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Abstract

In 1983, a study was 1n1£15ted of fluvial processes in the
Mackenzie Delta. Between spring break-up and automn Tow-flows,
reconnaissance obserVations of channel conditions and processes were
carried out mainly in the eastern-middle Delta, along Napoiak Channe] to
Shallow Bay and along East Channel and beyond to Point Separation..
Preliminary conclusions on channel morphology, channel shifting and
sediment transport are presented, based on reconnaissance and previously
published data. Further research avenues are also discubsed.

Characteristics of delta channel morphology confirmed by the '
author's bathymetric surveys include widespread "inner channels" as well

" as chaotic "hole and mound" zones on channel beds. Analysis of published"

cross-sectional data.also suggests that channel depths .increase
particularly sTowly with increasing widths in the Mackenzie Delta.
Extensive 30-year alr photo comparisons disclose rapid shifting along
Middle Channe]. which contrasts with subdued shifting along most other
Delta channe]s The study of these‘sh1ft1ng patterns as well as
observations of erosion processes during and after breakup suggest that »
flow strength may exert the main control on channel shifting, while
hydrothermal and ice-run.erosion appear to pTay minor roles. Exploratory
bed material sampling supports a model of summer-long sand evacuation |
from distributary channe] beds, with the morpho]ogy of d15tr1botary

" junctions playing a major role in controlling the sand supply. Avenues

for further research include the genesis of "channel within channel"
cross-sections, the controls on distributary abandonment, as we11 as
further testing of the conc]usions on channel shifting and sediment

transport. o '
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Patterns and .Processes of Channel Change, Mackenzie Delta, NWT

1983-84 Progreﬁs Report

1.0 Introduction

In 1983, a study was initiated of.the fluvial processesiét work
in the channel system that covers the Madkenzie Delta plain. Of:
particular relevance to this study are the interre]éted issues of channel
form as well as lateral and vertical stabiTity, sediment tranSpOrf o
patterns and creation or abandonment of channel reaches. The aim of this
progress report fs_tsAc1ar1fy, in the Tight of previous‘know1edge, some
background‘questions related to these issues, és.well as discuss
preliminary results obtained during reconhaissance'surveys in the first
fié]d season. Furfﬁér resear;h avenues and methods will also be |

discussed.

Insights 1ﬁ£o-Mackenzie Delta fluvial pfoceésés afe 6f direct
relevance to a range of development and manégemeﬁf activities in the
area. For example, a1though~channe1‘m1grat10n'inlthe de]ta 1s_re1af1veTy_
subdued overall (Mackay 3963,.and this report),.the need for ﬁhore"
revetment works at Ak1av1k,Aand for ffequentVré1ocat1bn,of nayigation
range§ on certain rap1d]y shifting channel reaches, must nonetheless be
kept in mind. In the Mackenzie Delta, Toca1‘r§£es of cut bank shift1ﬁg
~ will be seen to rangeifrom negligible to 30 m pér year»(as averages over
‘recent decades); clearly, basic information on shifting trends can

contribute greatly here to the proper location and protection of shore
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facilities. The maintenance of'safe_navigétion'routes through the
channel network may~a1sovbe alded by an understanding of the controls on
shoa1 1ocat1on'and evo1ut§dn; fn the delta apéx area, for example, shoal
activity appears to be particularly intense. Avulsions, or the
relatively sudden abandonment and ré]océtibn of channel courses, also are
typical occurﬁences'in delta environments which nay have grave
consequences for human activities. New Ofleans most probably would have
become 1and1ockéd as a result of such a process if the Mississippi Delta
had been'1eft unregulated (Cunningham, 1981). Examples bf creation and
abandonment of small channels abound on - the Mackenzie Delta, and an
understanding of condntions controlling avu1510n could be 6F long term

relevance, for examp]e,~toﬂlnuv1k‘port act1v1t1e§.

‘ Fﬁnai]y, as G111 (1971, 1972a) has émnhasized, fluvial processes
are also directly nvolved in the dynamics of the rich flora and fauma of
the delta. 'Not.nn1y do pTant habitats adjust c1o§e1y~to sed1mentat10n
zones-along channelnmarging.'but fish populétionsjmay also respond to

patterns of flow in the channel system. It appears, for example, that .

large schools of whitefish congregate in d major eddy zone near ‘Horseshoe

Bend (E.'Jessup, Freéhwater Institute, per; cbmm;);,thesg:f1sh3n111
gradually be depr1vediof'this‘pak{1cu1ar hab1téf bynvirtue:of'- 4
sedimentation and,chénnel shifting trends over the coming decadés. In
the following sections, preliminary data béaring on some of these issues
will be discussed, undér three broad headings: .éhannei-morpho10gy,

channel shifting, and sediment transport écross the delta plain.
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2.0  Channel Morphology

Some geheral morphological prdperttes cf the channel system, es
it is seen bqth in planform and in cross-section, can be briefly
dtscussed. They raise a numcer.of questiens concern1ng-f]utiat'processes
at.w0rk in the Mackenzie Delta, some of which will be discussed further
1n.com1ng'sections. Mackay (1963) has provided an interesting first
approach to:these\questions, based on data gathered from F1e1d_and.a1r

photo observations.

2.1  Channel P1énforms

‘The channel network extending over the Mackenzie Delta plain can
best be described as anastomosing. Such a systemiis character1zed by.-

branching multiple channe]s of moderate to. high sinuosity, with .

relatively stable and well vegetated 1s1ands-(Schumm,‘lQGB;‘Rust;.1978)- B

(in contrast, mu]ti-channel 1ow-51nu051ty systems with rap1d1y sh1ft1ng

islands/bars, are referred to as braided in this part1cu1ar

classification scheme). Anastomosing systems are quite typ1ca1 of de1ta‘f

settings, without be1ng restricted to these. | Progradation of'the delta
plain 1nto standing water ‘Teads to vert1ca1 aggradation in active de]ta
channels, and th1s, in turn, encourages repeated avulsions exploiting
shorter channel routes tolbase level (sea 1eve]). The re1at1ve1y~1ow |
energy. gradients that occur over delta plains may=cond1t10n‘f1ne sedimeht
deposition, and 1eed:t0 relative lateral stabt11ty'of s]ow—flcw1ng

channels that have much- cohesive material in their boundary.
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~ Within the channel network, individual channel reaches,have been
described by Mackay (1963) as generally “wéndering" in nature: -in his
opinion "true meanders" are a m1nor1ty in the Mackenzie Delta. Such a
distinction may be confusiﬁg, firstly, because the term "wandering"
geﬁera]]y denotes, in cuf}ent usage, transitional channei patterns
displaying both meander1ng and braided characteristics. In this
technical sense, the term does not apply to fypjca]"Mackenzie Delta
channels.. Secondly, the notion of a typical meander form 1s.1£5e1f 
prob]emafica]. ‘Many delta channels do fail to display the regular

sinuous trace and relatively rapid shifting that is referred to as

"ideal" meandering in textbooks: on the contrary, considerable

1rre§d]ar1ty'(1n wavelengths, amplitudes) and'Qarying degrees of
tortuosity are the rule on the delta p1a1n. Fig. 1 11lustrates the
contrast between two meandef sfy]es 1ﬁ'the Macken;fe Delta. Nonetheless,
it must be remembered.that 1rregu1af'meanders, comparab]e'to those of the
De]ta,lhave been bbsérved elsewhere; for examp]é, Mo]]ard‘(J973) seems to
asso§1éte Tow gradiént, "high-cohesive" va]]ey %ettings with similar
contorted" meanders that disp]ay'considerabje 1rregu1ar1ty; - Thus,
becausé of the great:var1ety and continuous gradations in_style of
alluvial channel traces, thére is some merit in adopting the old
convention (Leopold et. al., 1964) that c]aSs1fie§ as meandering any. free
alluvial channe]_having-a.sinuos1ty greatef thén 1.5._ According to this
definition, most Mackenzie Delta channels do meander. Moreover, Mackay
(1963) provides data which indicates that, given the usual scatter, these

channels.do show the Same regularities in ratios of wavelength and radius
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Fig.1 The style of meandering in Mackenzie Delta
channels. Notice the contrast between the
rather regular meanders of Peel Channel at
the left, and the irregular "contorted"
style of two smaller channels to the right.

Dep;.of E.M.R. photo A21583-131.Near 67" 50'N,
134 45 W.
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of curvature to channel widths, that character1ze-most.meandeféf4
Furthermore,vchannel traces typically exhibit the "delayed-inflection"
and, occasionally, the "gooseneck loop" asymmetric styles (Carson and
Lapointe, 1983) inherent to most meanders, and by which flow direction
can usually be inferred. There is thus reason to expect that many

sediment transport and channel migration patterns may be shared with

“those of meandering channels elsewhere, as théy reflect certain general

properties of flow in bends. In the next section, 1t will be seen that,
as regards channel shfftihg patterns, this view is generally

substantiated. In the last séct1oﬁ} possible reasons for the

“irregularity" of meandering on the delta will be suggested, in the Tight -

of local conditions.

2.2 ’ Channe] Crbss—sect1ons»»

Mackenzie*Dé]ta ch&nne]s a]so‘present 1nteresf1ng_
particularities in cross-sectional form. LittTe is known about the
hydraufic geometry of these chénne]s;‘i.e. the wéy channel width and
depth,ias we]i'as.s1qpe and rodghﬁeSs, etcg, mutually adjust over a range
of éhénneT sizes, to convey differeﬁt wéter and}éedﬁment,dischardés;~
Mackay (1963) ahd Hgfiingshead and Rundqu1st (1977) provided a number -of
transverse pr0f11ésf?rom which morphometric 1nforhat1dn may be
extracted.. Anderson and MacKay (1973) produced extenéjve data~on.qhanne1
widths, average depfﬁs, ve]oc1t1es~and"discﬁarges at éﬂmmer 10w.f1ow f |
stages, from which tﬁey éxtrébted powér ]aw re1at1onsh1bs:‘
Uhfortunate]y,"the latter afé-not directly c0mpafa51e.w1th published

downstreém—hydrau]1c*geometry:re1ations for othérﬁenvironments, since
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such data are as a rule collected at bankfull or some other "formative"

'discharge.‘ As a preliminary exercise, plots of width versus depth at

bankfull were nonetheless extracted from Mackay's (1963) and Anderson and .'

MacKay's (1973) data.. In'the latter case, cdmplete se§t1on-prof11es fo_
bank top were not aVa11ab1e, and so a mjnimum.of.1nformét10nkon.the
reTationshjp of low f]oQ to bankfull sections was brought to bear.’
Approximate ratios of bankfu11‘w1dths to low flow widths were obtained
from summer air.photography of the reaches whefe the sections are
10ca£ed. Average depths at bankfull (Dbf) wére approximated hy the

following formula:

107 * Wy, + Wiy

Wy Wy Wy

W

Dbf =

where W, 1s the Tow-flow channel width, W, and wé are the widths of
~ the right and Teft 'side flooded banks at bankfull, D2 is the sum of

average depth at Tow-flow and stage rise to bankfu11,'and both'D1 and

. D, are half fhis stage_r1$e. The 1at£er va]des, s{age difference

3
between summer low-flow and bankfull c0nd1t1ons, wekeiextratted from

Mackayis (1963) F1gL 57, giving heights of levees above late summer

Tow-water levels. As is generally the case, anyffTokaeTated scour and.

£111 was assumed to be localised at channe].cohs£r1ct1ons and near bend

ap1ces; without affettihg average bed elevations over channeT reaches.
Fig. 2a and 2b present Mackay's (1963)‘and'Anderson and MacKay's modified
data, respective1y.nf8ecaUSe of the added -assumptions involved in

produc1ng'the second éet of data, it was best plotted separately.
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Fig.2a Plot of average depth against bankfull width for middle

and outer delta channel sections, taken from Mackay ( 1963;.
fig. 50, 51, 52 ). '
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t

Plot of average depth against bankfull width
for some Mackenzie Delta channel sections.
Adapted from Anderson and MacKay ( 1973 ) and
Canadian Hydrographic Service charts 6529 and
6434 ,

LEGEND

0.8
DoW

e, : data adapted from section n
in Anderson and-MacKay (1973)

+ : inflection zone cross-section
on Reindeer channel

« : inflection zone cross-section
on Middle channel

sand+data extracted. from Canadian
Hydrographic Service charts.
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The results are necessar11y {entative,,espec1a11y since the
representativeness of depth data for wide channels may be affected by the

relatively small number of such sections surveyed. Middle and Reindeer

~* Channel data for open water conditions were extracted from National

Hydrograph1c Survey CHarts, again modified to flood Jevel. The data
appear to indicate that bankfu11 channel depths in the Mackenzie De]ta
increase notab1y slowly as channels of greater width and d1scharge are
considered. Furthermore, analysis shows this trend to be're1at1ve1y
insensitive to the exact regional pattern of stage difference from
lTow-flow to bankfull. As a basis fdr-tomparison,.the relationship D o

NQ'B, which follows from some commonly found hydfau11c geometry

re]ations Wa Qo -5 D a 00'4 (Richards, 1977)'was plotted on both
figures, adjusted to fit the average depth of harrow channels. As a -
corollary, it is seen that even re]ative1y sma11 channe1s have width to

depth ratios well above 10, although they genera}1y have very 1mportant

:silt—clay fractions-1n their boundary materials (see Sediment

Transport). .This cdnfrasts:with.f1nd1ngs elsewhere: Schumm (1968) for
example reported width to-depth ratios less than 5 when 511t—c1ay |

exceeded 30%, in a rangenof small and.medium size channels in semiarid to

subhumid areas of the U.S.:ahd Australia.

C1ear1y, much more field work would be necessary to verify and
complete]y document these trends, let.alone estab11sh complete hydrau]ic
geometry relations. Yet such information not on]y has important

predictive interest, -but may lead to insights into the particular set of »
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controls at work in the creation and maintenance of Mackenzie_De]fa
channels. -'In the section on sediment<transport, some hypotheses

concerning these controls will be suggested.

2.3 Bathymetry

The detaliled bathymetry of Mackenzie Delta channels also -
presents 1nterestﬁng features. For this‘preliminary'survey, many tens of
écho—sounder traces were obtained by the author in small and medium-size
channels (50 <W<400 m), usually over sets ofA2‘to 5 closely spaced
érossﬁsections. For lack -of automatic distance measuring 1n$truments,
these surveys dﬁd not incorporate accurate hofizonta] control on the
cross-sections. Nonetheless much qQa11tdt1ve information wasAdbta1ned;on
channel bathymetry. A f1r5t~notab1e featufe was the very frequent.
occurrence of underwater 1edges'separétﬁng the thalweg zone from the
steep'facét of channel banks.. Similar ]edges have also been reported by
Mackay (1963) and Hollingshead and Rundquist (1977). At Tate-summer Tow
stages, these ledges-usua11y extend under Sha1iow.water, up to a sharp
breakiof;slope markfng the transition to.theltha]weg zone. They aré'mdst
conSpicuoust deve]dped~on re]ativeiy Straight channe]-reaéhes, wheré a
distinct central 1nhér<channe1-may-oécupy.rqugh1y half thé.bankfu11'~ '
channel width. 'The 1ower MiddTé Channei in thé straight reach going up’
to the trifurcation heaf,point Tununuk offers a Strikihg éxamp1e of this,“

as do certain upstream reaches of East Channel.

Smaller but distinct 1edges are‘éjso.in evidence aTong many cut .

banks in bends. of smal]'and medium channels. Figure 3 1s a generalized
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Fig.3 Generalized sketch of bathymetry in abrupt bends of small and
' medium sized Mackenzie Delta channels .
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sketch indicating the path of the thalweg and the 1ooat1on of ledges in

numerous bends that have abrupt (tight-curvature) entrances. Overall,

the bathymetry shares the hatnvfeatures'usua11y reported in field studies

of meanders. The tha]wed hugs theuinner bank at the entrance to a bend,
then shifts in the direction of the outer bank, -where it remains until

the bend exit. Yet the narrow ledge that quite often intervenes between

~thalweg and cut bank in the downstream part of bends in Mackenzie Delta

channels is an unusual feature, which again may reflect particu1ar local

erosional or depositional processes. Another characteristic of sharp

~ bends in these channels is depicted in Fig. 3: starting at the bend

entrance, the tha]weg typica1]y hugs the inner (point bar) bank over a

considerable distance. In many cases, this feature is assooited with a

well defined erosional embayment on the steep s1ope of the point bar, at

bend entrance.

Another str1k1ng feature of channel- beds in the Mackenzie Delta _
has been noted by Mackay (1963) and Ho]]ingshead and Rundqu1st (1977)

their bathymetry is often remarkably 1rregu1ar Our surveys showed that,

quite commonly, the tha1weg trace is very tortuous,.1f not

discontinuous Part1Lu1ar1y in relatively straight reaches, repeated

soundings may show the thalweg 1nterm1ttent1y, and irregularly, on e1ther'

side of the channe1, and varying greatly in depth Th1s was"very we11_
expressed in certain reaches of Napoiak Channe] for example. In
addition, the bottom often displays mu1t1p1e and apparent]y chaotic

mounds and ho]es, both in- transverse and downstream profile. To
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Fig.4 Two Tow flow cross-sections located

15 m apart on East Channel, approx-
imately 10 km upstream from Inuvik.
( Horizontal scale is approximate. )
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111ustrate'this, Fig. 4 presents two transverse sections spaced 5w

apart in a 150 m wide reach of'East_ChanneT, 10 km up;tream'from Inuvik.

. Horizontal scale is approxjmate.» One tortwb metre depth variations

within 5 to 10 m horizontél d\stanceé, as those in cross-section BB', are

quite common 1in small and medium-sized Mackenzie Delta channels.

Starting .in the next section, a discussion of basic fluvial processes at

work in the Delta will clarify some of the morphological featﬁres
described in previous paragraphs. Better definition of these features

should resuTt from bathymetric soundings in 1984.

3.0 Channel Shifting

The quect1ve of this major component of -the study is to
deferm1ne the-patterﬁs.of channel sh1ft1ng ovér the Mackenzie Delta
plain, as well as the1r Lontro111ng processes. ‘In particu1ar the -goal is
to clarify the re]at1ve contribut1on of hydrodynamic (current, wave),
hydrotherma1 (permafrost melting) and 1ce~run’processes in cut-bank

erosion. Outhet (1974) has d1scussed erosion rates and processes, as

well as resultant cut bank forms in the southern De]ta wh11e G111 (1971)

briefly commented on conditions in the Reindeer Depot area “In the -
context of the present study, a program of 20 to 30-year time- 1apse air
photo comparisons was completed, cover1ng,a range of channel types and
aréas of the Delta. The information on shifting-patterns'obtained was
then compared with preliminary field observations of bank erosion
processes occurring-fromfbreakup to summerA]ow—F1ow cond1t1ons.' Some

conclusions of this study follow.
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3.1 ' Sh1ft1ng Patterns

. Figure 5 (1n.batk cover) presents'a map of cut bank migration

rates over a sample of channel reaches in the Mackenzie Delta, obtained |

through air photo comparison. Where space~aT]owed only one value to be

reported on a meander'arc (between consecutive 1nf1ect10n_points); this
value is the peak for thé aré,-’The comparisons were based on 1950, 1971
and 1981 a1r'bhotos, af scales of 1:40,000, 1:70,000 and 1:52,000
respectively (Fed. Department of Energy, Mines and Resources). Extensfve
coverage was possible at a reasonable level of accuracy, using 1 and 2
power magn1f1cat19hf0n a Bausch and Lomb‘Zoom Transfer Scope. The
avefage migration rates reborted‘are tHUS mostly based on. a 31-year time
span (6ccas1ona11y'20 years), and accuracies are generally better:than

+ 0.5~m/year.:‘A s1ightly more accurate combilation 1s‘1n preparafion}
As'a1ways, care_musf be exercised when compariﬁé these average rates with

field measurements of erosion conducted over a few seasons. .

Maﬁy factors must be.considered.in 1ﬂterpret1ng thesé results.A.
Cut bank erosfion rates depend, in a direct way,lbn near-bank flow
strengﬁh and durafibh, as.we11 as nature and cpnditionkpf'tut banks .
Flow strength a]ongAa particu]ar cut bank pah itself be related-to
chanhel slope, tfanﬁverse profile (width, depth, etc.) and 1océl
a]ignménf (bank lihe curvature and location of cut bank relative to
adjacent inflection boints.in the channe] trace).- Cuf bank properties
relevant to lateral erosion 1hc1ude bank matéria] textures, cohesiveness,
chemical cemenfat1on, water.and ice contents,'Végetatidn cover, bank

height and roughnéss, as we]} as seepage conditions, etc. Many of fhe
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relevant variables are difficult to measure in a field setting and so the -

precise dependencies haVe.generatly not yet been estab1tshed.'

3.2 ~ Flow Strength as a Shifting Control

As will be seen in the next paragraphs, flow strength does
appear to_have a strong influence onvbank mtgratton'tn the Mackenzie
Delta. tht]e detailed information is available on spatial patterns in

energy's10pes.and f]oW»strengths but two 1nferences can be made

L conoerntng broad‘trends: The first one is that energy slopes should
» general]y decltne as Beaufort Sea 1s approached Af t1da1 and storm surge B
’ effects are neg1ected The second one is that the s1opes may not vary

~ much between dtfferent channe?s in the same area of the de]ta ~as long as

they trend generaT]y in the same direct10n~w1th roughly the same distance

to base level. This is because of the. great degree of 1nterconnect10n'

that oreva11s as a rule. As a Lonsequence of the 1atter constra1nt f]ow,
strength 1n»disttnot\channe1s over a.given aréa may corre1ate strong]y
wtth channei size; in parttcu]ar, average f1ow shear stresses on the |
channel boundaries shou]d depend on f]ow depths That thts ho]ds at

1east at the extremes of the sca]e was conftrmed by some rough
determinations of bed shear stresses conducted 1n the two weeks fo]]owing_‘
breakup~1n_1983 Stresses were. evaluated through 4 to 5 point verttca] 4
ve]octty profiles, measured 1n re]attve]y stratght and un1form~bedded
channe1 zones, and mak1ng use of the 1og ~"1aw of the wall". In the_.

large and deep Midd1e‘Channe1 shear stresses 1n the 10 Pa range were

" measured
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in 15 m of flow (near lat. 68°12'N), while in the deeper parts of smaller

neighbouring channels, stresses remained in the t to 3 Pa range (4 to 5 m

depths). These very eppfoximate'values can be put in the followﬁng

perspective: Shield's curve 1nd1cates that, at 1 Pa, flat-bedded uniform

‘ sands of less than some 1.5 mm diameter are mobi1e whi]e, at 10 Pa, 1 cm

- gravel should just be entrainable (Vanoni, 1975).

These variations in the scale of flow stresses appear to be
.ref1ected‘1n bank migration patterns: in fig. 5,.1mpressive shifting
rates are to be found'a]ong Midd1e Channe1 as7we11 as along the.higher
gradient upstream reaches of Peel: and Ph1111ps Channe]s : Furthermore,
within a given de]ta area (re]at1ve1y constant energy s1opes), sh1ft1ng
activity in sedward trending-channets appears to 1nLrease with channel
width, and hence to some extent with 1ts corre]ates, channe] depth and -
shear stresses. This trend is- 111ustrated in figs. 6a and 6b, where the '
re]ationships between peak m1gration rates and local bankfull wtdths are

plotted, respectively for conditions in the southern (bélow 68° N) and

-middle de]ta'(between 68° and 68°30" N)' Shifting values are only

plotted. for re]atively tight bends,,in order to standardize somewhat the

influence of: channe1 allgnment

A trend of oecreasing sh1ft1ng'att1vityios Beaufort Sea is
approeched and enetgy-s1opes are reduced 1s.a1so:apparent in figs. 6a end
6b. For charinels Tess than 400 m wide in the southern delta, migration
rates roughly equal 1.3% of channe] wtdth, per‘year; this figure 1is of
the order of 0.5% 1n:the.m1dd1e delta. Forvtargef-channe]s; wh11e'there

are no tight bends on Middle Channel in the southern area to allow
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comparison; peak_rafes are some 1.3% of width in the middle be1ta, while

they are of the order of 0.5% on Reindeer Channel in the outer Delta, and

~ generally of the order of 0.1% on ‘the lower reaches of West Channel.

That flow stresses are.an important control on bank shifting in

_the Mackenzie Delta, as in most environments, is a1so'apparent*from the

detailed migration patterns in these chénne]s. Fig. 7,15 a map of 1950
to 1981 cut bank‘shifting patterns in the central reach of Midd1e
Channe]. Typical meaﬁder migratﬁon pétterns are in evidence: péak
migration is generally found in, orfs15ght1y downstream of, the bend apex-
aréa.(area of maxiﬁum curvéturej. ‘This usually corresponds to the early
part of the deve]opéd-fiow zone in channel bends (Apmahn, 1972;'Jaékson,
1975) where the maximum velocity filament has cdmp1eted.1ts4cros§over to
the new outér bank, and'near;bank‘stre§§esvare greatest. Although the
scale of channel shifting is much reduced in small aﬁd medium-sized delta )
channels, here agaih maximum shifting typically occurs at thé‘outér bank>
in the bend apex area.' In addition, maﬁy.of the latter chahnels.have
abrupt bend-entrances (as 1n-fig. 3), in which»éasebstronger erosidn 5150
affects the outer bénk immediately upstream-df;.énd at the ehtrancevto;
the bend. -This a]sd corresponds to the areé whefe-the»thalweg was seen
to approach the bankiand oécasionné11y’erodé an embayment 1n”thé point.:
bar Jjust downstream,;.strong erosiVe stresses have beeh kepOrted jn this
location in many tﬁgﬁt meanders e1sthere (Jackson, 1975; Hickin, ]978;
Yen,-1970), they are linked to the‘"frée vortéxﬁ.acceleration of flow at

inner banks in bend entrances.
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3.3 BankACharacteristics as Shifting Controis

The great control flow strength'exerts on channei shifting is

" not surprising, although the .disparity in strength between Middie and

ambient .channels 1s noteworthy. But what control do bank characteristics
exert on the scale and patterns of shifting iiiustrated'in fig. 57 Apart
from bank_heidhts and bank-top vegetation, . 1ittle is known about the
regional variations in other bank characteristics;_whiie these two :
factors may not, by themseives, have a strong influence on bank
erodibiiity in the Mackenzie Delta. In this preliminary stUdy, much
attention”was paid to the simpler question:' How do the general
characteristics of de1ta channel banks affect shifting rates? Much has
been said about the considerab]e resistance to erosion of “frozen mud"
delta banks. (Gi11, 1972b)._ whiie the thermal effects involved in erosion
will be considered shortiy, some preliminary comments on inherent

sediment strength are appropriate here.

3.3 1 Bank Material Textures

it is. generai]y recognized that cohesiveness of bank materia]s o
significantly reduces erodibiiity Nonetheless, Grissinger et a1 (1981)
have demonstrated that for sandy si1ts with minor clay fractions typicai
of much of the materiais found -in delta banks (Outhet 1974, Gi11, 1971;
this study), critical erosive stresses may be quite Tow, although they’

vary strongly with percentage clay contents. Little s known about the
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var\ab111ty'1h.bank mater1a1 clay contents over the De]ta;
Vunfortunate]y Data co]]ected by G111 (1971) and Johnston and Brown

(1965) conf1rm the 11m1ted pre11m1nary sampling results from the: present-

study and 1nd1cate clay contents in the 15 to 25% range, for the most

part. Grissingers experiments suggest cfitica] erosive stresses undér 1

~ Pa, in such conditions, especially since the frictional strength

combonenf s reduced on sloping cut banks. Such stresses should be

available locally, on dUter banks in bends, even in re]atively small

, Channe1s where bed stresses may-be in the same 1 Pa range (Ippen and

Drinker,.]QBZ).' Direct fﬁe]d observations pf'the sandy~si1t bank

materials suggest that, once'me1ted; they-1ndeed loose muChvcoherency.

There is nonetheless evidence of s\gn1f1cant-1oéa1 variations n

cut bank mater1a1 st1ffness in the delta,: capab]e of affecting sh1ft1ng« :

‘ patterns A str1k1ng example of this was encountered at an abrupt

constriction on. Napoiak Channe1 near 68° 28'N and 134° ss'w Cut bank
strata at water 1eve1 there were composed of ‘bluish, plastic and qu1te
stiff fine mater1a1s. Bed material. samp11ng 1nd1cated as we11 that
similar materials extended QOwnwards.towards_the bqse of the deep,scour ;

hole at this constriction; Examples of 1atera1,conf1nemeht=aﬁ bends ‘in

- smaller channels (with scroll patterns indicating puréiy downvalléy i
" meander shift1ng) can also be found on air photos, and these may be

- related to 1mp1ngeméntfon t]ayey‘deposits in 1akes or abandoned:channe]s.'
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3.3 2 Permafrost and Hydrothermal Effects

The.erodib111ty of cohesive .sediments depends on a multitude of

factoréaand remains a vexed question. ‘It will be briefly discussed again

in the next section, in the context of bed material transport in Delta

channels. Yet, permafkost and segregated 1cé are further complicating
Faétors;affect1ng the erodib111ty of bank materials by running water in
the Mackenzie Delta. Hydrothermal effecfs-in'the form of
"thermé—erosiona1 niches" (Czudek and Demek, 1970; Walker and Arnborg, -
1966) that undermine cut banks can be 6b§er§ed here; fig. 8a presents a -
typical example 6F‘n1ch1hg.1n'the.De1ta. Intefesting]y; reconnalssance
expeditions by air and river during the spring and summer of 1983 also
disclosed a clear pattern 1n’the'd15tr1but10n of thermé1 niching;‘whf1e
deep niching was prevalent along "rapidly" eroding banks of”M1dd1e' '
Channel and”the'Peei in the southern delta, othéf smaller Channels,.
inspected in the ea§tern portion of'the Delta bfesented.only very raré ‘

examples of'1ocalfzed and shallow n1ch1ng; .This ra1sés an interesting

“question: .does thermal niching causé;.or mereTy:refTect,‘higher rates of

cut bank erosion in thé Mackenzie Delta? To try to answer:th1s question,
the complex controls on hydrothermal erosion must be considered. This

will be done after é brief review of curreﬁ£ know1edgé on niching.

3.3 21 Thermal-Niching: A Brief Review

Thermo;erosiqnal niches are deep and relatively narrow hollows,

carved, at or near water Tevel, out of cut banks containing significant
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cut bank on Middle Channel,
Mackenzie Delta, N.W.T.
Fig.8b
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Non-niched but actively
eroding cut bank in the
Mackenzie Delta, N.W.T.
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amounts.of segregated ice, by the.ﬁnteractton oF thermal and hydrodynamic
(current wave) effects. In some environments, erosion of niches into
cut banks has been reported to be very rap1d Williams (1952) reports
M'm of 1nc1s10n in two days,-which is not atypical. The fol]owing_
scenario appears to be.oommon{ after 1ncts1on, the frozen bank overhang
above. the niche-degrades subaerially and eventually collapses, often

along a failure plane determined by 1cefwedges.‘~By the end of the next

_high flow event, if not earlier, slump materials have been washed away

and fresh niches have usually been excavated out of the bank face.

Much remains uncliear about the'prettse controls and geomorphic
implications of n1oh1ng however. The exact vertical location of niches
may depend on strat1graph1L charaoteristtcs of the bank section: strata
rich in segregated 1ce are pr1me cand1dates, because of the great -
erod1b111ty of thawed sediments saturated with excess waters (although
the high latent heat of fusion of ice may put anxupper_11m1t on this.
effect) Scott (1958) observed that n1che ap1ces tended to occur'on
coarser, possibly more thermally conducive mater1a1s, in composite bank

sections. Such strat1graph1c effects are nevertheless difficult to -

verify under deep and very unstab]e bank overhangs Concurrent1y,1random

high wave- energy events, combined with water 1eve1 changes may play a
great ro1e in locating niches. It is atsoiunc1ear whether strong -

currents. can; by themselves, excavate n1thes'be1ow water, that will only

become exposed subsequent1y at the water surface Lateral depth sounder

profiling as well as time lapse photography of a niched cut bank- a]ong
Middie Channel dur1ng the 1984 field season many shed some 11ght on the

latter questions.
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The 1mp11tations.of'permafroét erosion and niche development in

f1UViol settings -are also disputed. 1In varfous studies, permafrost has

been he1d to retard or to regularize 1atera1 erosion by stabilising bank,
materﬁa]s against f1ow stresses (Cooper and Ho111ngshedd 1973; Scott,
1978); or, on the contrary, to accelerate bank underm1n1ng and retreat
through hydrothermal effects (wa1ker and Arnborg, 1966; Ritchie and
Walker, 1974). Pre]iminary evidence will help to shed Tight on some of

these issues as they relate to the Mackenzie Delta.

3.3.2 2 Controls on Niching in the Mackenzie Delta

The regionai’distribution'of thermal niching in the Delta that

was mentioned earlier suggests that flow strength, here'again; may:exert

a decisive contro]:..greater mfgration rates as Wejl as thermal niching

appear to coincide wifh the re1at1velj stronger fiow regime of Middle
Channe1,-and upstream Peel reaches. To c]arif&dthe-1mportancerf Flow
strength, other factors that may exert a contro1 on this distribution
must nonetheless be considered. in particu]ar these are sediment

textures, ice contents, and wave regimes,_'

~ Repeated observations of cut bank materials over the eastern
half of the De1ta and be]ow 68°20°'N fa11ed to disc]ose clear textural

differences . between n1ched sites and sites devoid of these. It was also



o
-E S T NN N N EBE EE O EE e

‘N O N O e

- 29 -

1mpossib1e'to.estab115h reliably, short~of-a_1abor10us samp]ing program,
the existence of any‘systématic difference in segregated ice contents
through casual and necessarily biased observations. Large ground-ice
maﬁses'(wedges and veins) are indeed readily observable in many niched
bank profiles, and a characteristic scalloping of the bankline along
high—energy cut banks of Middle Channei appears to betray overbank
po1ygona1"wedge networks. Yet, niched bank profiles by their very .nature
tend to reveal large i1ce masses, in addition to exposing fresh permafrost
faces, while a relatively stable thawed layer mantles and conceals the |

permafrost in non-niched bank sections. Fib. 8b (p. 26) illustrates the

latter type of active cut bank. Spot excavations conducted 1n-such bank
faces nonetheless revealed considerable ground ice in the form of closely"

spaced veinlets, although odds did not favor hitting important ice masses.

In the final analysis however, it seéms.1mbfobab1e that régiona1
differences in bank ice content (averaged over 1engthy'r1ver reaches)
could explain the h%éva]ence of niching on Middle Channé]vto“fhe
exclusion of neighbaﬁring smaller channels. Mény~of the 1atter-cﬁanne1§
run alongside and oniy a few ki]ometers away from M1ddie_Channe1 on the
delta b]ain. With no significant textural dffférenées’in bank materiaTs,
ice coﬁtent should be comparab1e. At the 1oca1 sca1e?h0wever, high ice
contents may p1ay.a.ro1e in some cases of 10ca115ed énd restricted |

niching_albng minor channels.
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Wave regimes must playra role in controlling. the rap1d1ty‘or

extent of niching tnat so often seems to occur at water level. C]early,

: smé]]er channels do not~prov1de the 1arge'feteheSAthat 1ead to

high energy wave attatk on cut banks along Midd1e Channel. "Nonethe1ess,
fetch or or1entat10n may not exert a determining influence on the -
distribution of niches in the Mackenzie Delta.  For examp1e, niches are
uncommonxa1ong upstream‘reAChes-of Eést:Channe1 that are as wide as

niched sections of Peel Channel. More importantly, the evidence

presented in figs. S‘and‘7-1nd1catestthat dominant northerly and

westerly-sector winds (Outhet, 1974) do not translate into clearly

preferred shifting dF eaetern or southern bankltnes.along Middle Channel.

3.3 2 3 Geomorphic Implications of NtchinQQ

If flow strength does play a crucial role 1njthe'd15tr1but10n of

niches, an 1nteresting stde~quest10n remains hOWeVer: ‘why are nicheS'
genera]]y absent, rather thdn on1y underdeve]oped a]ong m1nor de]ta

channels, as repeated observations during and after breakup hdve shown?

On many of these channels, steep unvegetated cut banks test1fy to erosion

during spring h1gh flows, and air photo compar1sons d15c1ose sh1ft1ng

rates of the order of 1 m per year, As was ergued‘aboye,-1n{many»gases

segregated ice content 1is apprectable,’wh1]e the water temperature regtme

is similar to that of Middle Channel; consequently, this Jimited



or s

N

a - )

B

erosion might be exuected to involve some hydrothermal niching. The
solution to thtg problem apbears to be provided by end of summer
observations of the thawed 1ayerpon_the exposed portion of these cut

banks. Depths of thaw of 1 to 1.5 m were measured, with excess waters

“mostly drained from this mantle. 'Arguabiy then, thermal niching will

'oecur-the-f0110w1ng season on]ytwhere flow and wave strengths cembined

are sufficient to erode well beyond this refrozen, lower ice-content -

~layer. This.thresho1d tnvolving active layer deuth appears to be - -

, cdnfirmed by the relationship between’Shifting;rates and.therma1_n1ch1hg '

1n_the-De1ta.A For example, moderate 2 to 3 m/yrishifting a1ong_51de
channe15'to"M1dd1e Cuanne1 near 67°50'N and 134°30'w~(f1g. 5) was aeen
frpm the air to 1nve1ve clear ntehing of cut_banks.' ErdSion ptns at -
non- n1cheddeut bank‘aites, driven beyond the~frbst‘p1ane in the autumn of
1983, should help verify the re]ationship between eroded ‘and aLtive :

1ayers after 1984 breakup

_Atmore 1mpertantv1ssuef1s whether~hydrdtherma] erbsiun;‘beyOdd
this threshonv entatis acce1erated bank-retreat‘i e.: greater'retreat
rates than those produced by the same flow regime, acting on materia]s
devoid of segregated 1ce In silty banks with high 1ce contents, for
examp]e, the rate oF niche excavation should- be Timited by the rate of:
melting.at the frozen face s1nce, 1dea11y, any_me1t re1ea§es saturated
muds that can be ereded away a1most eftort]esaly},exposing.thevmejt
front; This does nut.uecessar11y cut downton eresion:A heat transfer to

the melt front directly from=ruhn1ng_ortsp}aShing water increases with
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its temperature, butia]so Qtth flow.rate'at'the face. Hence, as 1n
"non~therma]"‘eros1on,‘the ero$1on'rate'w111.1ncrea5e-w1th‘current or
wave strengths whethervtt-is relatiuely acce1erated or not shou1d
depend on the nature of the mater1a1s, the geometry of the n1che the

temperature of the water, etc., and is best. determtned expertmenta]]y

" Available Field evidence Suggeéts that‘retreat rates at ntche
level may be acce]erated compared to non-permafrost condttions, tn many ;
cases Depending on: the rate of disintegration and evacuatton of the .
fa11ed bank overhang, this may be true also for retreat from niche 1eve1~
to bank top.. But it must be kept in mtnd that, in a.meander sett1ng,
sustained-out-bank,ntgration involvés all the bank profile, down to the

thalweg, and not just the section above water level. In the context of

. deep channels, thts may seuere1y 11m1t the 1mportance of h&drothérma] :

effects. Near the apex of Midd1e Channel bends, for examp]e the cut
bank plunges 30 to 40 m below- the Tow water p1ane wh11e the subaer1a1
section rarely exceedsv7 m in-height. Do hydrotherma1 effects on the~
underwater slope 1nsure erosion rates that are in line with potent1a11y‘
accelerated niche eroston above water7 Different 1jnee of evidence
suggest that this’ may not be the .case. A]thoughlpeak'ShearTStreESeéjare»
found underwater, the contribution of wave erosion is of course . L

eliminated. More 1mportant1y, Londitions at the submerged bank face may

_be much Tess conducive to hydrotherma1 effects VThe frost plane may be

somewhat deeper_into the face because of melt resu]ttng From adjacent

waters through the Qtnter season. In additton, theory (w1t1tams, 1968)
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as well as data from borings near,Inuvik'(Johnston:and‘Brown, 1965) |
indicate that segregated ice contents rapidly decrease_in the first 10 m

below the delta plain surface, further,reducing the poteéential for

hydrothermal erosion.

There is also somerind1rect evidence for a concentratﬁon-df
hydrothermal erosion- above the Jow-flow water plane. It is interesting

to note in this respect that a narrvashe1f usua11y extends r1Verward

from the f]oor'of deep niches in Middle Channel. Usually 5 to 10 m wide,

1t allows boat groundtngs and. even observations on foot to be made in
front and outside of the n1che.A It 1s-conce1vab1e that this beach—type
feature,'as;itiinsures some reduction 1n'current and wave energies at
ntche 1eve1 and curtails upper‘bank retreat may come about as a response
to the unequa1 subsceptib111t1es to erosion ‘of Tower and upper bank

sections. If thﬁs js correct, “bank migration in Midd1e.Channe1 is

u1t1mate1y contro11ed by most]y hydrodynamic processes over the 1ower cut

bank and may not be acce1erated s1gn1f1cant1y by hydrotherma1 effects..
This may also exptain the dominance of a. fluvial over an eo11an signature'

in shifting patterns observable in f1gures~5-and 7. S1m11ar1y, but 1n

-the case of ‘minor. de1ta channe1s, ‘the weakness of f]ows rather than the

' resistance of frozen banks may ‘be mostly responstb]e for the subdued

shifttng activity. This is supported by evidence from sporadic probing
of underwater. cut banks in these channe1s during breakup high f1ows '
Shaltow (2-15 cm) thawed layers were genera]ly encountered 1nd1cat1ng

Tocal thaw rates that exceed erosion rates. More extens1ve probtng will

- further test this conc]usion.
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3.4 . .Ice-Run Erosion

Ice run eroston is .another process mainly concentrated near the
high- f1ow water surface Ground and a1rborne_observat10ns during the‘
1983 breakup revealed that, 1oca11y,-stron§s1ce f]oes, usedras tdq]s_by
channel currents, gouged out shallow indentations into frozen cut banks;
or were driven overbank. As channed stages lowered,; such top1»marks were
occasionally observed in the upper half of cut banks. NonetheTess, our
11m1ted~f1e1d observations confirmed Gi11's (1971) impressions that, at
least certain years, the extent df ice candling in many Mackenzie Delta

channels at breakup;'weakening'the 1ce,vgenera11y 1imits. the importance-

~of ice-run erosion. Furthermore, what erosion does occur near the

h1gh-f1ow water surface'must~be matched by f]ow—induced erosion of the'-
cut bank down to the thaiweg, if steady state channe1 sh1ft1ng is to be
ma)ntained. Further aﬁrborne observations: dur1ng the 1984 breakup may - -
add some detail to the pre]iminary conc]usion that ice-run erosion does
not play an 1mportant role in: lateral channe1 shifting in the Mackenzie
Delta. In particu]ar, the morpho]ogical effects of any 1mportant 1ce

jams on Middle Channe1 remain to be clarified.
3.5 - Conclusions

In conclusion, pre]iminary ev1dence suggests that channe]
shifting patterns 1n the Mackenzie Delta are essent1a11y contro11ed by
current strengths, with secondary ro]es p]ayed:by hydrothgrma1 and:
ice-run effects. NonetheTess,-the importance of hydrothérma]feffects,.'

especially in channels shallower than Middle Channe1. has yet to be
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compTeteiy determined. ;Idea]]y, this might be.done by comparison of

erosion data from fie]dlsettings d1ffer1ng20h1y on the basis of bank

K temperatures and 1ce'contents} Unfortunately, ideal éonditions.are

rareiy encountered;: Laboratory tests might also provide basic answers.

4.0 Sediment Transport

As part‘of the 1983 reconna1ssance'surveys,'exp]bratory samples
of bed materials were collected in var1ous channels over thé eastern hajf‘
of the delta, and attention was paid to channe]—]ake'seaimehtafyf -
interactions.. Su;h geomorpho10g1ca1.eyidence can help identify local
sediment transport patterns worthy:of-study;lft can-also better d%recf
detéi]ed (and expehsive) sediment Toad mon1t6f1ng.programs; U1t1mate1y,:
from a geomorpho]oéica] standpo1ht, sediment.transport bat{erns arevof.
relevance to regional aggradation or degradation over the'deifa'plé1n, to-
lateral channel shifting;}as‘We11 as to the'sedfment b@dget at the déTta

front.

4.1 | Spatia]’Péfterns in Bed Materials

The cbntraéts 1n“f10w_strength ahd~sﬁift1ng acfivitj“befWeen -
Middle Channé] and:1t§ trjbutéries and distrfbufaries are, to sohe '
extent, paré]]e]ed‘1n the nature of theilr bedlmater1als and transﬁorted
sed1hents. Grave1s'and.med1um~td coarse sands were saMp]ed'éﬁ Mackenzie

River just downstream,ffom Point Separation. 1In this areaia sudden
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change in channel slope and resistance of bank materials has induced

deposition of parts of the sediment load; as well, 30-year air photo

«comparisons indicate extensive shifting among the numerous shpa1s>1n_the

area. Limjted'sampTing ddestream’appears'to 1ndicate‘that'med1um and
fine,sands'd0m1nate‘bn thetbed of Middle Channel, at least as far as
Oniak Channel (68°25'N), while streamwise bedfprnf111ng reveals extensive

dune fields on the thanne1vbed. In contrast, mid-summer §amp11ng along

most smaller delta channels indicated a predominance of high water

content, si1t-s1Urry bed-mater1a1s, with variable but usually minor
fine-sand fractions admixed. -Along Napoiak, East Channel and their
distributaryes, these percentage sand fractions were‘very variab]é within

short reathes or even within 1ndtv1dua1»cross-aections: isolated pockets -

»of fine sands surrbunded by'muds were Often>encountered on the~channe1

bed, Genera1 accumu]ations of sands are found however, near the

-entrance to Napoiak Channe1 and in the upstream reaches of East Channe]

and fine- sands a]so appear t0‘predom1nate in the downstream reaches-nf -
Napoiak Ch. and at the entrance to Shallow Bay Fig. 9 111ustrates the .
range of bed mater1a1 grain size curves for samp1es c011ected in

tributaries and distributaries of~M1dd1e4Channe1, during mid-summer of -

1983,

The 1oca1ised dtstribution of sandy bed materia]s 1n Mackenzie '

De1ta channels appears to resu]t from the morpho]ogy of channel junctionsr‘

off the main sand thoroughfare,.Midd1e Channel, Due to-differences in

equ111br1um depths, the entrances to dtstrtbutaries are generally perched ..
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Fig.9 Representative grain-size curves for bed material samples
collected in mid-summer along tributaries and distributaries
of Middle Channel in the Mackenzie Delta .
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high above the thalweg of the parent’ channel. The Canadian Hydrographic

Charts for the MackenzieADelta 111dstrate this well: for §xamp1e, East
énd Népoiak Channel junctions with Middle Channel are set by thresho]ds'
at roughly 10 and 20 m above the local Middle Channél thalweg, |
respectively. Thé fo]iow1n§ scenério may thus be envisaged: high ffows
on Middle Channe],‘durjng and . in thé'days following breékup; bring up
appreciab1e.contentrations of fine sands tehs of meters above thalweg-

(aided in this by the redhction'in fall velocities in near-freezing

" waters). Concurrently, large amounts of these sands are dropped over the

thresholds and 1n_the upstream reaches of the distributary channels.
Later on, with lowered stages (and higher wafer temperatures) in Middle
Channel, the supply'of sands to these delta distributaries is reduced .

radically. Yet,-bed shear stresses in the distributaries themselves,

.over'the~summer pefiod, are abparent]y suff1cient to eyacuate much of

theSE'finé:sands downstream (fine sands have critical erqsive‘stresses as
low as 0.2 Pa; Vahoni,.1975). »Thus,‘w1th a 1imited supply of fine- sands)
distributary beds are graduai]y swept clean over many reachés, 1eavﬁng
behind the (possibly) s11ght1y‘1e§s erodible (orjless sUpp]yé]jmited)
clayey-silt bed;materia]i.: Sands u]timafe]yfaécumu1ate fn delta front

areas such as Shallow Bay. ..

Church (]981) mentions data on outer-delta channel. bed

-materials which also support a sand evacuation model. It is further

sustained by the detailed location of sandy bed materials in the

distributaries, Samp]ed at mid-summer of 1983. The 1argé.aCCUMU1ations
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of saﬁds near the head of.distr1butaf1és.have not Béen compiete]y _
evacuated: 16 parfjcu]ar, relic dune fields are sti1l observable on
sandy;shdals in the upstream reaches of East;Channe1; in autumn. More:
1nteres£1ng1y{'there is sohe 1ndicat1bn that sands preferentially 11ngef
in 1ower—enérgy channel zones. Fig. 10 presents data dn bed méter1a1
textures in m1d—3u]y‘of 1983 along tﬁo reaché§ of Napoiak Channel. The
spatial variéb111ty in thélimportance of the sand fractipn 1s obvious.
There’é1so appear to exist trends towards greater sand contents in
straight reaches, és well as in the inner bank zohe in curved channe}
reaches. The latterﬁfrend, in part1cu1ar,.appeaf5 to be éonf1rmed by

sporadic sampling along East Channel and dne of its distributaries near

Inuvik. In these last two areas, however, greater distances from Middle

Channel translate 1ﬁto sénd'fractions-that are smaller, overall, that
those on Napoiak Channel. Further sampling in 1§84 will clarify the
distr{butidn batternﬁ of sahdy bed mater1aﬁs.and,Ain particular, verify
whether thiS mobi le %factfoﬁ is indeed preferentially evacuated from the

thalweg in bends.

4.2 Aggradation, Degqradation and Sediment Transport -

Over the 1oﬁger‘term, regional aggﬁagatﬂoﬁ or‘deéradation :
determine how the sediment discharges from‘Mackeniie River are modified
quantitatively dgringAtheir transit over the delta plain. Local 1nf1ﬁxes
of sediment to the chénne]‘system from retreating cut banks are, for the

most part, compensated by s1mu1taneous.depqsit1on.onto point bars. facing



{ -
Il BN I N

o

I N IS I IaE =

I I S I N N e B e

z

Middle Ch.

Napoiak Ch.

km 20,

Sample Depth %Sand %Si1t %Clay Sample Depth %Sand %#Silt %C{ay
(m) (m)

1 5.5 70 24 6 14 5.2 2 58 40
2 5.8 73 21 6 ~ 15 6.1 6 77 17 |
3 3.7 35 52 13 16 3.0 0 78 22 |
4 3.0 16 73 11 17 4.6 3 72 25 |
5 4.6 5 77 18 18 3.7 2 72 26 |
6 4.6 64 29 7 19 7.0 91 7 2
7 6.1 10 70 20 20 4.6 19 55 26
8 3.0 80 17 3 21 5.2 20 68 12
9 2.4 .20 71 9 22 4.9 85 13 2

10 9.1 7 78 15 23 4,6 37 56 7

11 6.1 63 33 4 24 5.8 89 10 1

12 6.1 87 12 1 25 3.0 31 58 11

13 3.7 11 72 17

Fig 10. Percentage of sands, silts and c1§ys in bed mqterja1
' samples along two reaches of Napoiak Channel in mid~
July 1983. .
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'these cut banks. 'NonetheTess;‘one WAy‘this rough balance may be’upset‘is

for long term lowering or rais1ng-o%?channe1 beds {o occur in a
particular area. As a rule, aggradatibnvddm1nates in a dejta sett1ng,
unless severe erosion‘of the de]ta fronﬁ ek 1ower1ng of base 1eye1 .
ocecurs. .Yef Somé_erbsibn.bf the delta fkbnt of the Mackenzle,
particularly 1n‘Sha11bw‘Bay, is occun1ng (Mackay, 1963). vertical
channel. movements may be detectab1e through systematic.differences in
elevation between retreating cut banks: and accreting inner- bank margins,
across channel from them. Surveying will be conducted along selected

transverse profi]es, where ‘wide scroll plains are found, 1n an'attempt to

assess any such-effects. Th1s analysis, however, may be complicated by

the effects of segregated ice buildup on bulk sediment'den51t1esfat the

surface of the delta plain.

", One of the~major,processes‘of'aggradat1on on'the Mackenzie Delta .
Plain consists in deita—1ake;1nf1111ng.dur1ng the breakup f1oed periad.
Similar occurrences fn}the Colville River -Delta are discussed by- |
Walker (1978)..Th1rtyéyear.a1rphoto comparisons.revea1 that, on a regular
basis, small and'1so1atedv1akes that are appfoached by §h1ft1ng channe1s‘d

become comp]ete]y f111ed with sed1ments Typ1ca11y, due to “the short -

approach distances 1nvo1ved, considerable energy- gradients are deve]oped

between lake and channe] dur1ng rising and fa111ng flood stages and a
sha}1ow connect1ng channel is incised oyer bank top, These channels are“-

nonethe1ess generally :short-Tived, as their purpose is eliminated with

" the complete infi11ing  of the isolated lake they feed. Many infilled
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lakes are then part1a11y "eaten-up" by the mtgrattngchannel° Given some

information on the bathymetry‘of‘these small 1akes,-1t'may be possible to

estimate the 1mportanée.of‘th1s component'oflde1ta p1a1n'aggradat1on

through time-lapse air-photo compartson.
4.3 . Avulsions

A different and geomorpho1og1ca11y more 1nterest1ng situation

~occurs where channels overf]ow into a- 1arger 1ake system, particular]y

when the latter becomes 1ntegrated 1nto the delta channe1 network and can

maintain throughf]ow.' In such,cases of avulston, a new. channel, formed

by the progressive ektension'across the lake bas1ns of "reverse deltas"

and their underwater’ 1evees, becomes part of the de1ta network
U1t1mate1y, the typical resu1t 1s a tortuous channe1 that "wanders"
through small lake remnants without touching them, and is oCLasiona11y
1nterrupted by a lake basin not yet complete]y brtdged. Fig. 1 presents'
examples of such occurences in the Mackenzie:Delta. These'aVu]s1ons E
appear to be the main mechanism for‘creatton of~new channels on the{de1tao
piain, and are powered u1t1mate1y‘hy-the random search -for-shorter ‘
channe1 paths to base level. A very s1m11ar ser1es of events as that -

descrtbed above led to the estab11shment of the present Atchafa]aya L

Channel (Tuttle and Combe, 1981) in the-M1ss1ss1pp1 Delta.

To the geomoroholog1st these.occurrencesdare interesting in that'

they provide repeated;and'obServable‘examp]es‘oftthe_creat1on oﬁi.
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Fig.11 Avulsions on the Mackenzie Delta Plain, near
68°25'N and 134" 5'W .Notice the new channel
in the lower-left quarter of the photograph:
it completes an alternative 1ink between
Middle and Oniak Channels.

Fed.Dpt.of E.M.R. photo A25776-133 (1981)
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se1f-formed channels. As well, processes leading to tﬁe extension of

major channels at the delta front are not.unre1éted.to those at work in

the more sheltered environments of finner-delta basins. Because delta

channels were ultimately formed thrdugh such procesies, thelr study. is

basic to the underStanding bf channel morphology. In this perspective,

" broad areas for further:study will be d1chs§ed’1n the next paragraphs.

The great 1rregu1ar1tyvﬁn p1anform»of most of the smé11ervde1ta_
meanders that was'déScribed earlier (cf. fig. 1) may be traceab1e to
circumstances 5ccompan§1ng their formation, and to the sudeed character
of migration thereon. 1In particular, many currént]y‘form1ng channels
appear\to be randomiy deviated by islands and §hores within the lakes
they ére cross1ng (cf. fig. 11). :More 1mportanf1y, the very mechanisms
of reverse delta progradation w1th1n‘these41nf11i1ng lakes appear to lead

to irregularly spaéed abrupt-bends in the extending channel. Airphotos.

- show such bends to occurfwhere important "middle ground" shoals (Wright,

1977), formed. at the mouth of the reverse deltas, lead to 1ncip1eht
bifurcation, ofteh with.abandonment of a minor arm. Very detailed
monitoring ofbrevefse~de1tas may c1ar1fy-what ffiggers these pekjodfc ‘ﬂ
bifurcations. In any event,~such‘m9ander incepfion processes may be
sufficiently differeﬁt from thoée 1n.a1ternate bér contexfsvto ekﬁ]aini‘

differences in meander styles.

Some other morpho1ogica1.charactef1st1¢s of Delta Channe}s may

be better understobdAif the probable conditions-hnder which these were
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.'.'formed are considered ‘ For examp1e considerAthe apparent weak s1ope of
- the curve 11nk1ng channe1 depths to widths in the Mackenzie Delta, which
'was d1scussed ear11er and 111ustrated in- figs 2a and 2b This and other

‘d: aspects of the Regime character of de1ta channels may be’ strong1y

_ contro11ed by the constraints on water surface slopes across the de1ta

p1a1n In Nature, 1arger channe]s genera11y have sma11er s10pes,_and

.1ncreas1ng depths maintain boundary shear stresses capab]e of

transporting the sediment load. 1In contrast 1t was argued prev1ous]y

that, 1n-the De1ta s]opes cannot vary much between two channels of

'vast1y'd1fferent size running rough1y~para11e1~to each other. This may-

part1y explain why the depth of the ?arger channe1 1s not much greater
than that of the narrower one. Although there is. no concensus yet on the

rational basis for Hydrau]icheometry,rand-key components of the problem

‘are very difficult to study in the field, 1t is possible that bank

stab111ty partly 11m1ts average boundary shear ‘stresses, and:hence

depths, 1n the De]ta- ‘As a first approach to this complex. prob]em, it

‘wou]d be 1nterest1ng to- obtain high- f]ow bank shear stress va]ues over a.

range of channe] sizes

. fhe:jrregu1af nho1ecandnmoundf bathymetry detectedwin.manjh'
channel reaches (cf. seCtion éfé) may also reflect formative‘condttionssf
Bed material 5amp11n§ in these areas occasionalﬁy bringsrup*sma11
fragments of - re1at1ve1y stiff muds, among the more numerous samp1es of
"fluid mud". It is conceivab]e that these areas of chaotic bathymetry

are 1oca1ﬁsed erosiona] zones on the channe1 beds, 1.e,:‘,zones where

incision has occurred 1nto 01der, more high1y compacted and hence less,
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easily erodible delta sediments (Thorn and Parsons, 1980), and which have

' not become completely mantled with transportéd sed1mentsr While

relatively loose fresh alluvium may form the boundary of shallow chanhe]s
running through old 1akes, deeper and wider chanpels probably have had to
be excavated below lake bottom in better consolidated muds Ho111ngshead
and Rundquist (1977) also present evidence from Shallow Bay that
freeze-thaw cycles may have locally produced an overconsolidated crust 1h

si1ty channel -boundary sediments.

A pitted and irregularly channe]ed topography 15 common on
erosiona] surfaces in coherent materials such as rock or clay. In

particular cases, extended "inner channels" have also been observed to

- form and these have generally been ascribed to shear stresses

concentrated by the action of secondary currents (Shepherd and Schumm,
1974; Partheniades, 1965); This 1s but one of many possible mechanisms
wh1¢h may explain the existence of such inner channels within Mackenzie
Delta channels. A]terhative mechanisms include lateral widening near |
water level due to wave or tidal effects, or incision of the Tow-flow

channel while under ice-cover. In coming field seasons, the extent of

inner channeling will be better determined. In particular, it will be

verified whether these are also encountered 1h‘channe1s newly formed in -
the inner delta, far from tidal or storm surge effects{ A possible
relationship- between bank m1grat1on'rates‘and the dimensions of cut bank

1ed§es (cf. section 2.3) will also be 1nVestigated.
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4.4 Channel Abandonment -

A final area of enquiry concerns the conditions under which
channe1s become silted-up and abandoned in the Mackenzie De]ta Examp1es
of this phenomenon abound on the de]ta\plain, with small channe]s.making
up the extreme majority of cnses. Nonetheless, even moderate—sized'
channels may not be absolutely immune to the process. It is noteworthy
in this . respect that most of the flow fhat runs by Inuvik on East Channel
u1t1mate1y comes from the narrow mouth sections off Middle Channel, some
70km away. End of summer observations 1nd1Late that these sections are
already remarkably shoa1 further shoa]ing near Middle Channel cou]d
gradually reduce flows downstream on East Channel, and in the 10ng~run
lead to major si]tat1on problems. The author doésvnot imply that‘tﬁf§
w111 necessari]y happen, but merely wishes to emphasize the re]ative]y .
de]icate ba]ance contro111ng channel abandonment in delta networks.

‘ The study of airphotos suggestsﬁihat distr1bqtary abandonmeht;x
may.bévtO‘a great extent control]gd"by changes in . sediment inputs at'tne
mouth of the.distributary; due to parent;channe] migration. Junctfons to
active.d1str1bUtar1es:éne usually 10céted near;bend apex on the
parent channel (Mackay, 1963), as the helical flow structure in the
1atter channe1 usua]]y maintains low sediment concentrations in this
area. With parent-channe] m1grat1on. the distributary mouth may find

1tse1f'a10ng an accreting bank: in such cases sediments will deposit in

large quént1ty and cnmpleteTy‘obstruct distributary flow. ~Ran1d shifting
at Horseshoe Bend in Middle Channel has already deposited a large shoal"

| in
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front of the.mouth of Raymond Channel, and this may be a first step in
the abandonment process. 1In contrast, the flow structure and
sedimentation patterns appear to be more complex at the mouth of East

Chanpel.

The control that parent-channel alignment exerts on distributary
abandonment will be 1nvestigatéd firstly through a detailed examination.
oF'delta air photos. As well, a program of measuremeht§ of-ve]oc1ties,
helix strength ahd‘suspended sediment concentrations along channel bend
crogs—sections is planned for 1984, 1n order to verify the role that the
helical circulation plays in. bend sediméntation in the De]ta._lFinai1y,' |
cross-séctions at the entrance to East»Channel‘Will be surveyed and |
monumented as a first step in the monitoring of 1oca].shoa11ng tendencies

over the next years.

5.0  Summary of Preliminary Findings

7 Numerous unequa]]& substantiated ideas have been put forth in
this progress report;:based bn a review of-existing']iterature and on the
reconna1s$ance_sdrveys édndﬁcted by the author. A major objective of the -
report has been to review some fluvial géomdrpﬁig problems that appearv
worthy of sfﬂdy, and to suggest some approaches that méy,be helpful.
Nonetheless, both existing and~dr1giha1 data hoint to a“number of -
preliminary conclusions, most of which will be tested further in éom1ng

field seasons.
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‘Available cfossesectjonal data~suggests that one

characferistic of Delta.channels may be a particd]ar]y.s10w

rate of 1ngrease‘of channel depths as wider channels are’

 00ns1defed.

'Channe1_migration patfefns:aré<dbm1nated by the contrast

_between rapid shifting along Middle Channel and the very

subdued actiVity of most other Delta channels.

;M1grat10n-patterns appear to be controlled, in 1arge part,

by the strength of flow stresses‘fn the different segments

of the channel network. ~Ne1ihér hydrothermal nor ice-run

erosion apbear to have a.majof efféct on the scale or the

'_ distributTOn of channel shifting in the Mackenzie Delta:

Data on bed sediments in the channel network suggest that
sands may be supplied onTy.brieFTy during spring high flows
to_thé upstream reaches of many distributariés.

Subsequent]y; summer Tow flows would gradué]]y evacuate’

:them_dOWnstFeam;'
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