, and river channel planform style, the character and
composition of contemporary channel bar and floodplain depositional sequences do not vary
consistently in that direction. The degree of overlap among the sedimentologic domains of the three
planform styles clearly is much more significant than their differences. Hence, the hypothesis as
originally stated can not be rejected, as there are no predictable variations in floodplain
sedimentology of the Squamish River by planform. These findings are confirmed in section 10.1,
implications for future research are suggested in section 10.2 and a closing statement is made in

section 10.3,

Visually distinct river channel planform types provide an obvious scale for differentiating
between river depositional environments. Research in fluvial geomorphology, however, has
demonstrated no discriminating functions to distinguish river planform styles, and planform
differentiation is based upon a series of environmental variables, as opposed to specific process
mechanisms, In theory, braided rivers possess little or no well developed floodplain and overbank
deposits are virtually non-existent. Rather, floodplains are produced by within-channel processes
(bottom stratum deposits), either by lateral or downstream accretion of channel bars, or channel
abandonment and island formation. This latter mechanism is an important component of
wandering gravel-bed river sedimentology. Meandering river floodplains exhibit a range of lateral
accretion and vertical accretion deposits, conditioned by lateral stability of the channel and the flow
regime. Regardless, vertical accretion (or top stratum) deposits are more significant in this

planform than elsewhere.

Although long recognized to be transitional in nature, there have been very few studies on
downstream river channel planform variability (exceptions include Ori, 1979; Schwartz, 1983).
Given its dynamic, high energy environment, contained within a confined glaciated valley, the

Squamish River differs from those rivers in which empirical observations in "classical" river
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engineering have been derived. Not only are there no reliably applicable bed transport formulae,
but no existing facies models exist for floodplain sedimentology in such environments. To evaluate
the differing responses of the three river channel planform styles to imposed environmental
conditions, the sedimentology of each planform reach was studied extensively, using three different

sampling approaches.

In the 1985 data set, holes were dug in sections perpendicular to the main channel on 10
contemporary channel bar surfaces. Bar types change down-valley, from complex, compound
mid-channel bars in the braided reach, to bank-attached lateral and point bars down-valley. To
examine lateral continuity of facies units, and broader scales of sedimentary units, 9 trenches were
dug and analysed at the contemporary bar/floodplain margin upon 5 bars (1986 data set). The
scale of depositional environment was increased even further in the 1987 data set, which focussed
upon elemental scale analysis of sediment sequences in 13 extensive (up to 210m) longitudinal

bank exposures, divided equally among the three planform types.

Facies models derived for each planform reach using Markov analysis of one-dimensional
sediment sequences upon contemporary bars (in the 1985 data set), using consistent field and
analytical procedures, indicate considerable variability in pathways of sediment association by
planform (Chapter 5). These complex patterns are shown to be unrepresentative of observed
sediment sequences, however, as one- and two-step facies transitions predicted for one planform
style may actually be observed with greater frequency elsewhere. As such, Markov Chain

analysis is irrelevant in terms of real understanding of depositional processes (as Miall, 1985).

Summary statistical analysis of various sedimentologic properties by planform revealed
insignificant differences; indeed, observed differences are actually contrary to predicted trends
(Table 5.7). These observations are deceptive, however, as summary statistics mask considerable
within planform (sections 6.2 to 6.4), and even within-bar (section 6.6) sedimentologic variability.
In all instances, sediment sequences upon contemporary bars exhibit complex lateral, vertical and

down-bar trends, although particle sizes typically fine upwards, with lower energy facies atop.

Analysis of sediment trends at the channel bar scale revealed that sequences relate more
closely to their local environment of deposition than they do to position upon bar or bar type. The
spatial association of local depositional environments, termed locales, results in differing facies and

particle size trends across- and down contemporary bars. These occasional spatial and scalar
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trends provide the only basis upon which sediment sequences can be differentiated by planform
(Table 6.14). Four locales (which refer to field morphologic units) were defined, namely established
floodplain, ridge, chute and bar platform deposits. While sedimentologic properties of established
floodplain, ridge and lower energy chutes are similar in facies terms, with upwardly consistent fine
sand particle size trends, they differ significantly from upward fining, medium-coarse sand, high

energy chute and bar platform deposits, which have a significant proportion of high energy facies.

Differing locale organization results in different sediment patterns across- and down-bar,
with random arrangements in the braided reach, but a greater degree of sediment order
down-valley (e.g. Figure 7.1). However, as shown in chapters 8 and 9, these within channel bar
sediment sequences are unlikely to be preserved due to chute channel reworking and lateral
variability in facies deposition, associated with event stratigraphy. Indeed, the proportion of lower
energy facies is significantly greater in the trench and bank exposure data sets than upon
contemporary bar surfaces. Secondly, as they refer merely to extent, or scale, of a trend, rather
than the character of sediments themselves, or their vertical associaiton, these trends provide an
insufficient basis for differentiating between planform styles in the stratigraphic record. The
pronounced lateral variability of facies, and their relation to broader scales of sedimentary units,
was confirmed in trench analysis (Chapter 8). As viewed in vertical section, the locale coding
scheme was modified and an elemental approach adopted, in which flood cycle and sand sheet
deposits replaced the established floodplain locale. The character of bar marginal floodplain
sediments was roughly equivalent in each trench, with minimal preservation of bar platform
sands, due to chute channel and sand sheet reworking of deposits. Rather, lateral sediment
sequences typically are dominated by upwardly consistent, fine sand, lower energy facies in each of

the three channel planform reaches. These are expressed graphically in Figure 8.11.

The longitudinal character of Squamish River floodplain sediments, examined in bank
exposures, is also consistent by planform, and similar to sequences observed in trenches (Chapter
9). Chute and ridge elements were less prevalent, however, due to problems of positive
identification in longitudinal exposure. The major difference between sediment sections was the
presence and proportion of distal overbank deposits, which are observed in each planform reach,
but are more prevalent down-valley. Any particular sedimentologic arrangement could be
observed in any of the three planform reaches, and the floodplain sedimentology of the study reach

was best viewed by two models, reflecting the presence of distal overbank deposits (Figure 9.15).
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Only in the latter instance are bottom stratum deposits preserved to any extent, as shifting of the

main channel has limited the degree of reworking of bar platform deposits.

In general, sediment sequences are thicker and more longitudinally continuous, with more
horizontally aligned contacts between elements, down-valley. As with the within-channel bar data,
however, these trends are qualitative, and not detectable by planform in vertical section for an

individual stratigraphic exposure (i.e. they are relational trends).

Of the many sedimentologic criteria used to differentiate between river channel planform
deposits (Table 2.7), this thesis has focussed upon sediment type composition (at facies and element
scales), their scale, morphology and spatial association, along with particle size trends. Expected
and observed patterns are described for each planform in Table 10.1. Whereas conventional notion
predicts considerable variability in sediment composition, particle size and basal contact of
floodplain sediments by planform, these are not evidenced in observed sediment patterns. Rather,
sediment sequences of the Squamish River floodplain primarily are transitional upwards from
basal channel framework gravels to top stratum deposits in each reach. Ironically, the proportion
and coarseness of bottom stratum deposits are actually greater down-valley, where they are

preserved beneath distal overbank deposits.

In summary, the morphodynamics of high energy, gravel bed rivers, such as the Squamish,
are such that it is is impossible to differentiate between river channel planform sediments on the
basis of small scale sedimentary structures and their vertical association. Rather, principles of
convergence apply, and similar facies and element associations and characteristics are observed in
each planform reach. Differentiation of river sediment sequences at the channel planform scale
has limited significance, since depositional processes are not planform dependent. Rather, observed
trends are more a function of down-valley postion and local depositional environment, and

Walther’s dictum cannot be meaningfully applied at the element scale.

10 : 2 Implications and suggestions for future work

Fluvial sedimentology is a science in its infancy, with little methodologic consistency. As
such, the bases upon which depositional environments are inferred often times are highly

questionable. In examining stratigraphic sequences, there are tendencies to overemphasize "new"
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aspects, or focus on aspects similar to those observed elsewhere, rather than rationally represent

the entire picture within an exposure.

Facies coding schemes based upon small scale sedimentary structures and bedding style
cannot infer river environment of deposition, as they refer to local scale flow conditions.
Conversely, river channel planform types are not process-dependent, and hence provide a generic
mode for classifying river style, not depositional environment. A genetic approach is required,
which relates sedimentary units to their geomorphic origin. The elemental scale approach adopted
in this study, following guidelines proposed by Miall (1985), offers great hope in past
environmental reconstruction, as sediments deposited within chutes, upon ridges, in bar platform
environments, in distal floodplain sections, or upon channel marginal floodplain surfaces (as flood
cycle or sand sheet units), relate directly to their field depositional setting. Although not always
mutually exclusive in process terms, for example, flood cycle or sand sheet deposits may infill a
chute unit, the location and morphology of the feature define the element (i.e. it is not dependent
upon sediment type). The three dimensional organization of these elements thus provides the
environmental context for the particular sediments observed, especially when applied at a valley

width scale. This has many implications for basin analysis of fluvial depositional suites.

In this study, floodplain sediments were examined only in the channel marginal zone of the
Squamish River. No significant elemental scale differences were observed between channel
planform reaches; rather, the sediments in all three reaches were composed primarily of
top-stratum deposits, while chute channel reworking has removed most of the basal high energy
facies. This process insight, provided at the elemental scale, is very instructive in reconstructing

the history of sediment accumulation adjacent to river channel bars.

The Squamish River floodplain has been derived from events which are not directly
responsible for channel bar deposits. Seemingly, during high flow stages, active chute channels
remove bar marginal high energy facies, and replace them with fine sand, lower energy facies at
the waning flow stage. As such, distinction between within-channel and overbank mechanisms is
largely meaningless, and more important distinction needs to be made between constructive
(flowing water) and passive (slackwater) mechanisms. These can be further differentiated into
traction vs suspension, or advection vs convection mechanisms. In element terms, these represent

bar platform, as opposed to flood cycle deposits. Whereas high energy facies characterize the
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former, the latter element is composed of thinly interbedded, lower energy facies, which

accumulate in vegetated/sheltered environments at the waning stages of flood flows.

Given the high energy, dynamic geomorphic setting, floodplain sediments of the Squamish
River are quite different to intuitive expectations. Due to the prevalence of chute channel
reworking of bar sediments, high energy, bottom stratum deposits, which have been shown to be
preferentially preserved under certain environmental conditions (e.g. Cant, 1976; Mader, 1985),
seldom are observed, and channel framework gravels predominantly are transitional upwards to
fine sand, top stratum deposits. Although similar mechanisms for removal of coarse sand/gravel,
high energy facies have been described elsewhere (e.g. Alexander and Nunnally, 1972; Bluck,
1976; Baker, 1977; Lewin, 1978b; Brakenridge, 1984), their replacement by lower energy deposits
has not previously been described. In the Squamish River system, the coarse sands observed upon
sparcely vegetated bar platforms seemingly act as a sediment slug, mobilized on a regular basis
during flood events, with replacement by lower energy deposits at bar margins at the waning flood

stage.

10 : 3 Closing statement

In summary, the major findings of the thesis are as follows :

1. Facies and particle size trends in observed sediment sequences do not relate to river channel
planform style, and there are no distinct sediment features, or sediment associations, by
planform,

2. To understand within-bar sediment trends, local scale geomorphologic features (locales) must
be defined,

3. Locale/elemental sediment compositions are consistent by planform and are vertically

stacked in the same fashion throughout the study reach, and

4, A three-dimensional picture of the Squamish River floodplain indicates that the floodplain is
composed primarily of lower energy facies (typically in flood cycle units) atop coarse channel
framework gravels.

From this it is concluded that :

1. Facies and river channel planform scale analyses can not reliably be used to infer river
depositional environments,
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2. Elemental scale analysis provides a more reliable framework for environmental
interpretation, as it is based upon geomorphic (form and process) terms, and

3. The floodplain character of the Squamsish River is different to intuitive expectations as it is
dominated by fine sands, reflecting chute channel reworking of coarser sand bar platform
deposits prior to their incorporation into the floodplain (i.e. preservation potential of
depositional units is critical).

The sedimentologic suites in differing river channel planform reaches of the Squamish River
can not categorically be differentiated; rather, overlap and similarities between types greatly
exceed differences, and any individual depositional unit could be found in any of the reaches
studied, as they vary only in terms of scale and abundance. Given the redundancy of the channel
planform scale of sedimentologic differentiation, the element scale, based upon geomorphic criteria,
provides a much more insightful guide to environment of deposition, and offers much hope in past
environmental reconstruction and interpretation. River reach analysis, as proposed by Kellerhals
et al (1976), provides a more meaningful manner for describing contemporary river characteristics

than does reference to channel planform style.
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