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ABSTRACT

A large gravel pit at East Paris exposed 14m of Pleistocene
braided outwash. Large scale longitudinal bars (30 - 400m long) were
developed utilising irregular topographic highs (4 - 6ém) of the basal
gravels as Bar Cores. These bars prograded downstream by means of
larce-scale cross-strata, periodically interupted by reactivation surfaces.
.Contemparaneous upstream addition of material took place by the migration
of mixed sand and gravel bed-forms on the stoss-side of the bars. The
gravel supply to the avalanche face of the major bars took the form of
imbricated gravels which passed from the Stoss-side, through the Bar Top,
onto the Bar Front. Adjacent, sandy side-channels (4 - 6m deep) exhibit
a fining upward fill of trough cross beds, planar lamination and ripples;
and interdigitated with the gravel bars alongside.

Aggradation of the flood plain led to the extension of the Bar Top
facies over the length of the bars, and then to the development of a
Shallow-braided stream facies over the whole system. The latter is
recognised by its smaller (less than 1lm) bar forms composed of cross-
bedded gravel supplied by an imbricate gravel, and numerous small, sandy
channel forms.

At West Paris another large gravel pit exposed 6m of sandier, but
stratigraphically equivalent deposits. Large scale side-bar accumulations
(200-300m across) of gravel developed from river bank lateral accretion
deposits. The downstream progradation was by lobes of cross-stratified and
imbricated gravels, alternating with sand drapes of low flow stages. Sandy
Side-channels (4m deep) developed between the gravel lobes and the accreting

river bank.
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The concept of braid bar growth from a pre-existing form

(bar core or river bank) is in contrast to the classic theory of

development from a gravel lag. The differences may be due to depth

relationships of the systems, which in this case may be the effect of

position on the sandur surface.
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CHAPTER ONE
THE PROBLEM

Several problems related to braided streams and their deposits
were set up when approaching this study. First of all there was
relatively little data or literature available on braided streams generally;
this situation was particularly noticeable when searching for work on
coarse braided stream deposits. The literature has little on the
relationships of the sands and gravels in the systems, and virtually
nothing on the gross facies relationships laterally and vertically,
despite the fact that bar development had been observed in the modern
environment, recorded (by time-lapse-photography), and simulated
experimentally.

Almost regardless of scale, (an important factor which will be
discussed in Chapter 8 ) braid bars were regarded a few years ago as
being all of the same type, and as having a set pattern of development,
however imperfectly understood that might be. Writing about braided
channels tributary to the Green River near Daniel, Wyoming Leopold et al
(1964, p.284) "... noted the'following characteristics. The several
channels in a given reach were separated by vegetated islands whose upper
surfaces tended to be at the same level as small unvegetated central bars
obviously in the process of being built .... The ages of vegetation taking
hold on the new gravel bars indicated that the bars tend to build by
additions at the downstream end and probably also on some parts of the

lateral boundaries, but not on the upstream tip." Once initiated such



a mid-channel bar (Morisawa 1968, b. 146) ..."also deflects the current
against the side walls of the channel causing erosion."

These two descriptions constitute the classic geomorphological
concept of braided channels and their bars, and indicate some of the
limits of our knowledge. Not all bars in braided systems are ''mid-
channel' bars. Smith (1970,1971) recognised two types, relating them
to downstream decrease in sediment grain size. Longitudinal bars were
found to occur nearer the source area and transverse bars downstream of
them. Similarly, Collinson (1970), working on the Tana River in
Norway divided the features into banks and islands, side-bars and
linguoid-bars.

However, many questions still remain to be answered. How does
the "mid-channel bar'" itself originate? Does the '"mid-channel bar" |
cause channel widening or is the feature itself a response to widening?
How does the addition of material onto the growing form take place?

What are the relationships of the "bar'" to the sediments in the channels
on either side?

To date all braided stream gravel accumuiations have been termed
"bars'" - but can anything more definite be said about them? It was
hoped the relationships investigated in this study would form a model for
braid-bar development, enabling us to understand better the present day
braided streams and more readily identify their deposits in the geological
Trecord.

The lack of data on gross facies relationships can be attributed

to the predominance of studies in the modern environment. The very nature



of the braided stream system, being highly mobile and generally coarse
grained,precludes work on the internal structures of deposits, especially
below the level of low stage flow. In addition, the most active period
of any braided stream is at the high water stage, but this is the most
difficult period to observe and record. Consequently, it becomes
virtually impossible to see a bar originate, and then grow and develop
‘in its early stages, so rapid are the changes taking place (Smith, 1972).
This restriction on field observation places similar restrictions on the
conclusions that can be drawn.

It is fully realised that the modern environment provides the
best basis for the study of process, and of the relationships of the
sediment in the system to the transporting medium; but the ''fossil
flume'" nature of the glacial outwash gravels of the Pleistocene make them
the ideal object of study for establishing facies relationships. All
that is lacking is the water, but it may be possible to partially remedy
that situation by the reconstruction of palaeoflow parameters (see works
by Schumm, 1967, 1968a, 1968b, 1969 and Jopling 1964, 1965, and 1966; and
a recent paper by Cotter 1971, in which such palaeoflow reconstructions are
discussed and made).

Three dimensional views of the internal structures, the facies and
their relationships can be relatively easily obtained in these generally
- unconsolidated deposits, particularly in areas where the sand and gravel
industry is important. It was for this reason that southern Ontario in
general, and the Paris region in particular, was chosen as the field area.

The deglaciation of southern Ontario has left large areas of

outwash deposits in ice-marginal channelways. A complex of parallel



moraines which run approximately.ﬂorth to south in the area west of
the Niagara Escarpment has been a major control of the outwash
deposition at several periods during the ice-front fluctuations.
These deposits are exploited commercially and the exposures provided
were thought to afford answers to the problems and questions posed.
Reconnaissance was undertaken during August and September 1970,
to locate suitable outcrops. Several possible areas were investigated,
and locations of all pits examined are shown on Map A. To the south
of Breslau a small area with several pits was located adjacent to the
present day Grand River. A second area to the north east of Prestcn,
along side the Speed and Grand Rivers with several well exposed pits
was also considered; while a continuous ''sand' plain west of Galt has
some six or eight pits within about 10 square miles which could have
provided the basis for a study.
| Further south in the moraine/outwash complex, at a position
north of Paris, the Paris moraine appears to have been obliterated by the
outwash system, and large gravel deposits laid down in its place (Cowan,
1970, p. 54-55). This area provided very good éxposures in two pits
belonging to Consolidated Sand and Gravel Limited, who are the only
operators working the area. The main body of the industry is located
nearer to Preston and Galt in the north, or to Brantford in the south.
C. S. § G's East Paris pit provided some 1,000 metres of
horizontal faces. Two Qalls in particular provided what are interpreted
to be the cross-section of a side channel and the longitudinal section
through a large braid bar.
The longitudinal bar model proposed in this thesis was developed

from these two faces, and it was used as a predictive model for other



pit exposures to reconstruct and interpret the palaeomorphology.

The second working pit (C, S. & G's West Paris pit) was also
investigated in the light of the model proposed. What is interpreted
to be a side-bar is exposed in this pit; the two types were compared and
contrasted, and some general comments will be made regarding braid bar
modelling in Chapter 8.

The longitudinal bar model (see Fig.7 and Photolog ) is basically
very simple, comprising five constituent parts:

A coarse core from which the bar grows;

A stoss-side addition of sediment to the upstream end;

A bar-front with slip-face avalanche deposits downstream

of the core;

A bar-top representing the gradual accretion of the '"through-

flow'" of gravel in the bar; and

A lateral sandy deposit interfingering with the bar form, and

representing sediments of the side channel.

The side-bar model (see Fig.47 and photologjis slightly more complex
This is no direétly comparable core, growth taking place from a laterally
accreting river bank. No separate stoss-side facies is present either,
and the sandy channel bed-load grades into the bar-top bed load with no
distinct break. Equivalent bar front, bar top, and side-channel facies
are present but they differ in their internal organisation.

The bar top facies of the longitudinal bar model compares quite
closely with what is interpreted as a shallower braided stream deposit,
(Smith, personal communication, 1972), located stratigraphically above
the main unit in which the longitudinal bar model is developed. (see Fig. 7 ).

However, the internal organisation of this system has not been established,



though some facies have been recognised (see pages 73 to 80 ).
These are comparable to facies of the Kicking Horse River, in British

Columbia (Smith, 1972) and to the Pleistocene deposits adjacent to

the Red River, Texas (Waechter, 1970).
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CHAPTER TWO

THE LITERATURE

Already some mention has been made of the paucity of literature
on braided streams generally, and of coarse braided streams in particular.
A comprehensive bibliography of the existing literature can be found
in the list of references.

The purpose of thisreview is to examine some of the ways in
which braided streams have been studied, pointing out one or two
undeveloped approaches and thereby setting the present study in its
context.

Apart from isolated early work on braided streams, valley
trains and sand plains, such as the papers by Davis (1889) and Salisbury
(1892), the first work on braided channels was an integral part of the
inquiry into river channels in toto. Variously, channel-pattern, -form
and -geometry, longitudinal profile and base level, have all been studied
and applied to meandering, braided and straight channels. The most
conspicuous success has been achieved in the field of meandering streams,
not surprisingly, since as Leopold et al. (1964, p. 295) state '"... nearly
all natural channels exhibit some tendency to develop curves." It is
doubtful whether straight channels actually exist in nature and the term
straight may simply refer to irregular, low sinuosity or non-meandering
reaches.

Undoubtedly the regularity of meandering systems attracted attention

initially, and the ancillary studies of other channel patterns and their



deposits followed as a logical consequence. Leopold and Wolman (1957)
studied channel patterns and tried to distinguish between the three
categories on the basis of a '"sinuosity index'. Mackin (1956) looked at
the relationships between braiding and the graded river and Schumm and
Kahn (1972) related channel patterns slope and sediment size.

Simultaneously, detailed descriptions of braided rivers were being
made,'presumably with the assumption that good physical descriptions had
to be made before the processes and mechanics could be understood. As
has already been noted, Davis and Salisbury pioneered this work, but a
spate of such '"good physical descriptions' appeared in the late 1950's
and early 1960's. Hjulstrom (1952) investigated Iceléndic sandar;
Sundborg (1952) analysed the River Klaralven in a claséic monograph;
Arnborg (1955) looked at the River Austerflojt; Fahnestock (1959)
exﬁmined the White River; Doeglas (1962) compared the Durance and the
Ardéche; and Brice (1964) studied tge River Loup. Many of these are
classic studies, and combined they describe the braided stream environment
under various climatié and hydrologic regimen.

Subsequently, the attention of investigators has turned to a different
scale of phenomena; Attempts to define the bedforms and their development
were made, both from direct observation of modern braided streams and flume
experimentation. In the latter case, Leopold et al (1964, p285-288)
reported the development of bar-like forms in flume runs and refer to the
work of Fahnestock (1963) by way of comparison. In their flume
"the introduction iﬁto the flowing water of poorly sorted debris at the
upper end produced, with time, forms similar to those observed in the
field." The coarser grains after several hours, accumulated as a coarse

""lag" in the middle of the channel, and this lag initiated the development



of a small-scale braid bar complex. This at least provides one
theoretical answer to question posed earlier regarding the origin
of the mid-channel bars. The implication of this idea will be
answered in some detail in Chapter 8 .and the interpretive sections.

The direct observation of bed forms and their development,
rather than the complete braided stream system, is a more recent type of
study, though both Chien (1961) and Doeglas (1962) looked at the problems.
The most recent studies are those of Ore (1964) who investigated modern
braided streams in Wyoming, Colorado and Nebraska; Coleman (1969) who
looked at large bedforms on the Brahmaputra River; Williams and Rust
(1969) who made observations in the Donjek River; Smith (1970) who
continued.Ore;swork on the Platte River and made some comparisons to some
Silurian clastic rocks; Church (1971) who studied Baffin Island sandar;
and McDonald and Bannerjee (1971) who examined outwash plains in the
Rocky Mountains.

Two of these studies in particular have already been mentioned
with regard to bar types and classification. Between them, Collinson
(1970) and Smith(1970) recognised longitudinal bars, transverse bars, side
bars, linguoid bars, and "banks and islands'.

Ancillary to work on braided streams directly is the analysis of
primary sedimentary structures and their hydrodynamic significance
QWiddleton, 1965, and the extensive bibliography contained therein).

Much of this work has been used in the study of palaeoflow parameters,
the papers by Jopling (1964, 1965, 1966) being good examples.

However, despite this body of literature, some obvious gaps
exist in our knowledge. Four deficiencies can be seen. There is

i) 1little data on coarse deposits; 1ii) virtually nothing on the
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facies relationships; iii) only.minimal studies of'ancient' braided
streams; and iv) an absence of any sort of predictive model.

The first of these problems has had only one really extensive
investigation, that of Church (1971). This however was essentially
part of a much larger project and as such contains a good deal of
raw data but few widely applicable results. The system of deposits
reported in the present study contains an admixture of sands and silts
with gravels. Hopefully, the data will complement that of Church
in filling in this particular gap.

Secondly, the dominance of studies of modern streams has led
to an almost complete lack of knowledge of gross structures within the
deposits, and of the facies relationships both vertically and horizontally.
The limitations placed on trenching and other field techniques by the
modern stream environment are easily overcome in the Pleistocene, where
essentially undisturbed sediments can be studied to depth with little
hinderance. Consequently the present study will hopefully establish
facies relationships in braided streams and at the same time produce a
link between the modern and ancient examples.

) Few ancient conglomerates have been identified as braided stream
deposits, the best examples being associated with alluvial fans as with
the Pottsville conglomerates (Meckel, 1967) and the Van Horn Sandstone
- (McGowan and Groat, 1971). Other Pleistocene examples have been
recognised, and Waechter (1970) has recognised deposits which '"display
characteristics of braided streams'.

Whilst there is still an absence of any sort of predictive model,
some work has been carried out on facies relationships. Recent studies

by Costello (1970) and Costello and Walker (1572) have suggested that
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a coarsening-upwards channel fill sequence may be diagnostic of the
sandy braided stream system. The coarsening upwards denotes
increasing flow power and implies through-flow of water. The
channel is interpreted as a braid channel abandoned previously but later
re-occupied and brought back into the system with rising stages of
the water. The same situation could not exist in the 'cut-offs'" of
a meandering stream since through-flow does not occur.
The work in this thesis is a direct continuation of Costello
and Walker's work, with special reference to the facies relationships

of coarse braided streams.
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CHAPTER THREE
THE PLEISTOCENE HISTORY

The general sequence of events in the Pleistocene has been
described many times before. A comprehensive,but somewhat dated,
outline of the effects on southern Ontario is that of Chapman and Putnam
(1966), and a recent summary can be found in Costello (1970). This
section will, therefore, be a brief explanation of the salient features
affecting the study area.

Within the Pleistocene Succession of North America four major
Glacials are recognised - the Nebraskan, Kansan, Illinoisan and
Winconsinan. As each succeeding major glacial occurred there was almost
total destruction of the deposits of the previous one. Consequently the
Winconsinan Glaciation is the one which has had the most effect on the
present day topography and physiography of southern Ontario, and it is
not surprising that little evidence has been found of Pre-Wisconsinan
deposits or erosional forms. Three climatic subdivisions have been
recognised in the Wisconsinan (Goldthwait et al, 1965; Dansgaard et al,
1971). The early Wisconsinan (73,000- 59,000BP) comprising the main
cooling period from the Sangamon interglacial; the Middle Wisconsinan
(59,000-32,000 BP) with generally more stable conditions; and the late
Wisconsinan (32,000-11,000) comprising the coldest part of the glaciation
and further characterised by greatly varying conditions.

The study area.was most affected by the late Wisconsinan period,

the shape of the ice sheet margin during this time being shown in Fig. 1.
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This diagram is a generalised view of the ice-front showing the various
lobes which exerted their influences in southern Ontario.

The three major lobes of Huron Ice, Georgian Bay - Lake Simcoe
Ice, and Erie - Ontario Ice played major roles in the development of the
topography of southern Ontario in Wisconsin times. As the three retreated
from the centre of the area the so-called '"Ontario Island" began to be
uncovered. This developed from a narrow ridge trending north-east to
) south-west from Orangeville to Ridgetown (Chapman and Putnam, 1966, p. 38),
into the larger area shown in Fig. 1. This land mass development is also
shown in the summary diagram, Fig. 3.. This study deals with the drainage
between the east flank of the Ontario Island and the Ontario Ice lobe.

Dating of the Pleistocene events has been done conventionally by
the carbon - 14 method and pollen analysis of materials found within the
Pleistocene sediments. More recently another method employing the
oiygen - 18 isotope concentration in ice has been devised. Consequently,
the deposits of the Greenland ice sheet have yielded palaeoclimatic
information applicable to both Europe and North America. The index of
concentration, 8, of oxygen 18 (Dansgaard et al, 1969 and 1971) in high
latitude precipitation is mainly determined by the temperature of
formation (Dansgaard, 1954, 1964 and Picciotto et al 1960). This
causes both seasonal and long term variations in &, the latter due
to climatic changes, (Dansgaard et al, 1969). Increasing §'s upwards
on ice core indicate a warming climate, and decreasing values indicate a
cooling climate over the course of time. By taking into account the rate
of ice accumulation, the rate of plastic deformation, and the horizontal
velocity component, the age-depth relationships of the ice can be

calculated. The validity of the resulting time scale, and of assumptions
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GEORGIAN BAY~
LAKE SIMCOE

ICE LQBE
HURON ICE

ERIE-ONTARIO
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miles

100

Fig. 1

The ice front positions at the time of the Paris moraine and

Lake ihittlesey (approximately 12,800 years B.P.)
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made in its calculation can be estimated by applying the § measurements
and Fourier power spectral analysis. Dansgaard et al (1971 p. 38-54)
have done just this for the Camp Century Ice Core from Greenland, and
Fig. 2 shows an enlarged portion of their §-curve. If this method is
combined with conventional Pleistocene stratigraphy, carbon 14 analysis
and palynology (Hancock, 1971) a dated stratigraphy can be built up.
This has been done in Fig.2 for the period of interest to this study.

The oldest event represented in the area is probably the Canning
"Clay'" till which is early Wisconsin. What are thought to be
undisturbed portions of this are found in the Nith River section at
Canning, fourmiles west of Paris, (Karrow, 1963, p. 33.) The Catfish
Creek Till may also be present in this section though Karrow states that
there is some difficulty in distinguishing it from the Port Stanley
Tills.

The Erie-Ontario ice lobe then experienced an interstadial condition
(i. e. Lake Erie interstade) which at iés type locality is dated at
16,700 BP.  The subsequent glacial substage produced the ''Dorchester'
Till, which is not exposed in the field area, anﬂ an imbricate series
of Port Stanley Tills. The latter are marked by terminal moraines named
the Ingersoll, Tillsonburg and Norwich, trending North East to South West,
(of Port Stanley I) and the Breslau Moraine (of Port Stanley II).
Originally Karrow (1963) mapped Wentworth Till to the west of the Paris
Moraine, including the Breslau moraines in this classification. However,
a recent revision (Karrow, 1970) defines the Wentworth Till as the Paris
Moraine and moraines east of it, and the Port Stanley II as that area

west of the Paris Moraine previously designated as Wentworth Till.
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The Port Stanley Tills were'deposited in the period 14,780 to
12,800 B. P. based on Carbon - 14 dates OWU - 83 (Ogden & Hay, 1965)
and S$-240 (Barrendsen et al, 1957). The Lake Arkona or Cary-Port
Huron Interstade has been dated from 12,800 to 12,660 B.P (McCallum,

1955) by which time the Wentworth Till advance of the Ontario lobe, had
spread westwards into the middle of southern Ontario producing what are

the freshest moraine features in the study area - the Paris, Galt and
Moffat moraines. From 12,660 to approximately 12,200 B.P. this

advance coexisted with Lake Whittlesey (Figs. 1 and 2) and it is at

this time that the outwash gravels which are the subject of this study must
have been formed.

Lakes Warren, Wayne ,Grasmere and Lundy all existed during the
deposition of the Halton Till. This ice advance lasted only some 200 years
from 12,200 to 12,000 B.P. and produced the Niagara, Trafalgar, Waterdown,
Oak Ridges and Upper Leaside Moraines. The maximum retreat coincided with
the maximum of glacial Lake Iroquois at about 11,500 B.P,

Fig. 3 is a summary of some of the ice movements and their associated
moraines in the area, during Lake Wisconsin times, and shows the relationship
of the study area to the emergent Ontario Island and the retreating ice
lobes.

The drainage network which must have existed within the complex
of moraines and outwash channel ways adjacent to the ice-sheet, is
reconstructed in Fig. 4. The overall drainage pattern is ice marginal
along the top of the escarpment in the area to the north, being deflected
south-westwards by the arcuate ice-front in this area. The braided channel-
way pattern breaking up the moraine ridges has a focus at the region to

the north of Paris where the Paris Moraine appears to be absent. This is
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WENTWORTH TILL

PORT STANLEY O

PORT STANLEY I

INFERRED DRAINAGE PATTERN

ICE FRONT

Fig. 4: Ice front at the time of the Moffat moraine with drainage patterns

inferred for the moraine-outwash complex.
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the exact location of the two pitslwhich form the basis of this study.

The whole system drained southwards into Lake Whittlesey, whose position
has not been determined with any degreeof accuracy for this time.

The lake shoreline would have migrated from a position near to a line
through Otterville, Delhi and Simco northwards to somewhere north of
Waterford. The local stratigraphy of the gravels suggest a retreat of the
ice and a probable transgression of the lake shore (see Chapters 4 and 8 for

a more complete analysis).
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CHAPTER FOUR
THE LOCAL STRATIGRAPHY

The bedrock of the field area is of Silurian age, and is the Salina
Formation. Exposures are found in the valley side of the Grand River
quite close to the East Paris pit. The outcrops are 5-7 m thick and
consist of dolomite strata upto 35 cms thick, and shaly dolomite with
thin seams of gypsum which are up to 5 cms thick

The bedrock topography has been mapped (Karrow, 1963), and
this provides a useful tool for determining drift thickness when used in
conjunction with a standard topographic map. A map (Fig.5 ) of the -
bedrock topography has been taken from Karrow's map. Around Brantford
the bedrock is at less than 550 feet above sea level, while to the west
of Burford it reaches more than 825 feet above sea level.

Just to the north of Paris (at the approximate location of the
section in Fig. 6.) a spur of bedrock runs west-northwest - east-southeast
dividing tributaries of the Dundas Buried Valley. To the west of
Brantford other tributary-like depressions in the bedrock link with
a depression under the site of Brantford itself. This depression appears
to connect (at about 575 feet above sea level) with the Dundas Buried Valley
system. Karrow (1963) considers the Dundas Buried Valley tc be an
ancestral Grand River.

Overlying the bedrock is a sequence of Pleistocene drift deposits
varying from 250 feet thick in south west Brantford to less than 50 feet

thick in many parts of the southern area around Scotland and Oakland.
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In and around the two pits the drift averages about 100 feet in thickness:
at HWY 5 2 miles east of Paris it is 75-100 feet thick; at the East Paris
pit 110-125 feet thick; at the West Paris pit 95 feet thick; 2 miles
south from Paris in the Paris Moraine it is 100 feet thick; and at
Burford it is 105 feet thick.

The drift stratigraphy is shown in Fig. 6, on a section through
the area north of Paris and just north of the two pits belonging to
C.S.§G. Ltd. The line of the section is approximately along the crest
of the bedrock spur referred to above.

The oldest drift deposit exposed, the Canning Till, is found in
the Nith River north of Falkland. This is a clay till with occasional
pebbles, and at present it forms part of the slip-gkﬁ or lateral accretion,
surface of the inside of a large meander bend in the river.
Stratigraphically above this, is the Catfish Creek Till, exposed at the
Canning Section of Karrow (1963). Both of these are probably laterally
discontinuous eastwards, having been removed by later ice advances.

The Port Stanley Till, forming the Norwich, Ingersoll and
Tillsonburg moraines and ground moraines between them, extends at least
as far as the Grand River north east of Paris, where it is exposed in the
riverside directly overlying bedrock.

The Wentworth Till lies to the east of, and stratigraphically above
the Port Stanley Till, and forms the Paris, Galt and Moffat moraines and
.ground moraines between them. On the line of the section the Paris moraine
forms a small topographic feature immediately adjacent to the Tillsonburg
moraine, but its extent at this point is considerably less than elsewhere
to both the north and south. It is probable that the moraine was initially

much larger at this point, but that it has been obliterated by the outwash
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activity, the gravels of which now occupy a large area north of Paris.

The outwash gravels themselves, exposed in the East and West
Paris pits, can be divided stratigraphically into three units (see
Fig. 7). The basal part, unit 1, is coarser than the other two
and consists of crudely horizontally stratified coarse gravels which
are dominantly imbricated. There are also thin horizons (5-25 cms)
of sandier material which are laterally discontinuous (1.5-10m) giving
the unit its crudely horizontally stratified appearance. The whole unit
is L 10m thick in the pit, but it is probably considerably thicker,
underlying the base of the pit in some parts. At the south end, however,
the base of the pit appears to be actually at the contact between the
outwash gravel and the Wentworth Till, the working level being floored
by a continuous bouldery layer which acts as a natural pavement. At
this point unit 1 directly overlies the till.

The contact between units 1 and 2 is quite irregular, there being
channels cut down into the underlying unit in some parts, and additions
of material intimately related to topographic highs of the underlying
unit in other parts. The whole internal organisation of unit 2 is
completely different from that of unit 1. As already mentioned there are
commonly channels cut into the basal unit, which are 30-100 m. wide.
These channels are composed of dominantly sandy material which is
.normally trough cross-bedded. The material associated with the
topographic highs of unit 1 is coarse gravel and is normally cross-bedded
on a large scale, with foresets 2-3m high. In other parts the material
is not as coarse forming pebbly tabular cross-bedded sets. Unit 2
is completed vertically by crudely horizontally stratified coarse gravels

which are dominantly imbricated, with a large number of sandier lenses
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with planar and low angle laminations. The percentage and type of sand
bodies, and the stratigraphic position distinguishes this from unit 1.

The topmost unit of gravels exposed, unit 3, has an appearance
similar to the top of unit 2, but is sandier. There are large beds of
horizontally stratified coarse gravels (dominantly imbricated), which
alternate randomly with tabular cross-bedded and trough cross-bedded sands
and pebbly gravels, and thin sandy lenses with planar and low angle
laminations.

The basic interpretation of these three units is as follows.

The overall sequence of units 1 through 3 has a fining upwards component
which suggests a receding of the source area, and probably a change from
more ice-proximal conditions in unit 1 to less ice-proximal conditions in
unit 3. As will be shown in more detail in Chapters Six and Eight the
basal unit has a relict topography and palaeocurrent orientation distinctly
different from the upper two units and may represent an outwash system
separate from the one which deposited units 2 and 3. Unit 2 is interpreted
to be a deep-channel and stable-bar braided system establishing itself on
the relict topography of unit 1. Unit 3 is thought to be a shallow-water,
mobile-bar braided system, analogous to the Kicking Horse River, British
Columbia (Smith, 1972, and personal communication).

The exposed gravels in the West Paris pit are confined to the
unit 2 of the outwash stratigraphy. It is probable that unit 1 is
either absent or quite thin here, because Hewitt and Karrow (1963) report
that a red clay till (possibly Port Stanley drift) underlies the gravel not

far below the base level of the pit. Unit 3 is not represented.
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CHAPTER FIVE

INTRODUCTION TO THE FACIES

The overall simplicity of the stratigraphy in this thin vertical
sequence of deposits, allows a series of facies to be recognised and
defined by their textures, bedding and assemblages of sedimentary structures.
- The facies have been interpreted and given genetic names (rather than
facies A, B etc.), to make the text easier to read. Nevertheless, the
description of each facie; is separate from its interprétation. The
facies recognised are as follows.

Bar Core facies (unit 1 of Fig. 7.). The topographic highs of this facies

form the cores of the braid bars in stratigraphic unit 2, and the facies
also totally comprises stratigraphic unit 1.

Bar Front facies (2A of Fig. 7) This facies consists of large scale cross-

strata developed downstream from the bar core.

Bar Stoss-Side facies (2B of Fig 7). This facies consists of coarsening-

upwards cross-bedded sandy gravels and imbricate pebble and cobble gravels,
developed on the upstream side of the bar core.

Bar Top facies (2C of Fig. 7). This facies consists of crudely horizontally

stratified coarse, imbricated gravels with thin sands , developed vertically
above the bar core, the bar front and the stoss-side facies.

Side-channel facies (2D of Fig . 7). This facies consists of trough

cross-bedded, ripple-and plane-laminated sands with occasional gravel
interbeds, developed adjacent tc the first four facies.

Lateral Accretion facies (found only at west Paris). This facies consists
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of strata dipping gently streamward, with imbricated gravels, low angle
cross-strata, and thin sand lenses, developed adjacent to the side
channels.

Shallow braided stream facies (unit 3 of Fig. 7). This facies is similar

to the bar top facies, having imbricated gravels and sand lenses, but is
sandier with cross-lamination and plane-bedding developed in the lenses.
The following two chapters will contain descriptions of the
various facies recognised at each of the pits, and will build each group
into separate interpretive models. Finally, a synthesis will be made
of the East and West” Paris systems, along with examples of braided systems
in the literature, some generalisations will be made and some conclusions
drawn.
For both grain sizes and palaeocurrents, the methods of sampling
and the tabulation of the data obtained, are given in the respective

appendices (Appendix B: Grain size , and Appendix C: Palaeocurrents).
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CHAPTER SIX
THE FACIES AT EAST PARIS

Each of the facies recognised at East Paris will be described
separately, and each description will include their occurrence,
stratification, fabric and palaeocurrents, and grain size data.
_ Interpretation will be deferred until the conclusion of the chapter
where all the facies will be tied-in to an interpretive model. The
pit map (Fig. 8) and the localities marked, will serve as a guide
to the positioning of the facies described. The face (2)-(3)
is approximately transverse to the inferred palaeocurrent direction, and
the face (3)-(4) is roughly parallel to it. These are the two faces

depicted on the photolog.

BAR CORE FACIES: OCCURRENCE

This facies comprises (i) basal gravels (which are continuous
across the pit) with (ii) preserved topographic highs above the basal
gravel which are the cores from which the braid bars grew in stratigraphic
unit 2. The basal gravels are 4m thick in the pit but probably extend to
unknown, and irregular depths below the pit base level. The topographic
highs rise above the basal gravel to a height of 6m (location (2) Fig. 8;
and left end of first strip of photolog), and 4m (between locations
3 and 4, Fig. 8; and third and fourth strips of photolog).

The contact between unit 1 and unit 2 is generally sharp and
erosional, particularly where it underlies the side channel facies (E of

Photolog) and the bar front facies (R of photolog). Elsewhere it can be
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gradational as with the contact of the bar core and the bar top facies
(0 of photolog), or erosional where the bar core underlies the bar

stoss-side facies (M of photolog).

BAR CORE FACIES: STRATIFICATION
This facies is predominantly composed of coarse gravels which
are crudely horizontally stratified and moderately well imbricated.
There is no apparent overall sequence in this facies, the fabrics,
structures and stratification remaining similar throughout. The
crudely horizontal nature of the deposit is imparted by a series of
features:-
(1) Discrete sand lenses (B of photolog), 5 to 25 cms thick
and 1.5 to 4m wide, which are concave upwards and appear as channel
like depressions. These exhibit planar lamination, low angle cross
lamination and trough cross lamination, singly or in combination. The
trough cross lamination is usually small scale (1.5 to 4 cms) though
some larger scale structures (up to 10 cms) do occur in places.
(ii) Thin discontinuous horizons, 5 to 25 cms thick and 3 to 8 m
wide, with higher than average matrix content. These occur variously
as concave upwards or convex upwards bodies, and there does not appear
to be a predomincance of either type.
(iii) Thin discontinuous horizons, 5 to 20 cms thick and 2 to
9 m long, with finer than average matrix content, which are easily located
because of their capacity to retain moisture. These are usually concave
upwards (see C and P of photolog), and have a thin silt drape at the top.
(iv) Horizons with little or no matrix (the true openwork gravels),

5 to 15 cms thick and 2 to 6 m long. In these horizons the sand content



33

usually increases upwards, finally'closing off and sealing the gravels

against further sand infiltration.

BAR CORE FACIES: FABRIC AND PALAEOCURRENTS

The coarse gravels of the bar core facies are moderately well
imbricated. The angle of dip of the pebbles and cobbles (see Table 23
Appendix C), has a mean of 24 degrees, and the modal class (taken from
stereoplot of Fig, 9) is 20 to 30 degrees. The histograms of the dip
- angles of the 5 samples shows the modal class variously as 20 to 24
degrees and 25 to 29 degrees, with no predominance of either class. Angles
of imbrication within this range (20 to 29 degrees) have been reported in
other s?udies dealing in part with the imbricate nature of Pleistocene
gravels (Rust, 1972).

The imbrication of the gravels was used primarily as a palaeocurrent
indicator. All the pebbles and cobbles measured had a ratio of b:c axes
of greater than 3:1, and a b axis of 5 cms or more. In nearly all cases
the a axes were oriented transverse to the inferred palaeocurrent direction,
and the a-b planes of the pebbles dipped upstream. The exceptions to
these conditions, which were relatively few, were those pebbles with a b:c
ratio closest to 3:1 (i.e. the more spherical particles). These were
oriented at varying angles filling the void spaces between larger and
flatter pebbles, and tend to have their a axes distributed equally between
transverse-to and parallel-with the inferred palaeocurrent direction.

Fig. 9. shows a plot of 119 readings from 5 samples of imbricate
pebbles and cobbles taken in various parts of unit 1. Of the 5 samples
one is from the bar core at location (2) (Fig. 8.), two are from the bar
core between locations (3) and (4), and two from below the channel facies

betwsen locations (2) and (3).
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Table 23 1in the palaeocurrént data appendix (p.209), shows the
measured dips and inferred palaeoflow directions for this facies; the
dips are about 24 degrees, and the inferred palaeocurrent grand vector
mean is about 140 degrees. The two cores have the same palaeocurrent
directions as each other, and as the basal gravel. Visual comparison
of rose diagrams of dip directions indicates a close similarity in
distributions between the 5 samples. The vector means of the samples
(139, 140, 135, 140, 136) are also very close. Therefore, all the
samples are probably from the same braided system, there being no
essential differences between the parts of unit 1 which form the topographic
highs (and bar cores) and those which form the underlying basal gravels.
The whole of unit 1, therefore, belongs to a system whose palaeocurrent

direction was south east.

BAR CORE FACIES: GRAIN SIZE

This facies is the coarsest deposit overall in the outwash system
(see Fig. 10.) Isolated boulders of 5C to 72 cms in diameter are
found in this and other facies (R and T of photologj, but they do not
represent the normal particles moved by the stream. Bradley et al (1972)
refer to these as 'oversized particles', and the remaining sediment as
"coarse particles readily moved', by the stream system. The second of these
categories in the Bar Core facies has a mean grain size ranging from -3.25
'to -4.0 phi. The mean of the 10 largest particles, an approximation of
the coarsest percentile (see Appendix B for brief discussion of methods used
and for all grain size data), is in the range - 7.25 to -7.5 phi (i.e.
cobbles of the Wentworth (1922) scale; see Fig. 11.)

Fig. 12 shows the grain size distributions of a typical basal

gravel sample of the Bar Core facies. There are three gravel modes and
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mm microns phi Wentworth
Boulders
256 -8
Cobbles
64 -6
Gravels
16 -4 Pebbles
4 -2
Granules
s 2 -1
V. coarse
1 1000 0
coarse
0.5 500 1
Sands
medium
0.25 250 2
fine
0.125 125 3
V. fine
— 0.0625 62.5 4
coarse
31.0 5 Silts
Med. & fine
3.9 8
clay

Fig. 11 Grain size scales for clastic sediments.

(after Folk, 1968)
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one medium sand mode. The inset of Fig. 12 shows a sand sample from
a lens (at B on photolog) within the bar core facies. Its distribution
is comparable to that of the sand fraction of the matrix of the coarse
graQel sample.

The sand in the gravel sample comprises approximately 20% of
the total sediment, (using the gravel/sand boundary at -1.0 phi after
'Wentworth, 1922 . Plumley (1948) demonstrated that loosely packed gravels
could accommodate 32% sand, and closely packed gravels could accommodate
22% sand. Sample EP 26/11-9, which is typical of the Bar Core facies,
has a sand content of approximately 20%, which would seem to indicate
that the fabric of the original gravel was closely packed.

The standard deviaticn values of the gravel samples range from
2.6 to 3.3. These high values reflect a very poor sorting (Folk, 1968)
which is also reflected in the polymodal distribution. The skewness
values of the samples are all positive, indicating excess fine material
in the distribution. The kurtosis values range from 0.591 to 1.215
(very platykurtic to keptokurtic). The combination of large standard
deviation values and predominantly platykurtic values of kurtosis reflects

a history of the sediments which involves little effective sorting.

BAR FRONT FACIES: OCCURRENCE

This facies derives its name from its position in relation to
the bar core, and is best exposed in association with the bar core
between locations (3) and (4) (see Fig. 8.). The facies has a maximum
thickness of 4m, which is controlled by the original relief of the core,
and an exposed length of 150m.

A sand body lies between the bar core itself and the Bar Front

facies (see R to U of photolog). This is actually part of the side
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channel facies, but is described in this section because it initiates
the downstream addition of material to the bar core. The contact
between the sand body and the Bar Front facies is sharp and erosional
(see U of photolog).

Further exposures of the Bar Front facies occur in places amongst
the stock piles between locations (4) and (5) of Fig. 8, and more
‘continually at and around location (5) itself. Here the facies has
prograded over a sandy deposit of the side channel sands. In all
cases the Bar Front facies is overlain by the Bar Top facies and the

shallow braided stream facies in succession.

BAR FRONT FACIES: SEDIMENTARY STRUCTURES

This facies is composed of (i) coarse gravels with large scale
cross strata, (ii) imbricated coarse gravels, and (iii) a series of
reactivation surfaces which interruét the cross strata, and which have
sands associated with them in places. The imbricate gravels represent
a continuation of the Bar Top facies along the reactivation surface and
down the avalanche face, and as such will be desc¢ribed later. Thus the
Bar Front facies grades upwards into the Bar Top facies and no distinct
boundary between the two can be drawn (see Fig. 13.).

The angle of dip of the cross strata was measured in 7 sampling
locations. 20 pebbles and cobbles lying with the plane of the foreset
were measured for angle and direction of maximum dip at each sampling
location (see table 24 Appendix C). The values range from 6 to 49 degrees
in total, but the mean of each sample falls within the range of 27-29 degrees.
In 5 cases the modal class is 25-29 degrees, and in 2 cases it is 30 to

40 degrees.
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The foreset slopes not only have pebbles and cobbles lying
within the plane of the foreset but a form of imbrication also occurs
with those particles that avalanche down the foreset slope. By
definition, imbrication is taken to be the stacking of particles with
their maximum projection planes dipping upstream relative to the
depositional surface. Thus pebbles and cobbles on a foreset slope which
aré actually dipping downstream relative to the channel substrate, can
be imbricated relative to the foreset slope (see Fig. 14). This was
commonly the case in some of the cross strata of this facies.

The coarse gravels form two distinct types of cross-strata:-

(1) This type is formed by the pebble/cobble fraction of the
gravel with little or no matrix and constitutes an openwork gravel (see
Fig. 15). The foresets are from 5 cms to 45 cms thick and commonly
wedge and thicken down the foreset slope. The top of the foreset is
composed of pebbles and cobbles. This fining up the foreset slope is
marked by a fining upwards perpendicular to the plane of the foreset,
again from pebbles and cobbles to granules and pebbles (see (i) of Fig.
16). This openwork gravel type of foreset is commonly followed by a
thin (15 to 60 cms) development of type (ii).

(ii) This type of foreset is composed of heferogeneous gravel, in
which there is little or no grain size segregation. In places the largest
particles (of cobble size) are found as the upper half of the foreset slope
having not had sufficient time to slide further before burial. A whole range
of grain sizes is present, from coarse sands, through granules and pebbles,
to cobbles. The thickness of the laminae is indeterminate because of the

heterogeneous nature of the gravel. The laminae can be straight or convex
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Fig. 14 The orientation

A

of pebbles on foreset slopes

Sliding down parallel to the foreset slope
and stacking at base.

Composite layers of pebbles and cobbles with
varying orientations due to sliding and stacking




Fig. 15:

Gravel foresets of Bar Front facies.
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16 Type of cross strata in the coarse gravels of the Bar Front Facies
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upwards, and occur in bundles 1 to 3 m thick (see photolog at V), or in
a thinner series alternating with type (i).

The alternations of types (i) and (ii) (openwork gravel foreset;
and heterogeneous gravel foresets) constitute a series of cross strata which
appear to be fining upwards. The top of the openwork gravel becomes sealed
off against infiltration of matrix sized particles because of burial by the
heferogeneous gravels. Another feature of the openwork gravels at the base
of the foreset slope is the occurrence of Mn-rich and Fe-rich chemical
sedimentary deposits as fine grained coatings on the pebbles and cobbles.
These coatings both appear black in fresh exposure, but the Fe-rich one
quickly oxidizes to a rust brown colour, while the Mn-rich one eventually
turns a dull ash grey. The chemical tests of these deposits were carried
out using the procedure laid down by Wolf et al (1967). The two
chemically deposited sediments were invariably found separate from each other,
though in places they were in adjacent foresets. Similar deposits occur in
openwork gravels throughout the fluvio-glacial system from Preston to Oakland.

The sand body, between the coarse gravels of the Bar Front and the
bar core, ought properly to be described as a side channel facies. However
it initiates the downstream addition of material onto the bar core, therefore
could be considered as a constituent of the Bar Front facies., As such it will
be described here. It is composed dominantly of trough-cross bedded sands,
with troughs of various sizes from 3 cms deep by 20 cms wide to 30 cms deep by
140 cms wide. Rippled sands are also developed at the base of the sand body.
The palaeocurrent and grain size data are described below, and the significance
of the sand body's divergent palaeocurrent (217 degrees compared to 177 degrees)

is discussed at the end of the chapter.
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In the 110 m of cross strata exposed north of location (4)
(Fig. 8), there are 10 or 11 reactivation surfaces. The letters V, W
and Z of the photolog are located near to three of the better examples.
These surfaces are convex upwards, with anangle of 0 to 5 degrees near the
top, increasing to 15 to 20 degrees at the base (see Fig. 17). Even at
their steepest these surfaces rarely match the angle of dips of the cross
strata, and nearly always truncate them at a lower angle. The surfaces are
10 to 15 m long and from 3 to 13 m apart, (see Fig. 17), with the exception
of the most northerly part of the cross-stratification. Immediately after
the sand body there is at least 30 m of progradation by gravel cross strata
before interruption by a reactivation surface. Fig. 18 shows the complete
Bar Front exposure and the distances between reactivation surfaces.

On several of the reactivation surfaces, such as those at W and Z
on photolog, thin sands are developed. These have an internal sedimentary
structure of medium-scale cross lamination, and the partially preserved
external morphology of dunes. These dunes are 8 to 15 cms high, with a
wavelength of 30-35 cm and an inferred palaeocurrent direction opposite

to that of the cross-strata.

BAR FRONT FACIES: FABRICS AND PALAEOCURRENTS

The pebbles and cobbles measured in an attempt to determine the
cross strata dip direction (see Table 24 , Appendix C) have a range of
idirections from 085 to 274 degrees. However the mean values of the sample
fall in the range from 169 to 187 degrees, and the standard deviation values
range from 33 to 45 degrees. Fig. 19 (A) shows a stereoplot of the 140
readings from the 7 samples. The Bar Front advance as indicated by the
cross strata is almost due south.

The sands on the reactivation surfaces could not be measured accurately
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but the direction of flow indicated by their foresets and the dune asymmetry
was opposite to that of the large scale gravel cross strata. The
imbricate gravel of the Bar Top, forming the top set of the whole Bar
Front, has palaeocurrents similar to those of the large scale cross
strata. These are discussed in detail in the Bar Top facies section.

The side channel sand body was measured at 3 localities
and 40 palaeocurrent readings taken in total (see Table 25, Appendix C).
The 10 trough axes measured gave a palaeocurrent flow toward west-southwest
(255 degrees), and the crest-lines of medium scale foresets gave a
palaeocurrent flow toward south-southwest (205 degrees.) The readings
are plotted on Fig. 19 (B), and the grand vector mean for the sand body

palaeocurrents is 217 degrees (southwest).

BAR FRONT FACIES : GRAIN SIZE

This facies is one of the coarsest in the outwash system (see
Fig. 10). Two samples of the gravel cross-strata, two of the reactivation
sands, and two of the side channel sandy body were sieved. Fig. 20 gives
histograms for each of these and table 2 gives the raw data.

In both the gravel samples the mean grain size if -3.0 phi, and
the mean of the 10 largest particles is -6.25 and -6.5 phi (i.e. cobbles of
the Wentworth (1922) scale: see Fig. 11). Standard deviation values are
1.73 and 2.06 phi, indicating poor sorting. For the reactivation sand
ﬁamples the means are 0.0 phi and 1.1 phi; the standard deviation values of
0.81 to 1.96 indicate moderate to poor sorting. The modal classes of the
gravel samples occur in the pebble range, and in the coarse-sand range. The
one mode in the reactivation sands is comparable to the coarse sand mode of

the gravel samples.
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The sands of the side channél sand body have mean grain sizes of
0.3 phi and 1.2 phi, and the mean of the 10 largest grains is -3.75 and
-1.0 phi respectively. Both of the sands have a single mode at the
medium sand range, and one of them has an additional minor mode in the
granule range. Standard deviation values of 0.7 and 1.9 indicate moderate
to poor sorting. Skewness values vary from -0.238 to 0.510 (coarse skewed
to strongly fine skewed). Both sands sampled on the reactivation surface
display a near symmetrical distribution. Kurtosis values range from 0.799

to 1.379 (platykurtic to leptokurtic).

BAR STOSS-SIDE FACIES: OCCURRENCE

As the name suggests, this facies is developed upstream of the
topographic high of unit 1, which is the bar core. It is best exposed along
the north part of the face between locations (3) and (4) (see Fig. 8).

The facies has a maximum thickness of 4m, controlled by the thickness of the
core, and and exposed length of 150m. It consists of coarsening upwards
units (see G of photolog) composed of tabular cross bedded coarse sands and
granules, grading into well imbricated coarse gravels in the cobble size
range.

The contact between the stoss-side facies and the underlying basal
gravels of the bar core facies is sharp and erosional where the tabular cross-
.bedded sands and granules are in direct contact (H of photolog), and
gradational where the coarse gravels are in direct contact (below F of
photolog). Where contact with the bar core proper occurs the junction is
erosional (H of photolog). Laterally in the system the stoss-side facies
is found interfingering with the side channel facies (see F of photolog).

The stoss-side facies is overlain gradationally by the Bar Top facies. The
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The shallow braided stream facies follows in succession.
A further exposure of the stoss-side facies at location (1)
of Fig. 8, where it is seen overlying the basal gravels, and laterally

adjacent to another exposure of side channel facies.

BAR STOSS-SIDE FACIES: STRATIFICATION AND SEDIMENTARY STRUCTURES

In places this facies is developed in upstream-dipping inclined
strata which are most prominent (a) where the facies interfingers with
'the side channel, (here a maximum angle of 10-12 degrees is recorded) and
(b) where the facies comes into contact with the bar core (here the
maximum angle is 9-10 degrees). Elsewhere the angle is much lower and
the facies stratification is sub-horizontal.

Basically the facies is composed of coarsening upwards units
which have two component parts:-

(i) tabular cross bedded coarse sands and granule gravels, in
wedge shaped and parallel sided sets. Each coset of this type coarsens
upwards becoming more pebbly towards the top (see H of photolog). This
part of the facies can be up to 2.5m thick. The individual sets are
commonly 20 to 35 cms thick, but occasionally are 50 to 55 cms thick. The
angle of dip of the cross-bedding was measured at 4 sampling localities with
46 readings in total (see table 27 of Appendix C). The dip angle varied
in total from 6 to 34 degrees, and the means of the 4 samples ranged from
18 to 23 degrees.

(ii) A well imbricated coarse gravel capping to each coarsening-
uﬁwards unit, which is predominantly cobble size material. This part can
be anything from a one-pebble thick unit, up tc 1.5m thick (see I of photolog).

It is this part of the facies which interfingers with the side-channel facies
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(see F of photolog).

The whole coarsening-upwards unit is commonly topped by a cobble
lag of one particle thickness. In some places the upper part of the
coarsening upwards unit (i.e. - part (ii) and the cobble lag), is less
well developed or missing altogether.

A repeated sequence of coarsening-upwards units is exposed in
places (see L of photolog), which has both the tabular cross-bedded and

the well imbricated gravel parts.

BAR STOSS-SIDE FACIES: FABRICS AND PALAEOCURRENTS

Two types of palaeocurrent data are available for this facies.

The imbricate fabric of the coarse gravels in the upper part of the facies
was measured, and the direction of the maximum dip of the cross beds in the
lower part was also measured.

The palaeocurrents inferred from the cross-bedding are slightly more
variable than those from the imbrication. The mean directions of 4 samples
of cross strata (46 total readings, table 27 Appendix C), range from 155
to 200 degrees. Fig. 21(A) shows the rose diagram of the cross-bedding
which has a vector mean of 176 degrees, roughly due south.

The imbricate fabric was examined at 6 localities (150 readings -
table 26 Appendix C). The means of the dip angles range from 22 to 26
degrees but the modal classes are less consistent, with samples having
modes variously from 10 to 14 degrees to 30 to 34 degrees. In fact only
one of the samples has a mode in the 20-24 degrees class where most of the
means fall.

The mean inferred palaeocurrent direction for the sampling

locations range from 161 to 194 degrees. The grand vector mean for the

150 readings is 182 degrees, also roughly due south. (see Fig. 21 (B)).
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BAR STOSS-SIDE FACIES: GRAIN SIZE
The cross-bedded sands and gravels were sampled at 16 sites (see
table 3 Appendix B). The mean grain size ranges from -0.79 to 1.33 phi,
and standard deviation values of 0.88 to 2.16 indicate moderate to very
poor sorting. The gravels of the imbricate beds were sampled at 3 sites
(see table 4 Appendix B). The means of the 10 largest particles at
these sites range from -6.0 to -6.25 phi (cobbles of the Wentworth (1922)
scale; see Fig. 11). The mean values range -2.11 to -2.33 phi, and
the standard deviation values of 2.07 to 2.35 indicate very poor sorting.
Fig. 22 shows two coarsening upwards sequences with 3 samples from
each, taken in the same unit approximately 40m apart. In both cases the
coarsest sample is an imbricate gravel, and the other two in each are
cross-bedded gravels. The sand modes for those six samples range from
0.0 to 2.5 phi, but most of them (5 out of 8) are in the range 0.0 to 0.5 phi
coaféé sand. The gravel modes vary from -2.5 to -5.0 phi pebbles.
Virtually all the stoss-side samples exhibit negative skewness
,indicating an excess of coarse material. The imbricate gravel samples
(Table 4, Appendix B) are exceptions with near symmetrical to strongly
fine skewed distribution. The kurtosis values of the cross-bedded gravels
indicated predominantly leptokurtic distributions. The imbricate gravel
distributions are platykurtic, and the combination of these values with large
standard deviaiton values indicates that little effective sorting has been

experienced.

BAR TOP FACIES: OCCURRENCE

The bar top facies is exposed along the length of the face between

locations (3) and (4) of Fig. 8, on top of the Bar Core, Bar Front and
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Bar Stoss-side facies. Where the Bar Top and the Bar Core are in direct
contact, the transition is a zone of reworked core gravel (see O of photolog).
This zone has particular significance regarding the reconstruction of the
sequence of events of bar formation, and will be discussed fully at the end
of the chapter. Contact with the Bar Front gravel is gradational (see
above) because the Bar Top imbricate gravel also forms the Bar Front
gravel supply. The Shallow Braided-Stream facies follows above the Bar
Top throughout the system, and the transition is everywhere gradational,
and normally very difficult to determine exactly.

Other exposures of the facies occur between location (1) and
(2), and (5) and (6), where they variously overlie Bar Front and Bar Stoss-

side facies exposures.

BAR TOP FACIES: STRATIFICATION

This facies has two constituent parts:-

(i) The upper surface of the bar core topographic high is reworked
and forms part of the Bar Top facies. A relatively thick (1 to 1.5m) unit
of undulatory appearance marks this zone. This configuration is due
to shaliow trough or channel-like depressions from 3 to 5 m wide. The
whole zone is exposed from H to R, and one tfough-like depression is labelled
at 0 on the photolog.

(ii) The bulk of the facies is composed of coarse gravels which
are crudely horizontally stratified and moderately well imbricated. The
crude horizontal stratification of the deposit is imparted by a series of
features comparable to those described in the Bar Core facies section.

They are:- a) Discrete sand lenses (S of photolog) 5 to 20 cms thick
and 3 to 6 m long, which are generally concave upwards and appear as

channel-like depressions infilled by sand. These exhibit small to medium-
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scale cross lamination of both low angle and trough types. In places
the complete lens is one cross-laminated set. b) Thin discontinuous
horizons 5 to 25 cms thick and upto 20 m long in the direction of flow,
composed of sand-matrix-rich gravels. These normally occur as slightly
concave upwards forms, and can be seen at X of photolog. c¢) Horizons with
little of no matrix 5 to 15 cms thick and 2 to 10 m long. The sand
content of these horizons normally increases upwards closing off and
sealing the gravels against further sand infiltration.

The silt matrix horizons described in the Bar Core facies section

are not present here.

BAR TOP FACIES: FABRICS AND PALAEOCURRENTS

Three types of palacocurrent data are available for this facies.
The low angle trough cross-bedded gravels of the reworked top surface of
the bar core were sampled at 2 sites (51 readings); the discrete sand lenses
with cross-lamination were sampled at 5 sites (70 readings); and the
moderately well imbricated coarse gravels were sampled at 4 sites (95 readings).
Fig. 23 shows a rose diagram or a contoured stereoplot for each group.

The reworked core gravels were measured at a location 8 m to the
right of P of photolog. An approximately equal number of readings (25
and 26) was taken from each side of a shallow trough-like structure. The
two parts of the distribution are reflected in the bimodality of the rose
diagram (see Fig. 23). The inferred palaeocurrent direction is 249 degrees.
The divergence of this direction from thevothers of this facies is discussed
in the interpretive model developed at the end of this chapter. The dips
of the cross strata varied from 3 to 41 degrees, and the means of the two

samples were 23 and 22 degrees.

The cross laminations within the sand lenses (see also tabie - j;



e
>

VM. 180°

GVM. 179°

Palaeocurrents of the Bar Top facies at
East Paris.

imbricate gravel

/

sands .
20/

VM. 249°

reworked upper surface of Bar Core (:

19



62

Appendix C) gives a range of inferred palaeocurrent directions from 096
desgres to 268 degrees, with a grand vector mean of exactly 180 degrees,
due south. The individual means of the 5 samples range from 170 to 188
degrees.

The moderately well imbricated gravel was sampled at 4 sites and
Fig. 23 shows a stereoplot of these measurements. The mean angle of dip
of the samples ranges from 18 to 26 degrees, while the total range is
3 to 48 degrees. The grand vector mean and inferred palaeocurrent direction
is 179 degrees, almost due south, while the vector means for the samples
range from 157 to 204 degrees (see table 30 , Appendix C). These imbricate
gravels also represent the gravel supply to the Bar Front (see above).
The inferred palaeocurrent of the Bar Front cross strata (177 degrees), the
imbricate gravels (179 degrees) and the sand lenses (180 degrees) all agree

very closely.

BAR TOP FACIES: GRAIN SIZE

Isolated boulders 50 to 72 cms in diameter are found in this and
other facies of the system (R and T of photolog; and see above Bar Core facies:
Grain Size), but do not represent the normal particles moved by the stream.
The normal particles of the Bar Topvfacies are coarse gravels (see Table 6
Appendix B). The mean grain size of the samples ranges from -2.0 to-2.2 phi,
and the mean of the 10 largest particles ranges from -5.5 to -6.25 phi
(pébbles and cobbles of the Wentworth (1922) scale: see Fig. 11.). The
sands observed in the discrete sand lenses have a mean grain size of 1.5 phi.
(medium sand, see Table 5, Appendix B).

Fig. 24 shows histograms of the 4 samples. The sand sample has a

mode at 1.5 phi, while the sand fraction of the gravels has modes from -0.5
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(very coarse sand) to 1.5 phi (medium sand). Gravel modes occur at -4.5,
-3.5 and -2.0 phi (all in the pebble size-class). The sand content of the
gravel samples is between 25 and 36 percenf of the total sample, which
implies a moderately loose packing (Plumley, 1948). The standard

deviation values for the gravels range from 1.99 to 2.27 (poorly to

very poorly sorted), and for the sands are 0.54 (moderately well sorted).
Skewness values indicate excess fine material in the gravels and in the

sand. The gravels have kurtosis values indicating platykurtic
distributions which together with the high standard deviation values suggest
that little effective sorting has been experienced. The leptokurtic value

of the sand sample reflects its unimodal distribution.

SIDE-CHANNEL FACIES: OCCURRENCE

The deposits of the side channels are some of the finest in
the whole outwash system, and the finest at East Paris (see Fig. 10).
There are 5 exposures of the facies:-

i) Near location (1) (Fig. 8), between a deposit of stoss-side
facies on the west and an exposure of a bar core on the east.

ii) Along the face between locations (2) and (3), where a
large (100m by 6m) exposure is located. This is the type example.

iii) Between the bar core and the bar front facies along the
face (3) to (4) of Fig. 8. (see above: Bar Front facies.)

iv) At location (5) subjacent to Bar Front facies deposits, and

v) At location (6) where'it overlies basal gravels of the
Bar Core facies and is laterally adjacent to cross-strata of the Bar

Front facies.
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In all cases the contact between the side-channel facies and
the Bar Core facies is sharp and erosional. This relationship is
particularly well illustrated in the face between (2) and (3) (near B and
C, and at E of photolog). The contact with the stoss-side deposits dis-
playsan interpenetrating relationship, with thin-lenses of stoss-side gravel
pinching out across the channel (see F of photolog). Contact with the
Bar Front facies is generally sharp and erosional when the bar front cross
strata overlie the channel sands (as at V of photolog), and is sharp
where the two are laterally adjacent.

The type example of the side channel facies is exposed along the
face (2) to (3) (Fig. 8). Here the channel form has a maximum depth of
6 m and a width of 100 m. It is illustrated in the first strip of the
photolog, and a diagrammatic representation is given in Fig. 25. On the
west side of the channel, a portion of a bar core is exposed adjacent to
the channel deposits and forming one bank. Basal gravels of the Bar Core
facies underlie the channel, and stoss-side and bar top deposits form the
eastern side of the channel.

The channel itself displays a fining upwards sequence from large
scale trough cross-bedding in granule gravels, to smaller scale trough cross
bedding, to plane lamination at the sides of the channel inclined up the
sloping edges, and finally rippled and ripple drift cross-laminated fine
_sands.

Elsewhere the channels are of a smaller scale (3-4m deep and 25-50m
wide), and exhibit no such sequence, having dominantly rippled and plane

laminated sands.
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SIDE-CHANNEL FACIES: SEDIMENTARY sTRUCTURES

There are basically three types of sedimentary structures:
trough cross bedding, planar lamination, and ripple lamination.

The trough cross-bedding and trough cross lamination are best
exhibited in the central portions of the channel forms. There are two
directional components of fining exhibited by these structures in the
channels. The troughs get smaller and the material finer both upwards
and outwards from the centre and base of the channel forms. The trough
sizes vary from 450 by 35 cms to 50 by 8 cms in the granule gravels and
coarse sands, but are considerably smaller in the fine sands where they
are as small as 7 cms by 2 cms. The latter constitute part of the rippled
deposits. Because of the nature of the exposure the length of the
troughs in the direction of flow was not observed.

The width-depth ratios range from 4:1 to 18:1, and there does not
appear to be an overall change through the fining upwards sequence. Trough
cross-bedding in granule gravels is seen in three of the channels (those in
the north of the pit, and the one along the east face). In the south face
the channels are developed in coarse to medium sands, and are associated with
considerably more planar lamination.

The plane lamination occurs in two situations. Firstly, inclined
plane laminae are found in the extremities of the larger channel forms.

Thgy are located on the east side of the channel in the portion of the

sandy deposit which interfingers with the stoss-side of the adjacent bar form
@bove F on photolog); and on the west of the channel higher up the side,
below the rippled sands (above B of photolog).

In other channels the planar lamination is predominantly horizontal.

In some places there is a segregation of the heavy mineral grains and the
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quartz grains into thin (2 to Smm) laminae. Elsewhere the planar lamination
is dominantly quartz sand, but commonly has isolated pebbles and pebble
clusters in assocation with it. The nature of these coarser features give
a crude palaeocurrent indication. The isolated pebbles on a plane bed
tend to be oriented dipping upstream, which agrees with the observations
made by Fahnestock and Haushild (1962). Where associated pebble clusters
occur, two types are observed, which Dal Cin (1968) also noted (see Dal
Cin, 1968 Fig. 2, p. 235; and Fig. 26 of this volume). In the one case
(Dal Cin's "normal' case), the so called wake of pebbles associated with
a cobble is found on the upstream side; while the other case (Dal Cin's
"exceptional'' case), the cobble is upstream of the pebble wake. At East
Paris both were observed and neither was apparently dominant.

Sands which are rippled or ripple drift cross-laminated, occur at
the top of the main channel fining-upwards sequence, and in the shallower and
sandier channels elsewhere. The direction of climb of the ripple drift
cross-lamination is obliques to the main palaeocurrent of the channel. In
the main channel ripples only occur on the west side (see Fig. 27), but this
may be the only half preserved of a symmetrical pattern as occurs in the
smaller channels. Individual sets have thicknesses ranging from 0.6 to

5.1 cms, and cosets can be upto 45 cms thick.

SIDE CHANNEL FACIES: PALAEOCURRENTS

| Quantitative data is available for the trough cross-bedded and the

ripple laminated deposits. The pebble clusters give only a crude palaeocurrent
indication which was neither easily nor accurately measured. 6 sampling

sites of the trough cross-beds were measured (a total of 124 readings,

see table 31 , Appendix C). Readings were taken of the cross-beds themselves
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where they were partially cemented and weathered out, and of the discoid
pebbles lying in the plané of the foreset slope as an approximation of the
cross-beds elsewhere.

The directions obtained ranged from 070 degrees to 294 degrees, with
mean values for the samples from 171 to 221 degrees. The number of
readings taken was considered sufficient to obtain a valid palaeocurrent
direction despite the trough like nature, and therefore inherent variability,
of the cross strata. The angle of dip varied from 3 to 36 degrees, with a
range for the means of the 6 samples of 15 to 27 degrees. Fig.27 (A) shows
a rose diagram of the cross strata with a vector mean of 182°, almost
due south.

The rippled sands were measured at 4 sampling sites, where
"rib and furrow" directions and directions perpendicular to measured crest
lines were noted. A total of 56 readings was obtained in the main channel
from the western side where they are well preserved, and these have been
plotted on a rose diagram (Fig. 27 (B)). The means of the samples varied )
from 186 to 236 degrees, with a total range of 148 to 306 degrees, the two
sets of data are somewhat comparable and have been combined to give a grand

vector mean in Fig. 27 (C).

SIDE-CHANNEL FACIES: GRAIN SIZE

This facies constitutes the finest deposit in the East Paris Pit.
Fig. 28 shows cummulative curves for 4 samples of the facies. The complete
data for the 25 samples are listed in tables 7, 8 and 9, Appendix B.

The trough cross bedded deposits have mean grain size values from
-0.59 to 1.39 phi, with the mean of the 10 largest particles ranging from
-3.0 to -5.0 phi. Gravel modes are rare occuring in only two out of 12

samples, at -4.0 and -2.5 phi (pebble size class). Sand modes range from
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-0.5 to 2.5 phi, but are mainly in the range 1.0 to 2.0 phi (medium sand
class). The standard deviation values of 0.57 to 1.48 indicate moderately
well-to poorly-sorted deposits.

The planar laminated sands have mean grain size values of 1.78 to
2.62 phi. Modes occur from 2.0 to 3.0 phi (fine sand), and all samples
are unimodal. Standard deviation values of 0.45 to 0.70 indicate well-
to moderately well-sorted sands. The rippled sands have mean grain size
values of 1.58 to 3.8 phi. The latter, upper value is not strictly correct
because the sample had 40 per cent finer than 4.0 phi (silt size) and its
upper limit was not determined. At one locality at the top of the main
channel a thin (1.5 to 3.5 cms) seam of clay.size particles was observed
""pinching and swelling' through the rippled sands and silts. Standard
deviation values ranged from 0.41 to 0.82 (well sorted to moderately sorted).

Skewness values for the trough cross-bedded material and for the
rippled sands were dominantly negative, while for the planar laminated they
were almost all positive. In the latter the negative value of the skewness
is associated with a gravel size C (phi 1). Kurtosis values range from

mesokurtic to very leptokurtic.

SHALLOW-BRAIDED STREAM FACIES: OCCURRENCE

The shallow braided stream facies totally comprises stratigraphic
unit 3, (see Fig. 7), and has two constituent parts. The lower part
consists of cross-bedded granule gravels which are the final infilling of
the side-channel depression. This is not part of the side-channel facies
however, and can be distinguished from it by two criteria. Firstly, this
part of unit 3 is considerably coarser than the channel deposits immediately

underlying it; and secondly, the contact with the channel depsoits below
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is erosional while the contact with the rest of unit 3 above is gradational.
The upper part of unit 3 is composed of crudely horizontally
stratified gravels with imbrication, gravels with medium scale tabular cross-
stratification, and small sand bodies and lenses of varying nature. It
is this part from which the facies derives it name. The contact of this
part-of the facies with unit 2, is always gradational with the Bar Top
facies, and commonly difficult to delineate precisely.
The facies in total constitutes a 'blanket' cover of gravel over
the entire outwash system at East Paris, and at most locations can be found
at the top of the outcrop face. The upper part of this facies also has a
fining upwards component, and a thin sandy hor;zon below the top soil can

be commonly observed at most points.

SHALLOW BRAIDED STREAM FACIES: STRATIFICATION AND SEDIMENTARY STRUCTURES
The facies will be described in terms of 4 distinct sub-facies
(i) the trough cross-bedded gravels of the lower part of the unit;
(ii) the imbricated gravels with crude horizontal stratification; (iii)
the tabular cross-bedded gravels; and (iv) various sandy horizons and
small scale sand bodies. |
(i) The trough cross-bedded gravels of the main channel infill
are in sets of 20 to 35 cms, and in one coset of 1.5m maximum thickness
(see D of photolog). The troughs crop out in oblique section, but can
be excavated to give transverse sections. These widths vary from 0.75
to 4.15m, and the elongation downstream is commonly 4 to 8m. The cross-
strata are generally asymptotic énd have dip angles ranging from 13 to 35
degrees, with means at the 5 sampling locations of 25 to 29 degrees

(see Table 34, Appendix C).
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(ii) The imbricate gravels'occur in two situations. The first
is as a thick (commonly 3m) accumulation of crudely horizontally stratified
gravels (see above Q of photolog), with associated thin sand horizons and
lenses, and matrix free horizons (see (iv) below); and secondly as thin
10 to 20 cm) beds in assocation with the tabular cross-bedded gravels.

Both imbricate gravel situations have similar fabrics. The angle of dips
of the pebbles and cobbles (125 readings, 5 samples) varied from 3 to 42
degrees, with a range slightly less than this in each of the 5 samples.

The mean angles varied from 12 to 22 degrees (see table 33, Appendix C).
The palaeocurrents are discussed below.

(iii) The tabular cross-bedded gravels have angular to slightly
asymptotic bases to the foresets, which occur in sets of 25 to 40 cms in
thickness (see J of photolog). Each set, some 5 to 20m long, is usually
found Qith an assqciated‘thin imbricate gravel bed (see above) directly
ébove ﬁhe foréset;. The forésets dip at 16 to 35 degrees (47 readings
from 3 sample locations), and the mean angle for each sample, is 24, 25 and
26 degﬁees. : The ‘palaeocurrent data for these features are discussed below

(iv) This sub-section includes a widely diversified group of sandy
features. They are:-

a) Thin discontinuous sand-matrix-rich horizons within the thick
imbricate gravels which together with the thin discontinuous matrix-free
horizons, impart the curde horizontal stratification to the gravels. These
are 5 to 12 cms thick and 1 to 3m long.

b) Thin sandy horizons, 10 to 15 cms thick, but continuous
in direction of flow for up to 25m. Some pebbles also occur in those
sandy seams. They are commonly planar laminated internally, and horizontal

~

in total aspect.
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¢) Thin discrete sand lenses 10 to 35 cms thick and 1.5 to 4.5m long.
These are concave upwards and appear as small channel-like depression
infillings. Their internal structure varies with size. The smaller ones
are normally planar laminations or cross-stratified on a small scale, whereas
the larger ones have small scale cross-stratification or trough cross-
bedding.

d) The top 20 to 100 cms of the ourcrop has a sandy capping in

some places (see T and Y of photolog), with planar lamination, low angle-,

tabular-, and trough cross-bedding variously exposed.

SHALLOW BRAIDED STREAM FACIES: FABRICS AND. PALAEOCURRENT

The palaeocurrent data for this facies can be classified into
4 groups: the imbrication of the gravels; the cross-bedding of the channel
infill; the cross-bedding of the tabular sets; and the cross-lamination
of the sandy lenses. These are illustrated in Fig. 29. For the
imbricate gravels (5 samples, 125 readings; see table 33, Appendix C),
the directions vary from 093 to 353 degrees. The means for each sample
range from 182 to 227 degrees, and the vector mean is 196 degrees.
(see Fig. 29 -A).

The cross-bedding in the lower part of the facies, the channel
depression infill, ranges in inferred palaeocurrent direction from 188
to 266 degrees. The means of the 5 samples (21 readings see table 34,
Appendix C) range from 208 to 245 degrees, and the vector mean is 229
degrees. (see rose diagram Fig. 29 -C).

The cross-bedding of the tabular sets (3 samples, 47 readings -
see table 35, Appendix C), has inferred palaeocurrent directions ranging
from 178 to 235 degrees. The means of the samples are from 202 to 207

degrees; and the vector mean for all 47 readings is 205 degrees (see
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Fig. 29: Palaeocurrents of Shallow Braided Stream Facies.
A. Imbricate gravels
B. Cross-bedded 'bar' gravels
C. Channel-fill cross-beds

D. Cross-bedded sands
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Fig. 29 -B).

The cross lamination in the sandy lenses of this facies was
measured at 3 sampling sites (48 readings; see table 36 , Appendix C).
The palaeocurrent directions obtained range from 153 to 235 degrees. The
means of the 3 samples are 193, 200, and 203 degrees; whilst the vector
mean of all readings is 198 degrees. (see Fig. 29. D).

The imbrication, gravel foresets and sand lenses all give similar
vector mean palaeocurrent directions (196, 198, 205 degrees). The
channel infill appears to have a different direction (229 degrees), probably

due to the inherited form of the channel.

SHALLOW BRAIDED STREAM FACIES: GRAIN SIZE

The 20 grain size samples and analyses have been divided into
the classes outlined above in the palaeocurrent section. Fig. 30 shows
cumulative curves and histograms for the grain size distribution of sémples
selected from each group (see tables 10 to 13 , AppendixB, for data).

The imbricate gravels are bimodally distributed with a gravel
mode at -3.0 to -4.0 phi, and a sand mode at 1.0 to 1.5 phi (coarse to
medium sand). The means of the 3 samples range from -1.43 to -2.30 phi,
and the mean of the 10 largest particles is -5.25 in all three cases
(cobbles of Wentworth ('1922) scale; see Fig. 11). Standard deviation
values of 2.42 to 2,52 denote very poor sorting. These are illustrated
by histogram A of Fig. 30.

The tabular cross-bedded gravels (Fig. 30 -B) have a mean grain size
ranging from -3.32 to 0.01 phi. The mean of the largest 10 particles
varies from -4.0 to -4.75 phi. The gravel modes occur variously at

-4.0, -3.5, -2.5 and -2.0 phi, while further modes occur at -1.0, -0.5
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0.5, 1.5 and 2.5 phi, the most common sand mode being at 0.5 (coarse sand).
Standard deviation values range from 0.98 to 1.55, and indicate moderate
to poor sorting.

The trough cross-bedded deposits of the channel infill (Fig. 30 -C),
the lower part of the facies, have a mean grain size between -1.46 and 0.97
phi (very coarse sand/granule gravel boundary). The mean of the 10
largest particles has values from -0.5 to -6.0 (pebbles and cobbles of
Wentworth (1935) scale), the largest occurring at the bottom of the sub-
unit. There are minor modes in the pebble range but major sand modes
occur from very coarse sand to medium sand. Standard .deviation values
of 1.27 to 1.79 indicate poor sorting.

The sand samples of this facies (Fig. 30-D) have mean grain
size values from -0.62 to 2.13 phi (i.e. from very coarse sand to
fine sand). Some of the coarser samples have values for the mean of
ihe 10 largest particles of -4.25 and -4.5 phi (pebbles). Standard
deviation values of 0.78 to 1.23 indicate moderate to poor sorting.

The skewness values range considerably. The imbricate gravels
all have positive skewness and excess fine material, and the channel
infill samples are predominantly coarse skewed. The other two groups
have no dominance of either. Again the imbricated gravels have low
kurtosis values (playkurtic distributions) and high standard deviation
values which reflect a history of little effective sorting. For the
rest of the samples the distributions vary from platykurtic to very

leptokurtic, with a predominance of leptokurtic values.
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THE FACIES AT EAST PARIS: INTERPRETATION

At this stage a detailed interpretation of the facies will be made,
and it will be related to the sequence of events at East Paris. This
account will of necessity include the growth and development of the
longitudinal braid bar, so to facilitate the reading a brief summary

of the salient features will conclude the chapter.

BASAL GRAVELS

The basal gravels were described earlier as the Bar Core facies
and stratigraphic unit 1. They exhibit crude horizontal stratification
with moderately well imbricated coarse gravels and various sandy
horizons. The direcfion of palaeoflow inferred from the imbrication
data is towards the southeast (140 degrees). Bearing mind that
(i) the palaeoflow inferred fer unit 2 is predominantly southward or
south-southwestward, and that (ii) the contact between the two units is
generally erosional, it is concluded that there is no direct or intimate
relationship between them. The stratigraphic units 1, 2 and 3 need not
necessarily be part of a single fining-upwards sequence.

Consequently the basal gravels (unit 1) must be interpreted on
their own merits since their context is obscurred by the erosional
contact above. The horizontal stratification and the well-developed
imbrication both suggest that the deposits are waterlain. Their
coarse grain size and overall position in the stratigraphic sequence
suggest an ice-proximal position in the outwash system. It is
probable that these gr;vels were deposited by the initial meltwater run-
off in the form of repeated sheet floods. Certainly the crude horizontal

stratification and thick sequence of predominantly well imbricated gravels
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which are exhibited, and the absence of any large or medium scale
channelling at the exposed sections, could be explained by this
hypothesis. (Bull, 1968 and 1972).

The basal gravels exhibit none of the features, except
imbrication, held to be characteristic of shallow braided stream
deposition, such as tabular cross-bedded gravels, and trough cross-
bedded sands in frequent channel forms (Waechter, 1970; Smith, 1972, and
personal communication). It is quite possible that major channelized
flow occurred elsewhere on the outwash plain and that these gravels
represent the overbank sheet flood deposits of a deep-channel braided

systen.

EROSION OF THE BASAL GRAVELS
The interpretation of the erosional history of the basal gravels,
and of the contact between units lland 2, rests on the palaeocurrent
data derived from the two units. There are 3 sets of significant data
(see Fig. 31):
(i) The flow direction of the current depositing unit 1
was southeastward (140 degrees)
(ii) The flow directions given by Side Channel sand body at the
| downstream end of the Bar Core and the reworked Bar Core
top surface were towards the southwest quadrant (205 and
255 degrees; and 249 degrees)
(iii) The flow direction given by the Bar Front, Stoss-Side and
Bar Top éeposits of the longitudinal bar were towards the
south (177, 182 and 179 degrees).
The data are interpreted as follows. An initial period of repeated

sheet flooding developed by a southeastward flowing current produced a flat
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Fig., 31: The palaeocurrent at East Paris.

A. unit 1 deposition

. unit 1 incision
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C. unit 2 bar progradation and aggradation
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unit 3 aggradation
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surface of gravels with thin sandy patches . This flat surface was
dissected by a subsequent flow toward the south, producing remnant
topographic highs, the major channel forms and the erosional contact.
This second period of activity was erosional rather than aggradational,
therefore there was probably relatively little sediment input into the
system at this tinme. It is suggested that this imposition of a new
flow direction is the consequence of a major 'switching'" of the braided
channel system from another part of the outwash plain, an hypothesis
which would explain the different palaeocurrent directions obtained from
the unit 1 basal gravels and the deposits of unit 2.

The apparently anomalous palaeocurrent directiorms to the southwest
(see (ii) above) are interpreted as diagonal flows within the southward
flowing channel system. These deposited sand around the angled
downstream end of the bar core to initiate growth of the bar form, and
flowed over the topographic high of the bar core gravels reworking the
top surface. This type of diagonal flow is well documented in the
literature (Hjulstrom, 1952; and Krigstrom, 1962), and there is no
need to invoke a separate and intermediate period of flow towards the
southwest to account for these local palaeocurrents.

This interpretation suggests that the channels in the new system
were first transporting only sand and were partially sand plugged, and

that the newly formed bar cores began to grow downstream by sand addition.

BAR FRONT GROWTH
For the major part of the bar front growth the channel system
was capable of transporting gravel,but of preserving it only on the bar

forms. The Bar Front growth is in the form of large scale coarse gravel
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cross strata, periodically interrupted by lower angle planes termed
reactivation surfaces, which have associated sands in dune forms on
them. This series of sedimentary structures is interpreted in terms

of flow stage fluctuations (see Fig. 32). The cross beds are the
product of high flow conditions, the reactivation surfaces are the
product of low stage conditions, and the upstream moving dune sands are
the product of the rising flow stage. The low stage activity had to be
of sufficient intensity and duration to round off these large scale
cross-strata, and then to sweep sands onto the resultant reactivation
surfaces at the rising stage. The Bar Top was exposed for a period
equal to the time taken to produce each reactivation surface, that is the
low flow stage.

The fact that some of the groups of foresets (a group comprises
the foresets between two successive reactivation surfaces) can be traced
upstream into Bar Top deposits, means that some vertical aggradation must
have taken place during bar front progradation. Conversely, the fact
that most of the groups of cross-strata do not pass upstream into Bar
Top deposits, means that most of the time any gravel was moved right

across the bar top and over the bar front.

STOSS-SIDE ADDITION

The stoss side facies has been shown to consist of a series of
coarsening-upwards units. These have tabular cross-bedded sets of sands
and granule gravels at the base, becoming more pebbly upwards, and passing
into imbricated coarse gravels, which are topped off by a cobble lag.
These parts can be 2.5 m and 1.5 m respectively at maximum, but in successive

coarsening upwards sequences either can be very thin or non-existent.
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Fig. 32 Flow stage fluctuations after their effects on the Bar Front Facies
A High Stage B Low Stage
C Rising Stage D Subsequent iigh Stage
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The parts of these coarsening upw;rds units are also related to stage
changes in the interpretation placed on them. The sandy tabular
cross bedding represents low flow stage, the increasing pebble content
represents the rising stage, and the coarse imbricate gravel bed
represents the high flow stage. The cobble lag when present is the
product of the falling stage.

However, it is doubtful that one coarsening-upwards sequence is
related to a single cycle of fluctuation in the stages of flow. Indeed,
because of their thickness, and the smaller number of these stage
change sequences than at the Bar Front, it is suggested that they may
reflect either (i) isolated and unusual events at the ice front as opposed
to seasonal events for the bar front reactivation, or (ii) incomplete
records of several periods of stoss-side aggradation in any one
coarsening upwards sequence. The first of these alternatives implies
a very rapid aggradation, while the second implies intermittent aggradation
alternating with through-flow and/or removal of sediment from the stoss

side.

SEDIMENT TRANSPORT THROUGH THE SYSTEM

As has already been noted the paleocurrents of both the Bar Front and
Stoss side facies agree closely (177 and 182 degrees respectively), and
neither can be considered withéﬁt reference to the Bar Top facies (palaeo-
current 179 degrees). It is difficult to deduce the relationships between
the three parts, but it can be reasonably concluded that they are not
completely synchronous. For example, the initial, large progradational
phase of the bar front cross strata (see Fig. 18) cannot be related to

a similar large aggradational deposit at the stoss-side, or on the bar top.
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Indeed it is impossible to equate the whole bar front sequence with
‘comparable deposits of the other facies.

The interpretation placed on these various parts in such that the
cross-strata and reactivation surfaces at the Bar Front probably represent
a more or less complete sequence of the progradational events, but that
stoss-side and bar top deposits are an incomplete record of their
respective aggradation. In the case of the stoss-side the deposits may
_ even represent isolated and abnormal events at the ice front, such as
jokulhlaupsor glacier bursts (Rist, 1955). This is unlikely, however,
since such events would affect the whole of the sandur .plain and would
not just be reflected in any one facies.

In any event it seems likely that the gravel supplied to the
bar front must have come from the stoss-side, passing through the bar top,
into the avalanche face cross strata, and there stored before removal of
séme of it to supply the next bar downstream.

In channels adjacent to the bar core, bar front, stoss-side, and
bar top facies there was more or less continuous movement of sand through
the system. These sediments represent the bed load of the channels in
the form of large dunes with scalloped fronts, preceded by eliipsoidal scours
(the trough cross-bedding ; Harms and Fahnestock, 1965; McGowan and Garner,
1970), and channel side ripples (the ripple drift cross-lamination) oblique
to the main current (182 degrees). A feature of considerable importance
in these channels is the interfingering of the gravel units of the bar form,
especially the stoss-side (location (3), Fig. 8 ; and F of photolog).

Here a wedge of gravel extends from the adjacent bar form and pinches out
on the flank of the channel. The lack of any gravel in the base of the

channel system except on the gently sloping flanks (less than 10 degrees)
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of the channels is important for the interpretation. Two possible
situations could have existed:

1) The gravel formed a continuous lag right across the channel
at periods of flow when the stream was not competent to
move it. Subsequently the gravel was flushed out of the
channel bed at periods of flow of higher competence. If
this were so, channel gravel lags would be preserved in
the deposits, and such is not the case.

2) The gravel moved through the system exclusively as bar-forming
material, passing across intermediate Ie;els in the channel from
bar form to bar form, and never in the main channels. This
would appear to be the case, but the hydrodynamic conditions
for this situation are difficult to envisage.

Similar situations to the latter ((2) above) have been reported
in the literature. Leopold and Wolman (1957, p. 47) state that " the
band of principal bed load transport lies on top of the submerged central
bar. The grain movement in the deeper parts of the channel adjacent was
negligible in the early stage of island development. The central bar
continued to build closer to the water surface yet the principal zone
of movement remained for a time along the top of the building bar"

It seems likely that gravel movement occurred only dat high stages
of flow when the bar form w;s covered. The coarse gravels therefore
moved in shallow flow across the bar top where the imbricate gravels with
their associated thin sand bodies, are interpreted as thin sheets of
gravel bedload material with shallow depressions anastomosing across
the surface. The facies is thought to be so thin vertically as to

preclude the formation of cross-strata in the gravels. The flanks of
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. the bars were not steep enough forlgravity rolling to be sufficiently
active, so that the gravels never rolled or moved completely into the
channels and the interdigitations of gravel and sand were produced.

At this point it is instructive to make a comparison with the
Dojek River, in the Yukon (Williams and Rust, 1969). The four levels
of channel and bar-island forms reported by Williams and Rust, attest
to the rivers' degradational history, and the existence of the gravel
bars as erosional remnants. This is to be contrasted with outwash
.at East Paris where, after the initial downcutting of the post unit 1
period, the bars were active during channel sand movement, as is shown
by the interfingering relationships.

Another problem in the reconstruction of the outwash conditions
and the movement of sediment, is that of the movement of gravel from one
bar form to the next. Can cobbles get from one bar front avalanche face
to another bar via a deeper part of the channel system at high flow,
or do they have to wait and be transported at falling or low stage?
~ The nature of the bar front foresets suggests that the material is buried
rapidly and that little or no wholesale movement of gravel takes place in
the channel at high flow stage. However the suggestion of Leopold, Wolman
and Mille; (1964, p. 285) that '"when mixed with smaller material larger
grains may be moved under flow conditions incapable of transporting them

when concentrated with grains of a similar size'", means that individual

3

large particles could move in the channel system.
Hence it is possible that the gravel moves from bar to bar mixed

with finer material, not in the deepest parts of the system, but from bar

front to succeeding bar stoss-side via an area of intermediate depth.

The intensity of the low stage activity in the model has to be sufficient
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to reduce the avalanche face to a lower angle reactivation surface,
~and it is probable that this intensity of activity is also capable

of moving gravel in the system between the bars. Further it is likely
that sand and gravel moves together at this time in the form of stoss-
side dunes, and then at high stage the sand is winnowed out and swept
onward while the gravel remains as imbricate bed load on the stoss-side

and bar top.

" SIDE CHANNEL INFILLING

The deposition .of unit 2 must have ended with a waning of flow
depositing only sand, because the final deposit of the ;ajor side
channel is the top most part of an overall fining upwards sequence in the
channel. It seems probable that the gravel supply or movement temporarily
ceased for this period, beginning again with the deposition of stratigraphic
unit 3. Initially the reoccurrencé of the gravel as bed load material
in the system served to infill the remnant topography of unit 2 as the
flow was probably confined to the channel forms. This was described earlier
as the lower part of the shallow braided stream facies. The infilling
of the stream topography left the sandur plain area again as a flat

surface on which the shallow braided facies developed.

SHALLOW BRAIDED STREAM

The facies derives its name from the upper part, the major portion,
which completes the exposed products of sedimentation at the East Paris Pit.
There are several sedimentary structures which lead to the interpretation
of unit 3 as the product of a shallow braided stream environment.

(i) sets of tabular cross bedded gravels 25 to 40 cms thick, which

.are thought to represent the bar progradation.
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(ii) imbricate gravels, often located immediately above the
bars and interpreted as the bar top supply to the avalanche face of
(i) above. v

(iii) adjacent sandy channel like forms, up to 1.5m deep, with
trough-cross bedding and other structures similar to those of the smaller
channels in unit 2.

The question of the origin and development of braid bars of this
scale is not satisfactorily answered. Nowhere in these deposits was
" there observed a ''bar core' comparable to that of unit 2 bars, from which
the small (25 to 40 cm) bars could have prograded. It seems likely that
several phenomena are capable of inducing braid bar growth. In one
instance a small bar formed downstream of a large boulder 52 cm in
diameter. In another case in similar facies in a pit near Galt, the
tabular cross-bedding and imbricate- gravel supply was seen to develop
downstream of what was interpreted as a frozen mass of boulders, sand and
silt (possibly a till block), 2m across. Illowever, these are the
exception rather than the rule, and little conclusive evidence for any
are mechanism of shallow braid bar initiation was found.

The whole outwash period represented here apparently ended with a
further period of waning currents and the deposition of sandy material

as the last phase of sedimentation.

SUMMARY OF THE LONGITUDINAL BRAID BAR '™MODEL'

(1) The bars are developed from topographic highs produced by the
erosion of a flat outwash plain surface.
(2) Initial growth of the bar forms on these ''cores' (the topographic

highs) is in the form of sand addition at the downstream end.
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(3) Major bar growth occurs at both the upstream and downstream
ends and on top of the bar form over the whole period,
but the addition of material to these parts is not
synchronised. The Bar Front cross-strata, reactivation
surfaces and associated sands are a more or less complete
record of progradation and stage changes, whereas the other
two facies display a somewhat incomplete record of all the
events.

(4) Gravel movement in the system occurs over the bar surface
from the stoss-side, through the bar top to the bar front,
while sand moves in the channels. A satisfactory hydrodynamic
explanation for this situation has not been established.

(5) Gravel movement between bars is in the form of mixed sand
and gravel dunes of the stoss-side facies.

(6) Side channel sediment transport is in the form of sand dunes
with scalloped fronts proceded by ellipsoidal scours, and

channel-edge ripples oblique to the main channel direction.



CHAPTER SEVEN

THE FACIES AT WEST PARIS



CHAPTER SEVEN
THE FACIES AT WEST PARIS

The West Paris Pit was studied with the data and interpretation
of East Paris in mind, as a test for the model proposed. Major differences
were observed between the two pits, particularly the sandier nature of the
West Paris system, and a divergence of the palaeocurrents both in direction
and variability. However, underlying similarities were noticed especially
with reference to the geometry and downstream growth of bars. A complete
comparison of the two systems will be given in chapter eight as a
concluding synthesis.

The facies defined at West Paris are:-

The Bar Front-facies

The lateral accretion facies, and

The Side Channel facies.

All of these are part of the equivalent of stratigraphic unit 2
at East Paris. As has already been noted, there is an underlying basal
gravel on top of a clay till, and these may be the equivalents of unit

1 and the underlying till at East Paris.

THE BAR FRONT FACIES: OCCURRENCE

The exposures of this facies occur from the mid-point of the
embayment between locations 5/5'and 6/6'(see pit map; Fig. 33),
northeastwards to beyond location4’. This facies was only exposed north
of location 4 on the face first examined in 1970. From the mid-points

: . b, . . s
of the successive embayments to locations 5 and 5 the facies is seen in
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longitudinal section slightly oblique to the inferred overall palaeocurrent
direction of west-southwest. From location Slto 4/the face gives a
transverse view of the facies, though not exactly perpendicular to the

flow direction. These two types of faces enable a three-dimensional
reconstruction of the facies.

Laterally adjacent, to the southwest (from (6) and (6) to beyond (7)),
the side channel facies was exposed. The passage into this facies is via
a narrow transition sub-facies (see lateral accretion facies below).

In the upstream direction the lateral accretion facies was exposed in the
wall from locations (2) to (3), but nowhere was the junction between these
two facies seen.

The bar front facies is 4 to 5m thick, and underlain by a coarse
gravel deposit which has thin sandy lenses. The underlying gravel goes
down below pit base level for an indeterminate depth; though probably not
more than a few metres because Hewitt and Karrow, 1967 report that a 'clay
till' lies below the gravel and produces a water table which is at pit base

level. The clay till was not exposed at West Paris,

BAR FRONT FACIES: SEDIMENTARY STRUCTURES
The facies has four constituent parts:-
i) Thick units of imbricate course gravels,
ii) Large-scale cross bedded, coarse gravels,
iii) Cross-bedded, coarse gravels as minor bars,and
iv) Downstream-dipping sand beds, here termed 'sand drapes’.
These subdivisions of this facies can be seen in the line-drawing of the
facies, Fig. 34.
i) The imbricated gravel units range from 30 cm to 150 cm in

thickness and are upto 35m long. Two of these can be seen directly above
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P and above the sand lens at Q on the photolog. The gravel units are
only poorly imbricated for the most part, although isolated patches
have well-developed imbrication. In both the examples cited the
imbricate unit is horizontal and near the top of the facies at its upstream
enél passing downstream and down slope over a subjacent sand drape. In
one case the unit develops into large scale cross-bedding downstream, while in
the other the imbrication persists down to the toe of the sand drape
. (left of P), where both the gravel and the sand approach the horizontal
again.

This latter imbricate unit was measured at 3 sampling sites.
(see table 37, Appendix C). The angle of dip of the pebbles and cobbles,
with reference to the horizontal, ranged from 5 to 44 degrees, from 6 to
39 degrees, and from 10 to 43 degrees. The mean dips were 22, 24 and 22
degrees respectively, and are comparable to those measured at East Paris.
" The samples have a closer agreement of dip angles when the angle of dip
of the base of the unit is taken into account. The imbricate bed from
which the measurements were taken has an inclination of 5-6 degrees at
its steepest, levelling out upwards to the horizontal uppermost portion.
Where the dip is 5-6 degrees the imbrication mean angle (with reference
to the horizontal) is 22 degrees. When the substrate dips at 2-3 degrees
the imbrication mean angle is 24 degrees, and on the horizontal part the
imbrication mean angle is 27 degrees. Allowing for the dip of the
substrate, and rotating around to the horizontal, all 3 samples have mean
angles of imbrication relative to the base of the bed at 26-28 degrees.

The contact with the other parts of the facies are variable. Already
noted is the downstream gradation of one imbricate unit into large-scale

cross-bedding. The contact with the underlying sand drapes is commonly
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sharp and erosional. In one case (see P of photolog), the contact is
knife edge sharp. Pebbles and cobbles of the gravel bed rest directly
on a sand bed which has parallel lamination and very little disturbance
of the contact is to be seen. One or two of the larger gravel particles
(apﬁroximately 8-15 cm in diameter) project slightly below what is
otherwise a perfectly straight contact with no intermixing of the two
deposits. On close examination the parallel lamination of the sands was
_seen to be slightly disturbed in places but the contact was preserved
These disturbances took the form of tiny (less than 2 cm) flame structures
on the flanks of the downward projecting cobbles.

The imbricate gravels can be succeeded immediately by another
sand drape, in which case the contact can be either sharp or gradational,
or by the large-scale cross-bedded gravels, in which case the éontact is
invariably gradational.

| ii) The large-scale cross-bedded, coarse gravels occur in units up

to 2m thick, and persist downstream for up to 25m. Two examples of this
structure can be seen at N and O on the photolog, and the structure also
occurs north eastwards of location 4 (see Fig. 33). The cross-bedding is
recognisable by two features; firstly a grain size segregation of the
foresets whereby open work gravels alternate with relatively pebble-and
cobble free laminations; and, secondly, the orientation of the discoid
pebbles dipping downstream in the plane of the foreset slope of a heterogeneous
gravel. Examples are shown adjacent to N on the photolog.

The foresets are concave upwards, being truncated at the top and
asymptotic at the toe, in the case of the grain-size-segregation cross-beds;
but are generally more planar where they are ccmposed of heterogeneous gravel.

The foresets were measured at Six . sampling sites, (165 readings
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see table 38 , Appendix C), the total range of dip angles was 3 to 48
degrees, and the mean angle of dip of the samples ranged from 21 to
28 degrees.

The foresets commonly overlie and pass upstream into one of the
imbricate coarse-gravel beds, both contacts being gradational. Where
the foresets are underlain by a sand drape the contact is usually quite
sharp and erosional. Vertically the foresets may be succeeded by either
a sand drape which is usually dipping downstream, or by an imbricate gravel
which may be either horizontal or dipping downstream. In both cases
the contact is usually erosional but not always sharp because there is some
reworking of the tops of the foresets.

iii) Cross bedded coarse gravels also occur as minor topographic
highs on the advancing bar front. Two examples can be seen at R and S
on the photolog. Both types of cross-bedding referred to earlier
are exhibited, but the size-segregated foresets are more common. These
structures appear as small (140 cm high at maximum) domed structure resting
on a sand drape. The foresets dip outwards from the centre in both cases
at angles ranging from 7 to 44 degrees, with means of 24 degrees. The
direction of advance of the bars was found by bisecting the bimodal
distribution obtained from measuring each flank of the structures (see
Fig. 38 C and D) giving palaeocurrent directions of 196 degrees and 317
degrees. The shape of these topographic highs can only be guessed at,
but it seems likely that they are lobate.

Both examples rest on a sand drape with a knife edge sharp contact
between the units. Both are succeeded by a sand drape, but this has been
eroded in places by an imbricate gravel unit which now rests on the minor

bars.
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iv) The sand drapes or their eroded remnants occur more or less
regularly throughout the exposures of the bar front facies. At least
7 occur from location 5, through location 5, to the midpoint of the
embayment (see Fig. 34). The upstream end of each longitudinally exposed
saﬁa drape is almost always truncated by the succeeding gravel unit,
whether it is cross-bedded or imbricated. The latter is more commonly
associated with this erosion. The downstream end of each sand drape
is invariably asymptotic.

These sand bodies range from few centimetres in thickness where they
have been severely eroded by the succeeding gravel unit, to 150 cm in
thickness where the minor topographic highs have afforded some protection.
(see S on photolog). A whole range of sedimentary structures indicative of
varying flow regimes and sediment supply conditions occur within the sand
bodies. These are:-

Planar laminated sands, with and without pebbles;

small-scale ripple cross-laminated sands and silts;

ripple-drift cross-laminated sands and silts;

medium scale cross-laminated sands;

trough cross-laminated sands and grangle gravels;

wavy laminated sandy silts; and

thin single-layer pebble horizons.

These structures and features will be described in the context of the
sand drapes in which they occur.

Three sand drapes will be detailed here and in later sections:

a. A horizontal sand layer (see Q on photolog);

b. A sand drape in traverse section (see V and several metres

below X on photolog), and
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c. A longitudinal section through a downstream dipping sand drape
(see below R and S on photolog),

a) This gandy layer has a maximum thickness of 35 cm and a total
exposed length of 35m along the pit face, though it is not continuous for
th;; distance. It consists of two parts, a lower section of ripple drift
cross laminated sands and an upper part of medium scale cross-bedded
sands with pebbles, separated by a thin pebble and cobble layer. The
. contact of this sand layer variously with the large scale cross-bedded
gravel and the imbricate gravel below is fairly sharp, with a few
centimetres of sand infiltration into the gravel, filling in the void
spaces and sealing off the gravel against further sand infiltration.

The ripple drifted portion of the sand layer is upto 15 cm thick and is
composed of type A ripple drift, of Jopling and Walker (1968), in fine
sgnd (sample WP 2/9-2). The angle  of climb varied only slightly and
Qas estimated to be 8-10 degrees. The medium scale cross-bedded part
is up to 20 cms thick, and composed of medium sand, with granules and
small pebbles occurring on the foreset slopes. The foresets themselves
are low angle and asymptotic. The unconsolidated nature of the deposit
made measurement difficult, but the angle of dip of the foresets slopes
was estimated to be between 10 and 20 degrees.

b) The sand drape seen in transverse section has two types of
sedimentary structures. Firstly, the lower part is composed of trough
cross-bedded sands with occasional granules, and is from 30 to 90 cms in
thickness. This passes gradationally into various types of ripple-drift
cross-lamination in fine sands and silts, varying from 30 to 60 cm in
thickness. Fig. 35 shows a vertical measured section through this sand

drape. The trough cross-bedded lower part thins in a southerly direction
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Fig 35 Measured section through sand drape (b)
(Sample numbers refer to Fig. 37 (b) )
(Ripple drift cross lamination types after Jopling and Walker, 1968)
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and is eroded away completely by a.succeeding sand body in oné place. The
ripple drifted upper portion dips gently to the south testifying to a
slightly oblique trahsverse section, and is finally truncated by the gravel
initiation of the same succeeding sand body.

~ c. This sand drape was the thickest observed reaching 150 cms
at one position, and extending along the pit face far over 30m. Two
parts were again noticed.‘ The lower part (see Fig. 36) was coarser grained
and consisted of a thick unit (upto 60 cms) of trough cross-bedded coarse
to medium sands passing into small scale trough cross-bedding, and finally
into a unit of wavy lamination and/or sinusoidal rippling. Thus the
whole of the lower part fined upwards. The upper portion began with an
erosional contact overlain by small scale trough cross-bedded sands.
Ripple drift cross-lamination followed, which climbed both upstream and
downstream, and passed upwards into small scale trough cross bedding again.
. The sequence was finished by wavy to planar laminated sands and silts, again
an overall fining upwards.

Not all of the sand drapes were composite in nature as the 3
described. One of two of the thinner ones (less than 20 cms), were
comprised totally of planar lamination, usually with pebbles associated with
the laminae. However, a more complex composition was the general rule.

An important feature seen in the face from (5) to (49 is the
channel-like form at X on the photolog. Features such as these were
commonly observed, and were normally 4 to 9m wide and up to 1lm deep.

The structures exhibited in these sands were planar lamination, rippling,
and mediun scale cross-bedding. The planar lamination was the most
abundant. The significance of these sand bodies is discussed at the end

of the chapter.
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BAR FRONT FACIES: PALAEOCURRENTS

Palaeocurrent data is available from 4 types of features; the cross-
beddéd gravels, the ﬁinor bars, the imbricate gravels and the sand drapes.
Fig. 37 shows rose diagrams or stereoplots for the first 3 of these.

It is immediately obvious that the palaeocurrents are more variable here
than in the East Paris Pit. The overall direction of advance, indicated
by the foresets, is westwards; the minor bars pass obliquely across the
bar front face north westwards and south-southwestwards; and the imbricate
gravel supply gives a southwesterly direction, surprisingly diverging from
the foresets.

The data for the cross-beds was obtained from 6 sampling sites
(165 readings: see table 38 , Appendix C), 4 taken in one cross-bedded
unit and 2 in another. There was a total range of directions from
170 to 084 degrees. The mean directions ranged from 246 to 320 degrees,
and the grand vector mean was 274 degrees.

The imbricate gravels were sampled at 3 sites (85 readings; see
table 37, Appendix C), all in the one bed above P on the photolog. The
total range of inferred palaeoflow directions was 122 to 349 degrees, but
the means of the samples occurred at 242, 242, and 206 degrees.

Both minor bars were sampled, with 28 readings taken on each
(see table 37 , Appendix C). The ranges were 208 to 087 degrees, and
103 to 279 degrees, with vector means of 317 and 196 degrees respectively.
The bimodality displayed by the rose diagram is probably a function of
the sampling procedure whereby the apparent cross-strata on the flanks
of the structure were measured, but the central area was omitted.

The palaeocurrent data for the sand drapes are given in tables40, 41

and 42 (Appendix C), and are illustrated in Fig. 38. For sand drape (a)
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S5 sampling sites were selected and a total of 62 readings taken. Fig. 38
A shows the resulting rose diagram. The modal class marked (i)
represents the readings taken in the ripple drift cross-lamination in
the lower half of the drape, and (ii) represents the readings taken from
the medium scale cross-bedding in the upper half of the drape. Fig 38
B shows the plot of 60 readings taken at 7 sampling sites in
sand drape (B). The mode at (i) represents the predominant ripple drift
~ cross lamination palaeocurrent direction, and the mode marked (ii)
represents the thin layer of small scale trough cross lamination (see
40 cm mark on Fig. 35.). Fig. 40 C shows the plotted data for sand drape
C. Four modes are visible. At (i) the mode represents the reattachment
part of the current over the crest of the bar, producing ripple drift
cross-lamination (approx 70 cms, left hand side of Fig. 36). Mode (ii)
represents the counter current eddy also producing ripple drift cross-
lémination (approx. 70 cms; right hand side Fig. 36). Mode (iii)
represents the major transverse current parallel to the bar front found
by measuring ripple cross-lamination, and mode (iv) its complementary minor
transverse current. |

Fig. 38 D is a rose diagram showing the total 225 readings plotting
together. The same four modes evident in Fig. 38 C, are still apparent,
but the dominance of the major transverse current, and the over-bar flow is

clearly demonstrated.

BAR FRONT FACIES: GRAIN SIZE DATA
Tables 14 - 18(Appendix C) contain the grain size data for the foreset
groups; imbricate gravels and the sand drapes. Fig. 39 displays cumulative

curves of some representative samples. Both the cross-bedded gravels
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(Fig. 39 A), have a mean grain size of -3.0 phi énd a standard deviation
value of 2.1 indicative of poor sorting. Modes occur at -4.0, -2.0

and 0.0 to 0.5 phi in the two samples. The mean of the largest grains
is -6.25 and -6.75 phi.  Skewness values are 0.49 and 0.52, indicating
aghasymmetry towards the fine end of the distribution.

The imbricated gravels (Fig. 39 A), have mean grain sizes of -1.96
and -2.19 phi, and standard deviation values of 2.2 and 2.1. Again the
high values of standard deviation indicate very poor sorting. Modes occur
at -4.0, -2.5 and 0.5, and at -4.0, -2.5 and 0.5 in the two samples.
Skewness values of 0.11 and 0.16 indicate near symmetry in the distributions.

Samples from the individual sand drapes detailed above are shown
separately in Fig. 39 A, B and C. In total the sediments of these sand
bodies range in mean grain size from -0.3 (very coarse sand) to 3.59 phi
(very fine sand) and also into the silt size range. Standard deviation
values fall in the range from 0.48 to 1.91, with a predominance of values
in Folk's 'moderately well sorted" and 'moderately sorted' classes.
Skewness values range from -.39 to 0.52, most falling in the '"'mnear-
symmetrical' class. Kurtosis values fall in the mesokurtic and
leptokurtic classes predominantly.

The mean of the ten largest grains can be as high as -5.0 phi where

pebbles occur in the deposit, but can be 2.25 phi in fine, well-sorted sands.

LATERAL ACCRETION FACIES: OCCURRENCE

This has been designated a separate facies because of its distinctive
characteristics. There are long low-angle surfaces in the direction of
the main stream (approximately west-northwestward), which are marked by

thin sandy horizons or a change in the type of sedimentary structure within
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the gravels. This is a distinctive facies and, whilst not occurring
at East Paris, it has been noted elsewhere in the overall outwash
system (Flintkote Co. of Canada Pit No. 27 , Appendix A).

The lateral accretion facies at West Paris comprised almost
aIi of the exposed pit face in 1970 (from (1), through (2) to (3);
Fig. 34); and almost the whole of the face from (2) to (7) in 1971.
Near location (7) the facies passes laterally into the side channel
facies via a transition sub-facies. Despite the fact that the bar
front facies was exposed north of location (4), nowhere was the junction
between the lateral accretion facies and the bar front facies seen.
A pit road had been constructed at this point in 1971, and by the 1972
field season any trace of a contact has been removed completely.

The lateral accretion facies is approximately 6m thick, and
apparently underlain by the same coarse gravels and clay till that was

associated with the bar front facies.

LATERAL ACCRETION FACIES: STRATIFICATION AND SEDIMENTARY STRUCTURES

The first strip of the West Paris pit photolog gives a good
indication of this facies. The apparent dip of the long low angle
features was 5 to 7 degrees, and they are asymptotic at the base, at the
same hight above pit base level as the sand drapes of the bar front facies.
However, there is much less sand in this facies than in the bar front facies,
an& the heterogeneous nature of the gravels gives an altogether less
organised appearance.

The gravels exhibit 2 types of structures or fabrics. There are
poorly-to moderately-imbricated beds and poorly-to moderately-cross stratified

beds. The sands exhibit planar lamination and medium-scale cross bedding.
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The fabric of the imbricated gravels (see F on photolog), was . sampled
at 7 sites, and theAz samples with a moderately imbricated fabric were
found to differ in inferred palaeocurrent direction from the other 5
samples which were only poorly imbricated (see below). The angle of
d;p did not differ noticeably, however, the means of all 7 samples
falling in the range 18 to 24 degrees. The total range for all 185
readings was 3 to 55 degrees.

The cross-bedded gravels, were measured at 2 sites (50 readings;
see table 45 , Appendix C). The mean angle of dip of the foresets was
25 and 21 degrees, with ranges of 8 to 46 and 5 to 29 respectively. These
foresets ranged from well-developed structures with a small amount of grain
size segregation on the foreset slopes, to poorly developed structures in
a heterogeneous gravel indicated only by the orientation of the discoid
pebbles and cobbles. The various states of the development of the cross
bedding are shown by location C, D and E on the photolog. Cross-bedding
also occurs in the transition sub-facies which marks the passage into the
side-channel facies. Here the range of dips (for 25 readings) is only
9-31 degrees, with a mean dip angie of the foresets of 19 degrees.

The sands in the lateral accretion facies are either parallel and
planar laminated, or medium scale cross-bedded. The foresets had a
range of dip angles from 21 to 32 degrees, and a mean of 27 degrees,

" (15 readings; see sample DW 27, table 47 , Appendix C). Pebble clusters
on the planar laminations also occurred. (see side-channel facies East

Paris, above; and side channel facies West Paris, below).

LATERAL ACCRETIGN FACIES: FABRICS AND PALAEOCURRENTS

Palaeocurrent data is available from 4 of the sedimentary structures
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described: the imbrication, the large scale cross-stratification; the
medium-scale cross-stratification and the transition sub-facies cross-
strata. Fig. 40 AAand B shows the imbrication. As previously
mentioned there are two separate palaeocurrent directions indicated by
this fabric and they have been plotted separately in the figure.

They are plotted separately because they come from different parts of
the pit face between (2) and (7), and because they produce a definite
bimodality when plotted together. The two modes of the distributions
can be seen better when plotted separately. Fig. 40-A represents 5
samples (135 readings) with vector mean directions of 180, 130, 185,
188 and 209; and Fig. 40-B shows 2 samples (50 réadings) with vector
mean directions of 247 and 248. Those samples with a south-southwest
palaeocurrent direction were located in the bottom 2m of the face and
from location 2 to mid-way along the southern face (see Fig. 33). The
other two samples are from the top half and the western end of the

same face. The significance of the two palaeoflow directions is discussed
at the end of the chapter.

The largelscale cross-stratification in the gravels was measured at
two sites (50 readings; see table 45, Appendix C), and the data are
plotted in Fig. 41-A. A wide spread of the data and directions is
clearly indicated with two modes at approximately 265 to 280 and 325 to
340 degrees. The vector mean and in<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>