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l~BSTRACT 

I n the study area , the South Saskatchewan River has 

a sandy bed (mean diameter . 3 ITu-n) with irregularly-sha.psd 

braid bars termec! sand flats. These ran9e in length from 50 
.., 

t 2000 Th . h a·~~~-- ~ ,f r)~o ~/co 	 m. ·_ e river i as an average L:.icu:.t .l gr:. '""' . ·-·~ rr. "'Ge, 

3with a mean annual flood of 1450 m /sec . The rive~ has been 

dammed upstre<-tm of the 3tudy areo. since J.965,, but little 

dm·mcutting hu.s o,:cl:•.rrE:J.. 

RippleF, sand waves antl dunes ar2 t~e equilih~ium 

bedforms present . Ripples and dunes are well known , ~ut sand 

waves are long , low bedf0rms with superimposed ripples, lack 

scour troughs 1 and occur at lower flow velocities than · .:'.•J n .c~s . 

Foreset-type bars are also present , but are not equilibrium 

forms . They result from flow expansion around older tape-

g~aphy. They occur at (1) channel junctions, (2) channel 

bend.s, (3) areas of channel widening, (4) places of vertical 

f lo-,.v expansion . They deposit planar c~ossbeds . 

Large a:.cea.s of tLe river ha•:e many sand flttts with no 

major c hannels , and may even lack minor channels. These areas 

are t ermed sand. flat co:nplexes. Where a major c~·121.nnel curves 

around a sand flat compJ.exr a large diagonal bar is deposited. 

T-'- • 
~ 1_ l . S mainly en th2 tops of these bars where new san d flats 

form. 
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The major channels rarely exceed 5 m in depth , but 

may be 150 m wide. They are floo red by sinuous-crested dunes 

with sand waves and ripples along thei.r margins . The dunes 

build up dur ing floods (2 m maximum amplitude). Larger dunes 

occur in the deeper channels . 

Three different morphologies of small sand flats , 

symmetric, asymnetric and side, have been recognized . Each 

type forms from a bar which becomes partly jm.rnobilized where 

it becomes emergent. The remainder of the bar front continues 

to advance around this emergent nucleus. The different 

morphologies result because of the control exerted by pre

existing deposits 6n the shape of the initial bar. 

Larger sand flats lack these morphologies because they 

have been extensively modified. The major processes of modi

fication are vertical, lateral, and upstream accretion by 

bars; linking of sand flats by bars ; erosional action. The 

variable morphologies of larger sand flats reflect only their 

latest modification . The stratification of sand ~lats is 

mainly planar crossbed sets deposited by the bars. 

During the winter, a 60 cm thick layer of i~e covers 

the entire systenl. Th e sand flats are im.."Tlobilized because 

their top layers of sediments are fr8zen . In some places, 

their surfaces are disrupted by f lui d escape caused by high 

pore pressures gene~a~ej by freezing. Flow proceeds down the 

channel s under the ice . Rafting of cobbles and scouring aro~nd 

gronndP.d ice bl ocLs ta]:ss place a"':. br2al:i.::p. 
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The facies sequences resulting from sedimentation in 

the river are mainly sandy. Those which are deposited by 

channels consist dominantly of trough crossbeds, but lone 

planar crossbed sets may be present, deposited by large bars. 

Facies sequences which include sand flat deposits ~1a.ve several 

sets of planar crossbeds stacked on top of one another. All 

sequence s have a zone of small crossbeds and ripple cross

lamination n9ar the tops! resulting f!:'om sha llow water 

deposition. They are capped by one-half metre of muddy flood

plain deposits. 
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CHAPTER 1 

THE SEDIMENTOLOGY OF BRAIDED RIVERS 


AND THE CON'l'1UBUTIO!'J OF THIS STUDY 


INTRODUC7~0N 

Alluvial rivers ma y be meandering, braided , or straight 

in plan view. .P.1 though straight rivers c:;.re less co:r.mon than 

the o thers 1 each type exists in nature on widely v a:::yi.ng 

scales , from streams a few metres wi d e to r i vers tens of kilo

metres wide, draining l andmasses o f cont inental proportions . 

This thesis concerns a braided river intermediate in size 

between these two extremes. A braided river is one flowing in 

several dividing and reuniting channels, the cause of division 

being obstruction by sediment deposited by the stream (American 

Geological Institute, 1957). 

Although the fundamental causes of braiding are poorly 

understood, s everal conditions present in many natural streams 

promote braiding: 

l) high rates of supply of sand-to-grave l-sized 

sedimer:t.1 

'2. ) easily e rocEl').le r,oL-·coh.es.i ve banks; 

3) r ap i d, high-magnitude c hanges in discharge; 

4) high region& l s lopes . 

1 
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High rates of supply o f cocu·_·se s e dime nt c ontribute t o t he 

inability of t he stream to tr~1sport a ll o f its l o ad , parti

c u larly at lower stage s . Eas i ly ero dible ban k s allow the 

strean to adjust laterally to the p resenc e o f mid-channel 

p . . ,ba r s . _.a pJ_a , h i gh magnitude 6 ischarge f luctuations c a use 

variations in the a b il i ty of t~e strea m to transpor t sediment , 

a n d also ccntribute t o ward in s ~ability i n str eam banks . O~ 

r .is::_ng s t a ge s , b a nks ~r ":! cornmon ly undc rr::1J.t , aP-d on fal1ing 

stage s , d rainage of wa ter from bank sedime nts raa y cause 

slu:icpin9 > Hi <Jh !'f~ g.ional slopes enabl~ si.:.ceams tc trar.sport 

coarse s e dimen t a n d t o erode b~nk s dur i ng p e r i ods of high 

discha.r.ge.s . P.i·12rs which sat:'...s fy two o r t h r ee cf the s e con

di tio~s may b e braide d . 

Br aided r ive rs are c o r:'..!-r.o n in perigla cial and semi ar i d 

envirorni1ent s. I n be t h , phy sica l weathering provide s l a r ge 

amo unt:.; o f coarse c la s b c sed i ::nent . Di scharge fl u c t u a t ions 

occur in periglacia l areas b ecause o f seasonal a n d diurna l 

ternperRture variations . In semiarid environment s, i n t e n se 

sto rm s cause flash floods , p artly bec a u s e of the l a c k of 

Vc":;etation which would other.vise moderate t he rate o f run -off . 

Braided rive rs a.re not restricted t o the se environments , 

howevc~r. Rive r s wh ich drain y oung mo unta i n be l t s may br3id 

becaus e o f the large supply c f coarse e l astic d e tritus wl ~ ich 

U:ey r e c eive . I n :nos t of t hese cases~ se a s o na l snowme l t j_ n 

t.f:~ r>.ou.n ta in s ca."'.lses d j s c ha.rge £J. uc tuat ions of major p rop o r 

'.: ic!ls , P i v ers ~,.;h i e~ f 1ow t h r ough n re a s wb e.re large arn.ount ~ 
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of unconsolidated sand and gravel are present may braid. In 

this case, braiding is a response to the amount of coarse 

sediment supplied. 

Braiding, therefore, is apparently the result of the 

inability of a river to traTisport all or part of its load at 

lower stages. Channel division increases the ability o f a 

river to transport large amounts of bedlcad (I.e~pold e~ al, 

1964) . If the bedlaad transport rate of a braided streilln is 

(on the average) the same as the rate of sediment supply, then 

the stream may approach equi.libriur:1 whi.le maintaining a 

braided pattern . 

BR;.IDED RIVERS - TEE S'I'A'l.'E OF Ki~OWLEDGE 

Despite the fact that much is known about spe c ific 

braided streams, few generalities about them can be inferred 

a t the present time. Smith (1970) has shown that a proximal 

to distal trend from a gravelly to sandy bed exists in the 

Pl&tte River system. The grain size change is accompanied bv 

a change in bar type from longitudinal bars to foreset-type 

transverse bars. Boothroyd (1972) has extended the concept 

of this trend t o more proximal environments with s teeper 

slopes and coarser grain size s . Although in nature a con

tinuous gradation exists between the two types , sandy and 

pebbly systems will be treated sepa=ately here. 
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Pebbly Braided Streams 

This review of pebbly braided stream studies will be 

brief because many of these are not directly related to the 

subject of this thesis. The main part of the review will be 

presented in table form containing the important points or 

theme of each paper. After the ~able, the major trends i n the 

research will be discussed. 

I'Ji..BLE 1 

A REVIEW OF PEBBLY BRJ\IDED STREAM STUDIES 

Author Year Main Points or Th~me 

Leopold a.nd 1957 An excellent discussion of the 

Wolmari fundamental hydraulics and processes 

of braiding. Braiding results from 

a stremn becoming incompetent t o 

trans port part of its load . The 

lag deposi t formed becomes a 

nucleus for mid-channel bar growth . 

Doeglas 1962 An early description of two braided 

streams and some resulting strati

fication. Fluctuations in river 

stage were shown to be responsible 

f or the deposition of silts in 

cut-of f channels . 
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TABLE l (Continued ) 

Author Year Main Points or Theme 

Krigstrom 1962 A very good descriptive treatment 

of a bra i ded system which intro

duces the term spool bars. Many 

of the bar morphologies and pro

cesses described here appear in 

later studies. 

Fahnestock 1963 By time l apse photography, the very 

rapid sh i fting of sha llow channels 

in a steep proximal system was 

demonstrated. Antidune forms on 

the water surface were described 

from some channels. 

Ore 1963 Pebbly longitudinal bars were 

interpreted as resulting from the 

deposition of the coarsest bed load 

fraction. These bars had discon

tinuous horizontal 

internally. 

stratification 

William.s 

Rust 

and 19G9 A very complete description of a 

coarse grained braided sy s tem in 

ter~s of f acies from channel bottom 

to f J.oodpL::thi. 
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TABLE 

Author Year 

Smith 1970 

McDonald a n d 1 971 

Banerjee 

Rust 1972 

1 (Continued ) 

Main Points or Theme 

Pebbly braid bars were prese nt in 

the proximal portions of a braided 

river . The internal structure of 

a bar was crude paralle l stratif i

cation. 

Channels were des c ribed in terms 

of pools and riff le s. Regularly 

spaced r i dges of large clasts on 

the riffles were termed transverse 

r ibs , and interpreted as e q uilibrium 

bedforms. 

The internal structur es of pebbly 

braid bars were shown to consist 

of poorly defined horizontal strati

fi .cation. A hypothesis for bar 

development is advanced , involving 

accretion at the upstream end and 

eros ion at the downstream end, 

resulting in upstream migration. 
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Author 


Boothroyd 


Church 


Fahnestock 

and Bradley 

Bluck 

TABLE 1 {Continued) 

Year Main Points or Theme 

19 72 A well-illustrated study which 

incorporates description of ~he 

system, along with hydraulics of 

s ediment transport. Sedimentary 

structures are particula~ly well 

illustrated. 

1973 A hydraulic analysis and q uantita

tive description o f a braided 

system, but few real advances. 

1973 A contrast is drawn between a steep 

high energy braided stream with 

another on a lower slope subject 

to glacial breakout floods. In 

the former r iver, rapid lateral 

channel shifting occurs, but in 

the latter, change is slow at 

normal stages. 

19 7 ·1 A model i s presented for the lateral 

growth of a bar on the back of a 

riffle. An attempt is made to 

~nderstand the relationships between 

tars in a comp lex braided sys~em . 
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Author 

Gustavson 

Hein and 

Walker 

Boothroyd 

and Ashley 

Church and 

Gilbert 

TABLE l (Continued) 

Year Main Points or Theme 

1974 A descriptive treatment of a pebbly 

braided river. The internal 

stratification types of bars, pools, 

and riffles are do~urnented. 

in press A model is developed for the growth 

of some bars from di ff use gravel 

sheets. These ceased to move, 

becoming a lag deposit around 

which the bar grew. 

1975 Downstream changes in sediment 

size, bar morphology and processes 

are documented from a very proxim?..l 

outwash fan. 

1975 An extensive discussion of the 

hyd~aulics of braiding, along with 

a quantitative description of many 

aspects of braiding. 
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Much of t .he early work (Doeglas, Kr igstrom and 

Fahnestock) was directe d towards general description of 

pebbly braided strea~s. This is a necessary step in the 

investigation of any sedimentari environment. Leopold and 

Wolman's work was exceptional for its time, in that a hydraulic 

explanation for bra id ing was attempted . Little progress has 

been made along this line of research for at least fifteen 

years. 

Willi.urn s and Rus~ (1969} conti.nued the descriptive 

trend, but utilized a facies approach. Smith's work (1970) 

was essentially descriptive, but internal structures were 

investigated, unlike most earlier studies . 

After this point, few studi~s were directed towards 

a simple description of a braided system. Later work con

centrat2d on specific aspects such as transverse ribs 

(McDonald and Banerjee, 1971), or on developing models for 

bar growth (Rust, 1972; Smith, 1973; Hein and Walker, in press). 

JI.nether trend which v1as t a king place was an increase in 

hydraulic investigation (Church, 1972; Hein and Walker, in 

press; Boothroyd and Ashley, 1975). 

The trend of the research: can be surnrnarized as pro

ceeding from general description to concen tration on specific 

aspects while at thG sam2 t i me attempting to generalize from 

those specific aspects. 
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Sandy Braided ~treams 

Large sandy braided streams appear to be less common 

than pebbly systems; as a result, there is a smaller body of 

literature dealing ~ith them . In contrast to pebbly streams, 

sandy braided rivers are competent to transport most of their 

load at most discharges . Therefor e bra iding is not due to 

incompetency, but results from over-supply of sediment , i .e., 

incapacity (Coleman, 1969 ~ . Sandy braided streams, being more 

distal (Smith, 1970 ) corrmonly have lower slopes and less 

flashy discharges th~n pebbly systems. 

Because of the diversity of ~he types of sandv braided 

rivers reported in the literature; each will be reported 

separately. It is no~ yet possi~lc t o integrate all the data 

collected in the different studies into a coherent model. 

Some of the general <:::onclusions of Leopold and Wo lman 

(1957) are as applicable to sandy as to gravelly streams . The 

presence of a central bar, whether sand or gravel, causes the 

channel slopes to be greater than in the single channel case. 

The presenc8 of the bar also c auses erosional attack on the 

banks, promoti ng widening of the channel. 

Chien (1961) has reported on the lower Yellow River, 

a sa_--.dy to silty river in China with very high sediment con·

c entrations . Along its c ourse, the river alternately converges 

and dive rges. In the narrow reaches, it is deeper with few 

braid bais, i~ contras t to the wider reaches , where many 

http:sa_--.dy
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shallow channels and sandy braid bars are present. The 

narrow reaches result from clay plugs in the floodplain, 

unerodible cliffs, or river regulation work. Chien documents 

changes in locations of the channe ls , relating this to deposi

tion in one part of the system resulting in progress ive diver

sion of flow to lower parts of the river system . 

Brice (1 964) publj.shed air photos of the Loup River 

showing sandy diamond- shaped braid bars . He cor.c:Cnded that 

the effect of braiding on a wide cha nnel is to render it 

hydraulically si~i lar to a narrower single channel . 

Sandy transverse f oreset-type bars were described 

first by Ore (1963). Trenches in these bars r evealed planar 

cross-stratification with highly variable paleocurrent 

directions. 

The Brahmaputra River in Bangladesh is the largest 

sandy braided system yet studied (Coleman, 1969). By the use 

of air photos and extensive sampling, Coleman has analysed 

several hundred years of the river's history. This provides 

~he most complet e understanding yet a chieved of how braided 

river systems change through time, and therefore of the 

relationships between the active environment and the preserved 

deposits. 

~he river s h ows ~a teral expansions and contractions 

with mo st bra i~ bars present in ths wi der reaches. At low 

sta<:Jf~r; , t he ri.ver is choked by r;1m.:!~cid-· shaped sand and silt 

bars np to 11 ki!l long, but these arc commonly des troyed or 
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modified at flood stages. Scho sounding during high stages 

has revealed repetitive or period ic bedforms ranging in ampli

tude up to 15 m. Repetitive or periodic bedforms are those 

which recur several times in a downstream direction, in some 

c ases with a regular spacing. Coleman classified these on the 

basis of heigh ~ as ripples , megarippl~s , dunes o r sand waves. 

The class boundar i es were arbitrary , corresponding to no 

natural divisions. The floodbasins of ·the river accumulate 

up to 4 m of peat and fine mud , but it is unclear ._ow much of 

t his is likely to b e preserved . The sand body accumul2ting 

in the cha nne l nea r these overbank deposits is about 30 t o 50 m 

thick ~ so the proportion of floodplain materia l is very low , 

a common characteristic of braided systems . 

Collinson (1970 ) worked on the Tana River in Norway . 

The river deposits consist of: 1) vegetated banks and islands ; 

2) large areas of exposed sand which are complexes of smaller 

b edforms; 3) repetitive en-echelon linguoid bars which common l y 

have smaller bedforms superimposed on them ; 4 ) dune covered 

areas in the channels and on the backs of the linguoid bars; 

5) areas of low s t age ripples. Collinson observed that the 

linguoid bars were inactive at low stage, and because of their 

l a rge s ize, they diverted the flow around themse lves. During 

e.xpost:re, these bars WE~re common ly modified, with erosional 

rounding of the s li~face creating low angle surfaces. When 

the bars began to readvance during the next high stage, a 

rea~tivation structure wa s forffied . No Lydraulic research was 
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carried out in this study, so data is incomplete on the 

linguoid bars and the other bedforms in the river . Collinson 

(1~7la) showed thilt the smaller , low stage bedforms . possess 

a higher paleocurrent dispersion compared with the larger , 

high stage bedforms. A study of the river during the spring 

ice breakup revealed ice drag marks and scours created around 

gro unded ice blocks (Collinson, 197lb) . 

The Tana appears to be very much like the South 

Saskatchewan Rive r, judging from published air photos 

(Collinson, 1970). Specific parts of the Tana study will be 

referred to throughout this thesis . 

Smith (1970) showed that the Platte River is flrJored 

by transverse foreset-type bars and dunes in the channels. 

The transverse bars are wide, flat-topped , periodic or 

s o l itary wedges of sediment with ripples, dunes , diminished 

dunes , o r plane bed superimposed on their backs . Many of the 

solitary bars are localized by the geometry o f the situat~on , 

i . e ., at channel junctj_ons, while the repeti t ive forms and the 

solitary mid-channel forms are independent of the local geo

metry . The repetitive forms strongly resemble the linguoid 

bars 6f the Tana (Collinson , 1970) . Smith regards both the 

solitary and repetitive types to be the same , but this m3y not 

be true. This question will be dealt with more thoroughly 

in Ch6pter IV of this thesis. 

In a late r report on the same river system, Smith 

(19 7 l ) elabor2t.ed mere fnlly en the de\'elopment of transverse 

http:elabor2t.ed
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bars. He showed that they a. ssume d a .symmetric lobate shape 

where their development wa s unobstructed. Distortions of 

this shape were caused by: l) proximity to stable banks; 

2) adjacent strong currents; 3) unsteadiness of flow with dis

section of the bar; 4) irre~1lar b as in depth. Smith demon

strated that there is a relationship between the discharge 

over a bar and the active surface are a of the bar. If the 

total area of the bar exceeds the ~ctive area, the bar may 

become irregularly s haped due t o dissection. 

Smith (1972) also showed that the 1aminations in 

transverse bars were produced by the avalanching of small 

bedfor~s over the front of the bar . The sorti~g whi c h is 

respon~ible for the laminations takes place in these small 

bedforms on the top of the transverse bar. 

Few consistent trends can be discerned in the litera

ture on sandy braided streams, partly because of the small 

number of papers on the subject. One important advantage 

possessed by investigators of sandy systems is that the bed

forrns developed in sand are relatively well understood, c om

pared w~th those in gravel. This results mainly from 

experimental studies in which sand is almost always used 

(Gilbe:r:t. 1 1 914; Simons et al, 1965; Southard in Harms et a lf 

1975). 
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ltREAS OF I NSUFFICIENT KNOWLEDGE ABOUT SANDY BRAIDED STREAMS 

A f acies model is a summary of the important processes 

and deposits in a sedimentary environment. The formulation 

of a facies model is somewhat subjectivei and depends on the 

definit ion of the environment, the type of data collected, and 

the means by which the data a.r~ integrated. 

In order to . a dvance towards the development of a facies 

model for s a ndy braided rivers , it is necessary to under stand 

the processes and depos its of specific streams. As the litera

ture review has sho•1m , some sandy brc. ided rivers have bee n 

studied in de tail, but several areas of insufficient k~owledge 

remain . The major deficiencies arc: a) incoraplete definition 

of subenv ironments; b) inadequate understandin~ c~ major pro

cesse~ 7 c) a lack of knowledge concerning interactions between 

major elements in braided rivers; d) a degree of confusion 

about the types of bars in different systems; e) a shortage of 

data on the internal stratification of the deposits. Each of 

these areas of deficiency will be discussed individually. 

(a) Definition of Subenvironments 

To define adequately all of the subenvironments of a 

system, a detaJ.led description o f the entire system must be 

Esssntially only one report (Coleman, 1969) attempts to 

descri~e all the subenvironments of the river s y stem being 

studied. Other reports are selective, with little attention 

paid to majo. portio n s o f the systems. For examp le, the large 
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exposed areas of sand noted by Collinson (1 9 70} were never 

described. Smith (1 970 , 1971) did not describe t he floodplains 

of the Platte, even though these were mentioned. These 

exmn~les serve to illustrate that .another description of a 

sandy braided river wou ld no t be repet itive ; indeed , it will 

form part of the vital factual basis of the study. 

J_!?.)__J?_:,:_oc:esses in Sandy B_raldl:_.?- Strsams 

Although most of the stud ies c i ted in the literature 

review have contributed towards t he understanding of the pro

cesses in sandy braided rivers, many ga.ps in knowiedge remain. 

The processes which are responsible for building .large scale 

sand bodies preser!t in the Tana and Brahmaputra Ri'1ers are 

unknown . 

Some of this inadequacy stems from a single cause: 

great difficulty exists in observing processes when they are 

most eff icient, i.e., at flood stages. During these times, 

rates of erosion, transport and deposition may be very high, 

with the flow achieving its greatest ability to remould its 

bed. High fl ood stages on most braided rivers cover the b ars 

wi t h varying dspths of fast moving, turbid water, making 

direct obse rvation impos sible. Therefore, high stage processes 

co:H;lon ly must be i_nf:erred from observa t:ior.s before and after 
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(c) Interactions Between Major Elements in the Svstem 

It is not clear from the literature how major elements 

in th2 systems such as channels and bars interact with one 

another. This is important because the presence of pre-existing 

braid bars probably influences to a great extent \vhere 1:ew 

braih bars will begin to form in the channels . It is net 

clear whether a bar begins to grow in a previously widened 

area. or the formation of a new braid bar causes erosion of 

surrounding bars . 

The controls on the locations o f formation of braid 

bars have neve r been adequately docurne11ted in the literature . 

Chien (1961) and Coleman (1969) have both stated tnat hraid 

bars form in wider reaches where the streams shallow and 

expand l ateral ly. The effects of other majcr obstructions to 

quasi-uniform flow such as vegetated i sla.11ds , ma jor river 

bends, and bars stabilized by vegetation are unknown. 

_@_Ba~ Types 

Several d i fferent structures have been described as 

t he braid bars of the different systems . Coleman {1969) 

des:::::ciibed sand bars up to 11 kra long in the Brahmaputra; 

presumably these are complexes of smal ler structures. 

Co_1 . .Linson (19 70) deser ibed repe titive , sl ipface-bounded 

wedges of sediment in the channels of the Tana River , te rming 

them linguoid bars. He considered these to be the important 

braid bar s of the systera, ne3lecting the exposed sandy areas 
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which he termed ~edified linguoid bars . Smith (1970) des

cribed transverse bars, slipface-bounded wedges of sediment 

which may be either repetitive or non·-repetitive. Many of the 

non-repetitive forms are localized by the geometry o f the 

situation, i.e., at channel j unctions. The r epetitive or 

solitary r.iid-,cha.:rinel forms stro~gly ressmble Collinscm' i:. 

li.nyuoid bars. 

'l'he braid bars of e2.ch of the authors , even allowi ng 

for different t.erminolog:'...es r are di f: ferent structures. The 

relationships betwee n the types of bars in thE differen t 

systems are unkncwn. 

(e) Internal Stratif icaticn 

Although most investigators have reported some details 

of stratification, few systems have been thoroughly studied 

in this respect. A major reason for this is that the col

lection of stratification data is time-consuming, difficult 

and in some c ases virtually impossible, Box coring in deep, 

fast-moving water is impractical in most cases because of 

securing around the corer. However, channel sediments may 

be investigated if the b ox coring is done at periods of very 

low fJ.ows •.•il1ich ct.:.e present. in some systems. 

'I'he .strc:tificc:i.tion patterns of some small sandy braid 

bars are adequately know!1 (Smith , 1972). However, for the 

large, complex forms illustrated by Coleman (1969), little 

data exist. Collinson (197J) reported complex side bars 1 and 

large areas of PXDosed s3.r:d, but no ~~tratification date:. were 

reporh=:/'.. 
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THE PURPOSES OF THE STUDY 

General Purpose s 

This study was initiated after work on a Devonian sandy 

braided stream deposit (Cant. and Walker, 1976) showed that 

knowledge about this type of modern river was inadequate in 

some respects. Because of this stimulus, one of the basic 

purposes of the present study is to collect data to f acilitate 

the interpretation of ancient rocks. This is best ac complished 

by relating the processes in the river as closely as possible 

to the different facies of t h e deposits and their distribution . 

Another of the general purposes is to do cument a pre

viously undescribed sandy braided river so that it may be 

compared to others reported in the literature . Thi s is of 

interest because the variations in form and process among 

streams of this type are not understood. In particular, the 

variation in bar types between systems is poorly understood, 

so investigation of the bars and the reasons for their forma

tion is a prime purpose. 

These general objectives were apparent before any 

work was started. They arose from consideration of the state 

of knmvl<"!d.ge a.bout sandy braided streams and the inadequacies 

i n that ~no~ledge . 

http:knmvl<"!d.ge
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Speci_:f ic Purposes 

Reconnaissance of the South Saskatchewan River showed 

how the general purposes could be translated into specific 

goals for the day-to-day field work. 

Very large s a ndy bra:i..d bars are present in t his system . 

They wjll be termed sand flats to distinguish them from the 

transverse bars also present in the river. A major objective 

is to investigate t he controls o n the formation of these sand 

flats, t he me cLan i sm of t hei r forma tion, a nd their internal 

stratification and yesulti n g facies pa~terns . 

Because the sand flats fo~m initially i n t he channels, 

it is necessary to attempt to u nderstand the interactions 

between the sand flats and the channels. The morphologies of 

the channels and the bedforms in the channels were therefore 

investigated to attempt to discover where and why new sand 

flats formed . 

·rhe migratory bedforms in the system became another 

focus of investigation b e cause they cover the floors of the 

channels. This involved determining what types of bedforms 

are p resent, the range of hydraulic conditions under which 

each type is stable, whP.re each occurs in the system, how 

they r~:act to d.ifferent cond.i tions in the river, and the 

stra~ification res ulting f rom their presence. 

Another s pecific purpose was to attempt to determine 

the r eac tion of the bra.ided !;ystem to conditions which differ 
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mar~e<lly from the average state in which the river is 

commonly observed. Some of these conditions are : 1) high 

flood stage; 2) very low stage; 3) periods of ice cover; 

4) spring ice breakup. These events cause important c hanges 

in the system, and hence were investigated. 

It was towards these specific goals that the day-to

day f :Leld work was directed; the.re.fore, they served .as a 

fr<tme of refen~ncf~ for progress in the research. 

THE METHODOLOGY OF TRZ STUDY 

In attempting to f u lfill t~e purposes discussed , 

several different approaches were combined during t~c period 

of the fieldwork . 

After a general reconnaissance, it became clear that 

detailed observations of changes in the system were necessa~y 

to understand the development of the large sand flats . 

Because of the size of the river , the entire braided section 

could not be studied in great detai l : a reach t ypical of the 

braided section was there fo re chosen f or intensive study. 

Aerial and surface reconnaissance showed this 10 km long 

reach t~ be representative of the braided section . A very 

great f~fil iliarity with this s tudy reach was developed so that 

any changes could be detec~ed and under stood in terms of t he 

i ni tial conditions and the processes whi ch c a u sed the changes . 
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Soecif ic ~ethods 
-.::...L-·~~~~--~~~-

(a) Aerial Observation - In order to obtai n a l .arge 

scale view of the river, five flights ¥ere made over thTee 

s ummers , covering most of the braided section o r the .:-.-iver. 

This wus an efficient means of observing major variations 

along the river course in channel pattern, bar ~orphol~gy , and 

other large scale features . Aerial observations, there fore, 

acted to check that the sand flats ar,d chanr:els i 1vest.iga.ted 

i n detail were typical. 

(b) .MapplE.2_ - This was carried out on severa i di f

f erent scales. A summary map (on a very large scaJe) of 

virtually the entir2 braided re~ch cf the river was compiled 

from air photos. This map served to i l lu strat~ the shape of 

t he r iver , the deflection of the major channels , and the 

l arger areas of accurnulation of sand . 

On a smaller scale , a summary rnap o f the study reach 

was prepared by tracing air photos to make a base map , then 

drawing on this the present day sand flats . The resu lting 

map was accurate enough to use - in the investigation of the 

re l ationships between channels, sand f lat s , and islands. 

On a very local scale, sketch maps or pace and comp~ss 

maps we re made of individual sand flats . These were prepared 

to investigate sane flat morphologies, dist ribution of hect 

forms, and types of ?races~es whi~h for~cd each individuJJ. 

sand flat. Many of the san d flat .s \•i"C; Ye rerr,apped after l"d.gh 
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flood stages altered them. Because direct observation was 

impossible, comparison of the maps prepared before and after 

the flood events gave a better understanding of the high stage 

processes than would otherwise have been achieved. 

(c) Stakin~ - Directions and amounts of movement of 

migrating features such as bars were documented by staking 

and measuring. The processes which had been inferred from 

morphologie s were confirmed in some cases by th i s direct 

measurement. 

(d) Tren~hing and Boxcoring - Internal structures in 

the sand flats were investigated by digging trenches in 

selected locations. Where surface features were present , 

they were trenched to relate the surface expression to the 

resulting stratification . 

In water up to 75 cm deep, box cores were employed to 

examine the stratification. Different bedforms were boxcored 

to determine the stratification which resulted ·from their 

presence. 

(e) Bedform Measurement - The amplitude and ~avelengths 

of many bedforms were measured in an attempt to determine 

what types of bedforms were present , and the dimensional 

characteristics of each type. This was accomplished directly 

with a tape measure where the bedforms were exposed or in very 

shallow water:. In deep water , a R~ytheon DE 719 B depth 

sounder was employed . This 1 nst~urn2nt was capable of 

detecting bedforms as s mall a s 6 c m in amplitude . 
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{f) Bedform Dynamics - The dynamics of the bedforms 

in the system were investigated by measurement of depth vs. 

velocity profiles over clearly active bedforms. The current 

meter used was a Price-type AA meter . This was held in the 

flow on a graduated rod, most ly from an anchored boat. 

(g) Air Photos - In addition to everyday uses such as 

navigation and location recording, air photos were used to 

investigate the history of the system. Different sets of 

photos, ranging in time from 1954 to 1973 were compared to 

t race the development of the system to its present conf igu

ration. 

(h ) Compi lation of Government Dat~ - Large amounts of 

data have been collected from this river by the Department of 

the Environment of the Government of Canada, and the Ministry 

of Natural Resources 0f the Province of Saskatchewan. They 

have collected discharge data, suspended sediment data, and 

topographic data . Much of this has been published (Water 

Survey of Canada, 1965-1975), but some is available only from 

the agencies themselves. The Gcivernment discharge data has 

been supplemented by the installation by the author in the 

study reach of a continuous recording Stevens type A float 

recorder. ~his monitors short-term fluctuations not recorded 

e lsewhere . 
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Since 1963 , a prog ramme of surve yin g across the river 

at selected locations has b e en car ried out by the Federal and 

Provinci a l agencie s . The profiles me asured in different years 

at one locality can be compared to de termine whe ther the reach 

is aggLad ing o r deg rading. By comp i l ing the d a ta from several 

locations , it i s pos s ible to determine the o verall reg i me for 

a given reach over a 10-yea r period . This has been done f o r 

the stud y reac h . 

The k n m..;r ledge o r i nsight g a ine d from each o f t!-1ese 

methods of n~search has bee n comb ined t o attempt to f ulfill 

t he specific obj e ctives of the study. 

THE 	 MAJOR RES ULTS OF THE THES IS 

1. 	 In the South Saskatchewan River, the sandy bed is mo~lded 

into ripples 1 sand waves, dunes and bars . Dunes predomi

nate in the deeper channels, with r ipples and sand wave s 

in the higher parts. Bars occur in both areas. 

2. 	 The river has many large braid bar s or sand flats developed 

within it, along wi t h c hannels a veraging 3 m deep. Where 

the se cha nnels cu rve a round an area which is dominantly 

san~ f l ats , an o b lique cross-channel b a r is formed . 

3 . 	 New sa~d flats f orm on the se bars. A high area on the bar 

a c t s as th2 n ucleus, a ro un d which the remainde r of the 

sand f l at fo rms . The morp h o l o g ies of these small sand 

f l a t s depend o n the relative pos i tions o f o t her s and fl a ts 

and islands . 
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4 . Sand flats grow by bars accreting to them , a n d by bar s 

linking them together. The larg e st sand flats are very 

o ld , complex features . 

5 . The san d flats are .immobilized during the winter months 

because t h eir top layer of sediment is frozen . 

6. The facies sequence resulting from channel aggrada tion is 

dominantly trough crossbeds deposited by dunes. The 

sequence resulting from sand flat development rests on 

channel deposits, but is composed of planar crossbeds 

above these . Ji.11 gradations exist betwe er.. thP two types . 

7. Muddy vertical accretion floodplain deposi~s u p to . 5 m 

t hick cap all the seqi.lences . 
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THE SOUTH SASKATCHEWAN RIVER: THE SETTING OF THE S'l'GDY 

THE FIELD AREA. 

The South Saskatchewan River between Outlook and 

Saskatoon was chosen as the field area for the study (Fig . 1). 

This section of river was selected after a general reconnais 

sance because many large sandy braid bars are present wi thin 

it. In addition, t~:s reach a lso has the following advantages: 

1 ) large amounts of Government data on the hynrology and sedi

ments of the river are available; 2) the river is about the 

maximum size that could be studied with the available re:sources 

and it is large enough (up to l km wide) that the results of 

the study may be useful for the interp retation of ancient 

rocks; 3) roads in the area provide easy acce s s to the river. 

Withi n t his 80 km section of river , a 10 km reach 

near Outlook (Fig. l ) was chosen as the primary study reach 

where detailed observations were t o be made. This reach was 

chosen after surface and aeria l r econnaissance showed it to 

be typical of the braided portion of the river . 

Since 1965, the river h as been controlled by the 

Ga r diner Dam, about 25 km upstream f rom the study reach (Fig. 1). 

The pres2nc e of this dam ha s affected the hydrology and t he 
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sediments of the river to some extent. The results of this 

alteration of the natural system will be di s cussed later in 

t his chapter. 

GENERAL DESCRIPTION OF THE RIVER 

The South Saskatchewan River near Outlook flows north

ward in a valley averaging 0.6 km in width, incised about 30 rn 

into the surrounding plain. The river has an average slope 

of . 0003. It is straight to i r regularly curving through most 

o f the fiel d area, but wi thin 25 km of Saskatoon, the valley 

widens and the river swings into a series of irregular 

meanders {Fig. l and map at the end of the thesis ). The 

sinuosity of this reach is about 1.8. Mariy large mea~der 

s c ars and two oxbow lakes exist in the floodplain developed 

alongside this stretch of river . 

The river system consists of the following geomorphic 

units: 1 ) vegetated floodplains; 2 ) vegetated islands; 

3) c hannels; 4) very large sandy braid bars. These are i llus

trated in Fig. 2 . 

(a) Floodplains and Isl ands 

The vege t ated floodplains are poorly developed where 

the valley is narrow , but small areas of floodplain occur in 

many places the whole length of the river. The islands are 

v ery similar to the floodplains; some islands, in fact, result 

from tle dissection of these. 



FIG. 1. 	 Map showing the location of the fie l d area in central 

Saskatchewan. In the inset , Saskatoo n is marked with an S. 

The position of Saskatoon is S2°7 1 N, 106°40'W. The study 

reach is the location of the intensive work . 
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FIG. 2. 	 An oblique air photo in which a floodplain (bottom), 

a vegetated island (centre) , channels and sand 

flats (top) are shown. Flow is to the left. 

The island is also shown in Fig. 38. 
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The tops of islands and floodplains are covered by 

grasse s, willow bushes and , in some cases, large tre8s. Both 

these types of r:i.ajo:i:· elements i n the river stand 2.bout 1 to 2 m 

above the level of the sandy braid bars . Eroded banks of both 

islands and floodplains show alluvial sand ove rlain by as much 

as 1 m of mud and silt. These fine-grained sediments were 

laid down as vertical accretion depo s its (Appendix 2) . In a 

few localities , aeolian dunes are present on fl.oodplains and 

islands . 

(b ) Chanr.els 
------·~---

The active river tract corrunonly rns cni::: or two major 

channels and several minor channels at o ne l o cal ity. The 

major channels range in depth up to 5 m below the level of 

adjacent braid bars and may be up to 150 m wide. Sevei:u.l of 

these are shown in Fig. 3, a t ypical topographic cross-profile 

of the river . The major channels generally f low in a direction 

close to the valley slope, but curve in places, crossing th2 

river system diagonally. By making r andom measurements of the 

directions of majo~ channels on air photos, i t has been esta 

blished that the average deviation from the downvalley 

.•~direction l o.:> 13°, and that 90 % of the measured c hannel direc

tions are encompassed by a 60° wide zone. The directions of 

minor cham~~~1s (t.h.ose which cut a c ross braid bars ) show c on

sider~~ly more dispersion , but are of sec ondary importance 

becaus 6 they r~rely exceed 1.25 m i n depth. 
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The channels are floored by a variety of migratory 

bedforms which will be discussed in detail in Chapter IV. 

Also in the channels , many transverse (foreset-type) bars 

similar to those reported by Smith (1971} are present. These 

range in height from a few cm to 3 m, and in many cases span 

the whole widths of the channels. To avoid confusion between 

these and the larg2 braid bars, the latter will be termed sand 

flats. 

(c) Sand Flo.ts 

The s and flats are large complex deoositional struc

tures which ra.nge in length from 50 m to 2 km (Fig. 2) • Their 

shapes are highly variable , but all are elongated parallel to 

the river to some extent. The sand flats arc covered by small 

migratory bedforms (Fig. 4), or after a high stage, by largs 

transverse bars, but become dried out and wind eroded after 

several months of exposure . Sand flats are complexes of 

smaller features, and are comparable in scale and in importance 

to the point bars of meandering streams. They can be regarded 

as resulting from the geomorphic regime of the river and are 

relatively insensitive to short term hydrodynamic variat .L:ms. 

They will be d iscussed in detail in Chapter VI. 

( d~e~~ment ·Type, Texture and .M ineralogy 

'l'he sedim,~nt in the river is dominantly medium or fine 

sand wi.t:O. a!""'. aveY.a.ge diameter of 0 . 3 mm . Al though no intensive 

investiqaLion of the textures of the s ediments has been made, 

http:aveY.a.ge
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FIG . 3. A cross-profile of the river done in 1970. The location of the section is 

marked on Fig . 13(a ) . Between the time of the survey and the air photo 

(1971), so~e c h anges had occurr2d. However, the island , sand flats and w 

major c hanne l are all identifiablA . 
i.V 
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FIG. 4 . A typical assemblage of bedforms on the top of a 

sand f lat. These are sand waves and ripples 

(Chapter IV). Flow is towards the camera. 
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a nurnber of samples were collected and analyzed by sieving. 

The data derived from these samples are presented in Appendix 

1. The sands have a mean diameter of 1.55 phi and sorting o f 

.88 (Fo lk and Ward statistics) , i.e., moderately well sorted. 

Individual samples range from poorly sorted to well sorted, 

depending on the local environment from which they were taken. 

Some silts and muds exist in the system, deposited in quiet 

areas in the lees of sand flats, or as vertical accretion 

deposits on floodplains and ialands. In a few places where 

the river cuts into the val.ley wall , some very coarse sediment 

is present , ranging up to boulder size. 

The sand is composed mainly of quartz, feldspar, 

hornblende and sedimentary rock fragments. Locally, concen

trations of heavy minerals (magnetite and garnet) occur. No 

detailed study of the mineralogy has been unde rtaken . The 

mineralogy noted above seems compatible with the local 

Pleistocene deposits being a major sedimen t source. Some of 

the grains , particularly the sedimentary rock fragments, are 

supplied by the local outcrops of Bearpaw Shale (section on 

Geology, thj.s chapter). Before construction of the dam, sedi

ment was being transported from the mountains of Alberta , and 

this source is undoubtedly represented in the river sediments 

at present. 
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THE CLIMATE OF THE REGION 


The climate of central Saskatchewan is a typical con

tinental climate .. with cold winters, warm summers and re la

tively little precipitation. The monthly averages of temperature 

and precipitation are shown in Fig. 5. Wide variations from 

the average values of both parameters occur, however. For 

example, the range of temperatures recorded is from -49° to 

40°c, and the rr,aximwn precipitation recorded in one day may 

exceed the monthly average. 

The low temperatures in the winter cause the river to 

freeze from November to April in most years, but periods of 

open water may occur during thaws. The effects of the ice 

cover and its breakup in the spri~g are discussed in detail 

in Chapter VII. 

The low rates of precipitation during the winter 

months do not allow large amounts of snow to accwnulate in 

the local area. Because of this, snowmelt does not provide 

large quantities of water most years when the temperature 

in the area rises above freezing and the river ice softens. 

The climate of the area is one of the major external 

controls on the sedimentary processes in the river. 

THE HYDROLOGY OF THE RIVER 

Figurer-; 6 , 7, 8 and 9 summarize mo st of the important 

hydrologic data which was compiled from publications and 

unpubli shed repo~ts of the Water Survey of Canada (1965-1975) 



F I G. 5. 	 Graphs of mean monthly temperature and 

prec ipitation for Saska~oon . (From 

unpublished Department of the Environment 

Data over 1 5 years.) 

• I 
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and the Saskatchewan Department of the Environment. The 

following data a re important: 

Long term (1912-1975) average discharge = 275 m3/sec 

3
Estimated bankfull discharge = 1270 m /sec 

Maximum recorded discharge = 4190 m3/sec 

Figur e 6 shows the wide variation in the peak flood 

discharge, a nd a smaller, but also significant variatio~ in 

the yearly mean discharge, indicating that flow conditions in 

the rive r differ markedly from year to year . This fact must 

be c onsidered in t he development of a ny generali zed model of 

river sedimentation. Several periods of higher than average 

discharges, both n~an and maximum (e.g ., 195 0-1955 ), and 

others of below average discharges (e.g., 1933-1937) can be 

discerned in Fig. 6 . These are related to climatic fluctua

tion. This variation in discharge may have had effects en the 

river, but no method exists to investigate the history of the 

river before the first set of available air photos (1954) . 

Changes in river morphology due to climatic variation have 

been discussed by Schumm (1969) , but the degree of the varia

tions and the length of time of the variations were much 

greater than those shown in Fig. 6. 

Figure 7 is a graph of discharge vs. recurrence inter

v al . This shows that bankfull discharge recurs about every 

2 . 1 years, a figure similar to those reported for many other 

rivE:rs (L0opo.ld et al , 1964). 

http:L0opo.ld


FIG. 6. 	 A graph of the mean (lower line) and maximum (upper line) annual discharges 

for 1912 - 1975. The horizontal line indicates bankfull discharge. Note 

the large variation in maximum discharge. 
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Figure 8 shows the variation in average monthly dis

charge throughout the year, before and after the dam was built. 

In the natural state, the major discharge peak occurred in 

June most years, but varied from late April to early July. 

This peak i.s caused by snowmel t in the mountainous hea.dwa ters 

of the system, and increased precipitation in the drainage 

basin at that time of year. The alteration of the average 

monthly discharges shown by the two curves will be discussed 

fully later in this chapter. 

Figure 9 shows the discharges during the period of 

this study . The river was cbserved in all stages from very 

low (85 rn 
3/sec) to a flood stage (1812 m3/sec ) significantly 

above bankfull discharge. This high discharge recurs about 

every 4.5 years; therefore, it is a typical flood event in 

the river (Fig. 6). Very high flood discharges were not 

observed during t he fieldwork, with the result that their 

effects on the river are unknown. 

GEOLOGY OF THE AREA 

Bedrock Geology 

The valley of the South Saskatchewan River is cut 

into the Bearpaw Shale and the underlying Belly River Sandstone. 

The latt er i s a buff , fine-grained, friable sandstone of Upper 

Cre taceous ase (Scott, 1961) . It crops out on the valley wal l 

near Outlook where large concretions are present , ranging up 

to 2.5 min d iameter and containing marine fossils. The 



FIG. 7. 	 A graph of discharge vs. recurrence interval (for data 

on Fig. 6). Bankfull discharge has a recurrence interval 

of 2.1 years and is indicated on the graph. 
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RECURREN CE INTERVAL vs. DISCHARGE 

(logarithmic scale) 
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FIG. 8. 	 Average monthly discharges before and after the dam. 

Note the increase in the winter months and the decrease 

in the summer. 

The data covers the period 1912 - 1975. 
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FIG. 9. 	 The discharges during the period of field work. Note the flood peaks in 

June 1974 and 1975. 

The graph shows mean daily discharges. The figure on page 40 for minimum 

discharge refers to the lowest instantaneous discharge. 
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overlying Bearpaw Shale is a dark grey marine shale, also of 

Upper Cretaceous Age. Because the formation is uncernented 

and contains up to 80% montmorillonite, it is very soft and 

erodible (Pollock, 1962) . It is virtually flat lying, without 

major structures, except along the river valley, where rotated 

slump blocks occur. 

The bedrock geology is of significance because the two 

formations supply some sediment to the river, and because 

their soft, friable characteristics al lowed the river to cut 

into them. 

Surf icial Geology 

'l'he surf icial (Pleist:ocene and Recent .Jeposi ts of the 

area are dominantly of t hree kinds: 1) sandy to gravelly tills 

deposited as various t ypes of moraines; 2) lacustrin8 silts, 

clays and minor sands; 3) aeolian deposits resulting from 

deflation of the other types (Scott, 1961). A few major 

Pleistocene spillways now filled by alluvial sands and gravels 

are also present. 

These surf icial deposits are believed to supply a 

large proportion of the sediment in the river. A map of the 

distribution of the different types of these deposits in the 

area i~ given by Scott (1961) . No correlation between the 

type of surficial de posit a n d any characteristic of the river 

in the loca l area ha s been f ound. 
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The Geologic History of the River S¥stem 

In western Saskatchewan, the river follows a pre

glacial drainage channel, but in the study area the original 

valley is believed to result from erosion by rneltwater flow

ing along a stagnant ice front (Pollock, 1962). Because flow 

to the north was blocked by ice, this channel drained south

ward through the Qu'Appelle Valley. After the ics disappeared, 

the rive r began to flow northward, deepening the valley to i ts 

maximum (about 60 m). At this time, much rct at.ion3.l sli_unping 

of till and shale into the valley occurred because of the 

i1wreased height of the valley wall. 

Si.nee this episode of downcutting 2.nd s1ur:rping at the 

end of the Pleistocene, the river has been continuously 

depositing, aggrading about 30 m as a result. Test borings 

into the alluvium in the valley showed it to be mainly sand, 

but with some clay-rich zones and minor gravelly zones (Pollock , 

1962). 

HYDRAULIC GEOMETRY 

The hydraulic geometry of a river system consists of 

the relationships between discharge and the following: 1) mean 

depth; 2) width; 3) area; 4) mean velocity. The way in which 

these pRrameters change with the discharge is an important 

cha1·acteristic cf the river system which affects the sediments 

to a great extent. ~his is because the depth and velocity of 

t he flow are important variables which control sed iment pro

perties such as bedform deve lopment and sediment disch~rge. 
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Stage-Discharge Relationship 

Figure 10 shows the relationship between river discharge 

and the height of the water level in the study reach near 

Outlook. The relationship is essentially composed of two 

3
straight line segments with the break at about 230 m /sec. 

Below this discharge, the slope o f the line is steeper, ~ndi-

eating that for a given increase in discharge, the staga rises 

relatively higher . The discontinuity occurs at the stage 

height where the sand flats become inundated. Above this dis

charge , the line is much flatter because of the greatly 

increased width of the flow. 

Discontinuous rating curves for many river s are caused 

by changes in friction values which occur when bedforms on 

the river bottom change to plane bed. It should be emphas i zed 

that the discontinuity in the rating curve for the South 

Saskatchewan River is not due to this factor. A second dis

continuity in the curve would . be expected if the bedforms in 

the channel changed to plane bed, but no data exist for 

discharges high enough to cause this. 

Other Parameters 

Mean dept h, width, area and mean velocity of flow are 

shown as functicns of discharge in Fig. 11. This figure is 

based on data supplied by the Water Survey of Canada for a 

cross-section a few km south of tl1e meandering reach. This 

location is marked on the large scale map at the back of this 



FIG. 10. 	 A graph of stage height vs. discharge. The reason for the change in slope is 

discussed in the text. 

Bankfull discharge (1270 m3/sec) occurs at a stage height of about 190 cm. 
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FIG. 11. 	 The hydraulic geometry of the river. The width, depth and area of the flow 

increase faster than the mean velocity. 

The apparent drop in velocity at 800 m3/sec probably results from the large 

increase in width and area of the flow. 
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thesis (R 51). Figure 11 shows that mean depth , width , and 

area of flow all increase faster than the mean velocity. Over 

a very large range, any increase in disch arge is taken up by 

the area of the flow expanding, rather than by a r apid rise 

i n mean veloc i t y . 

Although mean velocity give s no information about 

local high velocities in the channels , the figure serves to 

illus trate tha t very high d i scharges must be present before 

extremely high v e lociti e s occur. 

1rHE EFFECTS OF THE DAM 

The river h a s b een controlled since 1967 by t he 

Gardiner Dam, some 25 km upstream from the study reach (Fig . 1). 

Leopold et a!_ (1 964 ) have d i scussed the effects of darns on 

many different rivers, showing that darns c hange the hydroloc; ir; 

regimes of these rivers and cut off sediment transport, 

resulting in downst re am degradation . In the long term, the 

South Saskatchewan will react in a similar manne r . The ques

t ion to be considered in this section o f the thesis is whether 

the changes caused by the dam have already affected the sedi

ments of the study reach so much that this r each can no longer 

be conside red representative of the natura l system . Th is 

que s ~ io11 c an be an swe red to some exte nt b y a) consideration 

of hydrol0gic recor d s , bl c ompa rison o f air photos taken before 

a nd af t e r t he dam , c) compar ison o f bed elevation profiles 

surveyed p0rio~i cally since 19 6 4 by th e Wa ter Survey of Cana da 

and Sa ska.tche\:an 1Jepartment o f ·:.112 Env ironment . 
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Hydrologic Effects 

Because the main purpose of a dam is to store water, 

the hydrologic regime of the downstream reach is changed to 

a great e xtent. In the South Saskatchewan River, the yearly 

discharge pattern has been altered, with lower peak fl ows and 

much higher flows under the ice during the winter months 

(Fig. 8). rrhe average discharges during the surruner rr.onths 

are lower than they were in the pre-dam era. Thi s resul t s in 

lower sediment transport rates than would have been the case 

before the darn. However , because most of the ma jor (::ler.1ents 

in the system (the larger channels, the sand flats, the 

islands} react only to high di~charges (see Chapters V and VI), 

this lowering of the average sediment transport rate probably 

has had little impact on these large geomorphic units. 

The increased discharge during the winter months under 

the ice (Fig. 8} affects the system because the flow is more 

constricted by the presence of the ice. These special effects 

will be discussed in detail in Chapter VII. 

In the period 1967 - 1975, only two floods exceeded 

bankfull discharge (Fig. 6). This is fewer than would be 

expected if the dam we re not present because the recurrence 

interval o f this discharge is about 2.1 years. However, the 

occurrence of floods greater than bankfull in the pre-dam era 

(Fig . 6) was highly irregular , with periods of up to 8 years 

(1955 - 1963) in which none occurred. 
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The maximum discharge has been reduced most years by 

3the dam. The peak discharge during t he 1975 flood (1812 m /sec) 

was reduced from 2800 m3/sec which flowed into the reservoir. 

This reduction in number and maximum size of flood 

peaks has reduced the transpo rting capacity of the river to 

some extent. The 1975 flood, however, was greater than the 

mean annual flood of 1450 m3/sec, so it can be considered 

representative of flood events in the river. 

Changing demand for power generation throughout the 

day has res u lted in discharges being v a ri ed on a daily basis . 

This fluctua tion is superimposed on the longer term variation . 

This is illustrated by Fig. 12, a stage recorder record wade 

i n the study reach . This daily fluctuation in s tage height 

3o ccurs only at low discharges (less than about 230 m /sec) 

when the sand flats are exposed. At higher discharges, pre

sumably, enough power is generated at all times to meet oeak 

demand . Because the variation is limited to low stages, i"!::. 

has little effect on the major structures of the river , but 

has many minor results. Some of these are: 1) fall i ng water 

marks are coITmon on bar fronts; 2) runoff ripples are present 

in the troughs of higher stage bedforms; 3) sediment transport 

is intermittent down some minor channels; 4) in some cases, 

the bedform type is indetenninate due to superimposed and non-

equilibrium forms. 



FIG. 12. A tracing of the stage record~r record during the period 

7:30 p.rn. August 8 to 7:00 p.m. August 11, 1975. 

The mean discharge is 122 rn3/sec. 
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Comparison of Air Photos 

Two air photos, one taken in 1967 and one in 1971, 

showing the same reach, are presented in Fig. 13. From these, 

it can be s een that some shifting in the positions of channels 

and sand flats has occurred. However, little change can be 

seen in the type and relative abundance of the major elements 

in the system. Examples of each of these major structures 

are labelled on the photos for direct comparison. 

Figure 14 is an air photo of the river taken in July, 

1959, when the river wa s much higher than in Figures 13a or 

13b. In this older photo, one of the major differences which 

is appa r e nt is the turbid nature of the water. The suspended 

sediment concentration was lowered by 4/5 by the creation of 

the res e rvoir. Before the dam, at hankfull flow, the sus

pended s e dimGnt conce ntration was about 1.5 gm/litre. After 

the construction of the dam, the concentration was .3 gm/litre 

for the same discharge (Water Survey of Canada , 1965-1975). 

The major elements in the river, however, are very similar to 

those ide ntified in Fig. 13. They are again labelled by 

numbers. 

Governme nt Profile Data 

Since 1964, selected profiles across the river have 

been repe ate d l y surveyed at irregular time intervals by the 

Federal and Provincial Government agencies. They have issued 

periodic proj e ct r eports wh i ch include the data obtained from 



FIG. 13 . 	 Two air photos of the same reach . Photo (a) 

taken in 1971 and photo (b ) in 1967, with the 

disch~rges 86 and 47 m3/sec respectively. 

Shifting of channels has occurred , but some 

similarity in pattern is present. Y - Z 

shows the location of the cross-profile in 

Fig. 3. The numbers are referred to in Fig. 14. 

(Photo (a) is 154.) 
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( a ) 

(b) 
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FIG. 14. 	 An older air photo taken in 1959. The stage is 

higher than in Fig. 13 and the water is extremely 

turbid. The numbers refer to (1) sand flat, 

(2) cross-channel bar, (3) vegetated island, 

(4) channel, (5) new sand flat nucleus, (6) large 

bedforms. These can be compared with the features 

numbered the same on 1971 photos in Fig. 13(a), 

38 (a) • 
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these surveys (Wate r Resource s Branch, Department of the 

Environment and Saskatchewan Department of the Environment , 

1969 - 1973). These profiles have been analyzed in an attempt 

to determine whether these reaches have aggraded or degraded . 

Two different methods have b een used to do this : 1) comparison 

of elevations of the beds of major channels; 2) co"npari:::on of 

total amounts of sediment at a cross-section . 

1) Channel Bed Elevations - Re connaissance of the 

river irmnedia.tely downstream of the dam showed ':~ha t .i.t 

appeared to be downcutting. The major channel was incised 

and eroding laterally into sand flats . The degradation , 

therefore , was not occurring uniformly over t he entire width 

of the river, but was proceeding by incision of the major 

channel. It is believed , therefore, that comparisons of the 

minimum e l evations of profiles made at the same location but 

in different years will detect any degradation whic h has 

taken place. Al l the raw data for this comparison are g iven 

in Table 2. Each range (survey site) is identified by a 

nurnber which is the distance in miles measured downr iver 

bet.ween it and the dam . Because the Government agenc i es 

invohr•2d are usi.ng these mileages to designate the ranges, it 

was decided to leave th~ distance in miles in order to a void 

confusion . For refere nce, the upstream end of the study reach 

is between ranges 14.7 and 1 7 .4. The ranges are located on 

the map at the back of the thesis . 



TABLE 2-
nm ELEVl'..TlONS OE THE BEI}S QF MAJOR CHP...NNE-LS (in metres above sea leveJ) 

Range- 1964 1965 1966 1 96 7 1968 1969 1970 1971 1972 1973 

1 . 0 497 . 8 497 . 4 497 . 8 497 .0 496.6 496 .3 496 .4 
" ~ L. ~ i 498 .1 497 .7 497 .5 497.0 496.7 
5 . 0 496.5 494 . 8 496.6 495.2 495 . 6 496.l ,jOC: '7 

.!.-'-' • ' 496 .2 496.6 496 .6 
7_5 493.9 493.6 493.2 494.l 
8.0 495.3 495 . 4 495.2 495 .3 495.3 495 .3 495 .l 494 . 9 494 .5 

10 . 0 494. 7 493.9 493 .2 493 .8 
~-2. 0 493.2 493.5 494.2 492. 7 493 . 3 493 . 4 
14.7 492 . 3 491. 5 492 .1 491. l 491. 7 
17.4 491. 0 490.9 487.1 489 . 6 491. 0 49 1. 0 491 . 0 
21. 0 489 . 2 489 . 6 487.9 489.3 489 . 9 
26.0 487 . 8 488 . 2 488.4 488 . 6 487 . 6 
30.2 485 . 4 486.1 486 .7 486 . 8 
33 .0 485 .6 485 . 5 485.3 485.1 485.4 
36 .0 483 . 9 483.3 483.8 484 . 4 483 . 8 
41. 0 481. 8 482 . 4 481. 9 
43 . 8 481. 7 481. 2 481. 4 
I! 7 • 0 487 . 9 479 . 2 479 .8 479.7 480.3 479.3 483.7 479.5 479.7 
51. 0 476.4 477 . 0 477 .2 177.0 
54.0 4.77.4 475.6 476.5 476.6 176 . 0 
55.5 476 . 9 476.6 
59.1 473 .2 474.7 
62 , 2 474. 1 473 .3 474.3 474.6 474.6 
63.3 472.5 472 . 8 473.8 473.4 
64 . 5 472.6 4 71. l 473.2 
7 0 .0 4 7 l. l 4 71. 6 471.1 472.1 4 71. 2 
71. 5 471. 4 4 70 .4 4 71. 2 471. 2 4 71. 4 469.6 4 71. 4 471. 6 4 71. 7 

U1 
-....) 
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Inspection of Table 2 reveals that the bed elevations 

in most ranges are highly variable from year to year, pre

sumably as a result of shifting channels and bars . However, 

the data from ranges 1.0, 2.7, and possibly 8.0 show trends 

indicating incision of the channel . 

The ranges in the study reach {17. 4 , 21. 0) show no 

clear trend towards downcutting. This is a good indication 

that the presence o f the dam had not caused major amounts of 

incision at the time of the study . 

2} •rotal__ Ar..ounts of_ ·- The t.ot nJ. ai'lotmt. of_.,..,.__ "_______ Sediment 

sedim"-~nt at a cross-section was obtained by mec.sun.ng the 

area on a profile above an arbitrary datum. This was done by 

2planimeter which was accurat e to about 15 m . By using the 

same arbitrary datum, the change in the total amount of sedi

ment b e t ween successive profiles was obtained. 

This method was applied to profiles crossing the 

intensive study reach. The raw data is presented in Table 3. 

The net changes in all cases are less than the variations 

recorded over the sing l e year intervals. Inspection of the 

profiles reveals that the change s are due, in most cases, to 

lateral bar growth or erosion , with little consistent change 

across the sntire width of the profile. 

http:mec.sun.ng
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TABLE 3 

CHANGES I~ TOTA!, AREA BELOW SUCCES SIVE PROFILES 

REACH 17.4 

Year gh~!:ge in area frcr~_Ee~_ious survey (m2) 

1965 


1967 -431 


1969 +3 49 


1970 +149 


1971 - 52 


1972 + S2 


1973 - 45 


m2Net change 1965 - 1973 -- + 22 

REACH 21. 0 - ·---
196 4 


1965 +164 


1966 - 45 


1969 8 


1970 -134 


Net change 1964 - 1970 = - 23 m2 

REACH 26.0 

1965 -·222 


19 66 -290 


1969 +691 


1 970 


2Net chanye - + 179 m 

'") 

l :::;Accuracy est i mated t.o be + _,_..,... m .:.. -· 
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This conclusion regarding the lack of major amounts 

of degradation in the study area contradicts a Government 

report (Saskatchewan-Nelson Basin Board, 1972), which pre

dieted rapid degradation in the field area. However, this 

predic t ion is based on regime theo r y , an ewcir ical set of 

equations developed for meandering canals i n the Indian sub

continent (Blench, 1963). It is doubtful whether these 

equations may be applied with any degree of certainty to a 

braided river. The report cited above actually denies the 

presence o f braided rivers in the Sa ~k atchewan River basin . 

In another section of that report, a s ed iment dis

charge rating curve for the study rea~h is given . This curve 

is based on the theory of bedload discharge (Einstein, 1942; 

Colby, 1964), rather than actual measurement. Therefore, the 

accuracy of the curve is somewhat questionable because of the 

difficulty of applying the theoretical concepts to a complex 

braided river. However, by using the rating curve and the 

recorded discharges, the total sediment discharge between 

the clos ing of the dam and the initiation of this study can 

6 3be calculated . This is found to be about 3 x 10 m of 

sediment (assuming 30 % porosity) . 

From this , t he depth o f degradation may be calculated 

if the area undergoing degr adation is known. If the down-· 

cutting take s place ov er the whole width of the river, the 

m.::.ximu!!l degradaticn i n the st"..1c1y reach would be about .1 m, 
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and if the main channel only (100 m wide) is considered to 

incise, the degradation would be about .6 m. This calculation 

considered different total lengths of degradation, but with 

the volume fixed. 

The actual amount of degradation probably lies between 

these extremes. Winter conditions may cause the maj.n c hannel 

to incise (see Chapter VII ), but discharges greater than 

250 m3/sec caus8 sediment transport on the sand flats, and 

allow redistribution of sand from the flats to the channels. 

This depth of degradatio~ probably has had little 

effect on the ma jor elements in the system because they are 

larger than the , l to .6 m estimate. 

The Effects o f the Dam: Conclusions 

The dam has markedly affected the discharge regime by 

reducing the number and size of high flood stages, thus 

reducing the sediment transporting capacity of the river. In 

spite of this, a typical flood event which closely approached 

those of the pre-dam era occurred during the period of the 

study. 

The increased discharge during the winter months is 

constrict0d by the ice cover. This may cause erosion of the 

channel bed. This special effect will be considered fully 

in Chapter VII. 

The daily stage fluctuations h ave nc important effects 

on the sys tem because they occ~r only at low flows. 
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Consideration of different sets of air photos show 

that the types of the maj or elements in the system have not 

changed since the dam was built. A reduction in the arnount 

of suspended sediment is evident, but this would have little 

effect on the major elements of the system. 

The cross-profiles of the river show that wh ile the 

major channel near the dam is incising, this has not yet 

affected to any great extent the area where this study was 

made. Variations in the amount of sediment at a particular 

location are due more to channel and bar shif t ing than to 

degradation. 

The presence of the dam has had some effects which 

benef i tted this study. The reduction in the amount of !.~us· · 

pended sediment allowed direct observation of channel beds 

and the bedforms on these at most stages. The very low dis

charges in late summe r caused by the dam allowed deeper 

trenching and box coring than would have otherwise been 

possible. 

It can be concluded that the dam has not had enough 

effects on the study reach to render it very different from 

the natural case. 



CHAPTER III 

THE LARGE SCALE GEOMORPHIC ELEMENTS AND THEIR ORGANIZATION 

INTRODUCTION 

In meandering rivers , there exists a. clear q1antifiable 

organization of ch2nnels and point bars . This organization 

has been described in terms of a_ series of !!On-linear empirical 

equat ions relat::_nq meander length, amplitude r radius of curva

ture and chan~el width (Leopold et ~!r 19 64 ) . Sch:.imrn (1969) 

has shown that the type of sediment load, parcicul~rly the 

amount of s2- 1t and clay, affects these rela·i:icmships. 

~ In braided rivers, however, no organization of this 

type has been recognized previous ly. In this chap ter, the 

South Saskatchewan River will be considered on a large scale 

so that the major geomorphic elements and their organization 

may be understood. The map of the river at the back of the 

thesis illustrates this scale. 

The organization of the river system reported in this 

chapter provides the basis for understanding the context of 

the individual e:; .. .;:nents discussed in later chapters a.nd how 

~hese elements relate to one another. These r elationships are 

presented 3ia grammatical ly in the form of a con ceptual :f :ce<me

work for the river system. 
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THE LARGE SCALE GEOMORPHIC ELEMENTS 

(a) Sand Flat Comp lexes 

Many areas exist in the river where extensive sand 

bodies have accumulated. In some cases, these areas consist 

of one very large sand flat, but in other cases they are com

posed of more than one sand flat with intervening minor 

channels (Fig. 15). The minor channels are shallow, not 

exceeding 1.25 m in depth below the level of the nearby sand 

flats. The largest of these depositional areas, terme d sand 

flat complexes , range in length up to 5 km . 

The map at the back of the thesis shows the locations 

of thes e sand flat complexes in the river. This nap shows 

that they do not occur with any pattern or r eqill arity. Scme 

are attached to the banks , whereas others are present in the 

middle of the river. No consistency in the size or spacing 

of these complexes has been detected. 

(b) Major Channels 

At any locality in the river, only one or two major 

channels are present. These channels flow around, beside and 

between the sand flat complexes. They wander irregularly 

throug~ the river sys tem with no apparent patter~ (See map at 

back o f +.:hE:sis.) Although the major channels cross from one 

bank to the other in many places, they do not appear to be 

meandering within the s ystem. They may have sand flats and 

bars developed within them, hut only in localized areas. 
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(c) Cross-Channel Bars and Bar Systems 

Any slipface-bounded, delta-like (Jopling, 1965) wedge 

of sediment in the river is generally termed a bar in this 

thesis (see Chapter IV). However, some bars exte~a diagonally 

across the entire widths of major channels, linking san6 flat 

complexes, islands and river banks. The slipfaces of these 

diagonal bars are at high angles to the loc2l river direction, 

deviating an average of 69° frcm this. The bar fronts may be 

up to 2.5 m high. They are extremely important geomorphic 

elements in the river system, and are here termed cross-channel 

bars. 

In many places, the flow over a large cross-channel 

bar is divided by one or more sand flats developed on the top 

of the bar (Fig. 16). In many cases, the sand flats formed 

after the cross-channel bar, but in others the bar incorpoYated 

pre-existing sand flats into itself. This more complex form 

is termed a bar system. The major bar systems and cross-

channel bars are marked on the map at the back of the thesis. 

(d) Vegetated Islands and Floodplains 

The vegetated islands occur throughout the river s ystem 

without a~y detectable patterns of size or location. This 

randomness occurs because of the modes of origin of the islands. 

Some are erosional remnants of floodplaj.ns which have been 

dissected by major c hannels. Others apparently result from 

the stabilizing action of vegetation on aeolian and sand flat 

http:floodplaj.ns


FIG. lS . 	 A large sand flat complex with many minor 

channels within it. The major channel 

flows around it. The l e tte r ' L ' denotes 

linguo id bars. (Photo 14 5) 

FIG. 16 . 	 An oblique air photo of a large bar system 

which extends from the sand f la.t in the fore

ground to the bank in the background. Several 

sand flats are present as part of the bar 

system. A small sand flat nucleus (Chapter VI) 

is present on the cross-channel bar. Flow is 

from the lower right to the upper left. 



66 

/
/ 

/ 
/ 

/ 



67 

deposits which allowed a vertical build-up of sediment. 

Accumulation of fine-grained cohesive sediment on the tops of 

these mounds converted them into semi-permanent islands. 

Floodplains differ from islands in that they a r e 

attached to the valley wall , outside the river c hannel i tself. 

They also originate from sand flats (Appendix 2) , with verti

cal accretion of cohesive muds. Stabilization by vegetat ion 

again plays an i mportant role in the development of a flood

plain. Areas of floo dp lain occur at many localities in the 

river. Some occupy erosional cuts in the valley wa:l, but 

others extend 100 m into the valley. In c:::>mmon with the 

islands, no regularity of size or spacing o f t he are2 s of the 

floodplain is present. The islands and floodplain s are also 

on the large scale map at the back of this thesis. 

THE ORGANIZATION OF THE RIVER 

The organization of the river is shown on the map at 

the back of this thesis and is presented in more detail in 

Fig. 17b. Both the map and the diagram were prepared from 

a set of air photos taken at low river discharge after several 

months of low-stage modification. A typical configuration 

actually seen on the photos is presented in Fig. 17a. This 

was interoreted and simplified to give Fig. 17b and the map 

at the back of this thesis . 



FIG. 17. 	 Part (a) shows a hypothe tical reach of the river 

as it appe ars, and par t (b) shows the interpre

tation of the same reac~ . 
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The active rive r s y stem ma y b e con s i dered to c o nsist 

of many large sand flat compl e x es, along with one or two 

major channels. At cro ss-secti ons wher e the sand flat complexe s 

a re wide, occupying much of the width of the river, t h e major 

c hann e l is n a rrow and deep (see Ch a p ter V). Wh e re th i s channel 

bends (commonly a s it fl ows a round the d ownstream margin of a 

sand flat complex ) , a cross-channe l b ar forms oblique t o the 

downstr e am d ire ction (F ig. 1 7b) . The reasons f or bar forma 

t ion are d iscussed in Chapt e r I V. On the t op of this b a r , 

the chatln el is wide a nd s h allow and ma y s p li t up into a serie s 

o f s mall e r channels with small sand fl at s between them. The 

cross-ch anne l bar could then be cons i d e red a b a r sys tem because 

o f sand flats d e v e loped on it. The top s of the s e cro s s

channel bars are the major loci of formati o n of new sand flat s 

in t he river (see Chap ter VI) . Down stream of the ba.r system , 

t he flow is constricted laterally beca use of t h e ob l i q u e 

n ature of the b a r s y stem and the presen ce of o ther sand fl ats , 

i s l ands and the river banks (F i g . 17b ). Tne whole sequence 

is t hen r epe a ted in the next reach downstream . 

This patte rn of t h e rive r forming bar fr onts where it 

e xpands laterally has lit t l e regularity . The spacing between 

t he bar systems is h i gt--,J.y var iable, a rid the directions of 

s 1_i.c cessi'le bar fronts 1:iay be t he same or diff e rent. (See map 

a t back of thes i s.) 

The pattern o f a narrow, de e p channel gradually 

broade.r~ing and sha llow:Lng up to a bar fr on t is similar in 

son~e ways to ;.i poo l and ri..:.:.:f l.G sequence . Howeve r r the pool 
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and riffle sequences of some authors (Leopold et al, 1964) 

have regular spacings and are probably different in origin 

from the deep to shallow sequences reported here. 

COMPARISON WI TH THE ME.n.N DERING REACH 

The large scale map at the back of t his thesis shows 

that the river s wings i nto a series of i rregular meanders 

(sinuosity 1.8) about 20 km south of Saskatoon. Th e abundance 

of meand e r scar s and the p resence of two oxbow lakes in the 

floodpl a in be s ide t h is r e ach show that the river h as been 

meandering h ere for a relatively long period o f t.ime . '2:'he 

meandering reach also h a s sand flats developed within it 

(Fig. 18), so it is very di f ferent from other meandering 

rivers reported in the literature. A river which meanders, 

but is braided internally is not even considered in most 

river classifications (Leopold et al, 1964). 

In the meandering reach, most sand flats are developed 

along the sides of the river. Many of these are prese nt as 

point bars on the insides of meander loops. However, some 

major s a n e accumulations are present on the outsides of the 

bends where classic meandering theory CLeliavs ky, 1966) pre

diets the tha l weg should be. In some meande rs, more sediment 

is present on the outside of the bend than on the next point 

b 2:c downstream , wi th the result that the major channel is less 

sinuous t h a n the r i ver. This may repre sent a tendency towards 

st~ aightening of the river. The meander pattern, therefore, 
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FIG. 18. 	 A large meander bend in which sand flats are 

developed. Where the flow spills to the outside 

of the bend, a large cross-channel bar , here 

partly eroded, is developed . As the flow leaves 

the bend , another cross-channel bar is formed, 

facina towards t he other bank . (Photo 54) 
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may be a relict non-equilibrium fea~ure. Only long-term 

observation will be able to confirm or refute this speculation. 

Whether or not the meandering is relict, it imposes 

an organization on the major geomorphic elements within the 

reach. Wherever the channel is forced to bend because cf a 

meander, it deflects laterally towards the outside of the 

curve. As it does this, it forms a large cross-channel bar 

or bar system where it enters the bend and spills over to the 

outs ide bank (Fig. 18). As the channe l leaves the bend and 

enters the next, it spills back in the othe r direc tion, form

ing another cross·-channel bar which faces the oppo2ite bank . 

Many of these large cross-channe l bars and bar systems extend 

the width of the entire river tract. They link sand flats 

developed in the point bar position to other s developed on 

the outer bank. 

This organization of the meandering reach is similar 

in some ways to the organization of the braided reach. In 

both, major bar systems form where sand flat complexes 

terminate downstream, and where the flow bends laterally. In 

the braided reach, a curve in the river course (e.g., 5 km 

south of Outlook) causes the ma in channel to cross to the 

outside of the bend, forming a l arge bar system, similar to 

the pattern deve loped in the meandering reach. The same basic 

organization appears to be present in both reaches. The main 

difference b~tweEn the two is that the meander bends impose 

more regular ity on the locations of sand flat complexes and 

major bar systems. 
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CONCEPTUAL FRP.MEWORK OF THE RIVER SYSTEM 

The large scale organization of the river leads to 

understanding about the relationsh i ps among the bedform t ypes 

(see Chapter IV) , the channels, sand flats and the l arger 

elements discussed at the beginning of this chapter. 

The conceptual framework developed is presented in 

Fig. 19. This figure illustrates re lationships of type , 

origin and scale among the feature s listed abo.,1e . 

The top line, consisting of r ipples, sand waves , 

dunes and plane bed , represents bedfo:cms which can b8 gen;~rated 

in flumes, and are the first l evel of orgar:Lz.atio:r-1 of indivi

dual grains. Sand waves may combine to form bars (see 

Chapter IV) , and all the other bed~orm types may be present 

on their tops , contributing to theic growth (Chapter IV) . 

Small bars differ from the other bedforms because bars origi

nate in response to the local geometry of the flow and there

for may occur 3ingly. They are, however, very similar in 

scale to the others . 

The presence of deep channels in the rive r (see Chapter 

V) and the ge.ometry of those channels leads to the formation 

of 1ery larg e bars termed cross-c hannel bars (this chapter) . 

These are much larger in scale than most of t he bedforms d is

cussed previously and are very important in the large scale 

organization of the r iver. Certain areas on the tops of 

these bars may beco~e emergent, forming what are t ermed nucle i 



PIG. 19. The conceptual framework of the river deposits . 


The diagram is discussed in the text. 
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CONCEPTUAL FRAMEWORK 
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of new sand flats (see Chapter VI). These nuclei, together 

with the bars on which they form (and older sand flats in 

some cases), are termed bar systems. 

In places where accretion adds to a nucleus, a sand 

flat is formed (see Chapter VI). Sand flats are larger and 

more complex than nuclei . A fully-developed sand flat may 

bear little resemblance to the nucleus from which it formed . 

Several sand flats which are near one anothe r with 

only shallow channels between them compri se a sand flat com

plex. These are the most important areas of sediment accumu

lation in the active river system. 

Islands and floodplains are large complex e lements 

which result fr om long-term processes of stabilization which 

act on some sand flat complexes. 

Although the individual elements are shown as di screte 

types of features, it should be understood that most grade 

into closely related elements. The bedforms in the top line 

appear to be one natural class because they form in response 

to l ocal hydrodynamic conditions. Bars may form f=om sand 

waves i n a few cases (see Chapter IV), but in general are more 

closely related to local topography . They are, therefore, 

disb. i1ctly dif.f.erent from the o ther bedforms. A complete 

gradation exi st s between s m?ll bars and large cross-channel 

bars . They are separated because of .the role that the latter 

play in the formation of the large r elements . The formation 
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of a nucleus on a cross-channel bar at first does little to 

change the bar, therefore a continuous gradation exists 

between cross-channel bars and bar syste~s. A continuous 

.gradation of scale and complexity exists between a simple 

emergent nucleus through a fully developed sand flat to a 

sand flat complex . Islands and floodplains are distinctly 

different forms because they are stabilized by cohesive sedi

ment and vegetation. 

This concept ual framework shows the elements which 

will be discussed later in this thesis and the relationships 

they have with each other. This framework will form part of 

the model of sedimentation proposed in Chapter VIII. 



CHAPTER IV 

THE BEDFORMS IN THE RIVER 

INTRODUCTION 

To understand sedimentation in the river, it is 

necessary t o unde rsta nd the bedforms which transport much of 

the sediment. This i nvolve s description and classif icatio n 

o f the bedforms, de t ermination of the hydraulic conditions 

under which each type is stable, and investigatio n o f the 

distribution of eac h type in the river . 

The bedforms have been subdivided into classes which 

are believed to represent discrete types of bedforms. The 

c riteria used to classify them are: 1) their sizes and sha pes; 

2) their hydraulic characteristics. This attempt to establish 

a classification based on real divisions is in contrast to 

some studies in the literature . Coleman (1969) subdivided 

the bedforms of the Brahmaputra River on the basis of ampli

tude, with entirely arbitrary class boundaries . 

Investigation of the South Saskatchewan River 

resulted in fo ur types b e ing recognized. These are: 1) rip

ples; 2) dunes ; 3) s and wa v e s ; 4) bars. This system of 

classification closely res emb l es the classification scheme 

o f Coste ."i.lo (1974), and Sou tna rd (.in Harms et ~!._, 1975) f or 
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bedforms observed in flUJ."l1e experiments. However , some 

differences between the two cla ssifications exist. Thes e 

differences and the reasons f or these will be discussed later 

in this chapter . 

The classifications of Costello (19 74) , Boothroyd and 

Hubbard (1974), Southard (in Harms et al, 1975), and this 

report a re summarized in Table 4 . 

MORPHOLOGY , DIST~. IBUTION AND STRATIFICATION OF EACH 

BEDF'ORM TYPE 

~ipples 

These bedforms are the smallest in the syste m, with 

amplitudes les s than 5 cm and wavelengths commonly less th<:~ n 

30 cm (Fig. 20). Their shapes are variable, with straight-

crested , sinuous, rhombo id, and linguoid forms present. 

Straight-crested ripples are common in very shallow water, 

becoming more sinuous, then linguoid in progressively deeper 

water. This is similar to the s ha llow to deep sequence of 

r ippl e shapes reported by Allen (196 8). The majority of 

ripples in the sys tern , however, are linguoid. The s t raight

crested variety ar e i nu-nature, newly-created forms . In ' a few 

locali ties, wav2 ripples and a e olian ripples have also been 

observed. 

Ripples occu r most commonly in shallow channels, along 

the margins of major channels, and on submerged sand flats. 

They may also be pz·esent in de;::;p c hannels, sheJ_tered behind 
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TABLE 4 

Author 1. 2. 3. 4 . 

Costello ripples bar s dunes 

Boothroyd and ripples s a n d wave s megaripp l e s 
Hubbard 

Southard ripples sand wave s dune s bars 

Cant ripple s s a n d wave s dun es bars 
(this report) 

This table compares the bedform terminology of several recent authors 

with that used in this report. Ripples, sand waves, and dunes are 

believed to be equilibrium bedforms by all authors with increasing 

flow strength to the right. Bars are non-repetitive, non- equilibrium 

geomorphic elements. 
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FIG . 20 . 	 A train of sinuous-crested current ripples 

which have irregular amplitudes . The flow 

was towards the camera. The scale is in 

centimetr es. 
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large bar fronts where currents are weak. Ripples may occur 

in large areas by themselves , but more commonly are associated 

with sand waves. Ripples occur at low flow velocities (next 

section) , so are more common at low stages than during flood 

events. 

The rip?le s of this study are the same as the ripples 

of Simons e1:_ al (1965) and Southard (in Harms et al, 1975) 

from flume experiments. Ripples of one type or another arc-! 

common to most sedimentary environments . 

Ripp~es generate sedimentary structures i n the form 

o f ripple cross -larnination. The very common linguoid curr ent 

ripples deposit small scale (less than 4 cm thick) trough 

cross-lamination. This structure c:an be found in t he 1:~pper 

parts of the sand flats, in the fill of shallow channels, 

and in the river banks as part of the vertical accretion 

deposits. 

Sand Waves 

These bedforms are very long and low with wavelengths 

commonly 5 to 10 m and amplitudes 5 to 20 cm (Fig. 21). Along 

the crest of a sand wave, the amplitude is very consistent, 

with no scou r troughs, spurs, or other irregularities present . 

In shallow channels , san d waves have straight to gently 

curving crest lines . On the sand flats, however, they are 

more common ly rhomboidal in shape. vJhere many rhomboidal 

sand waves occur together, they form a cross-hatched pattern. 
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FIG. 21. 	 An area of long, low, rhomboid-shaped sand waves 

which are covered by ripples. The sand waves 

have very regular amplitudes with no spurs or 

scour troughs. Note the serrated appearance 

of the edge of the sand f lat caused by the 

presence of the sand waves. Flow was from 

right to le f t. See also Fig. 4. 
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In some cases, one limb of the rhomboid will be very much 

longer and higher than the other, giving the impression of 

an oblique-to-f low or swept (Allen, 1968) bedform. Sand 

waves have angle of repose slipfaces when active, but these 

are rounded off very easily at lower flow stages. 

In almost all cases, sand waves have linguoid 

ripples developed on their stoss sides . The two bedforrn 

types appear to be both at equilibrium under the sai-ne rela

tively l.ow flow velocities (nex t section) . 

The possible initiation of sand waves was observed. in 

a few localities on the sand flats. A train of almost 

straight crested ripples developed sharp bends and zones of 

lower umpli tude. 'rhese discontinuities in the ripple crests 

formed two sets of intersecting lines, both oblique to the 

directions of ripple advance (Fig. 22). These lines resembled 

the limbs of rhomboidal sand waves. The reason for the forma

tion of these discontinuities is unknown . Very low amplitude 

(5 cm) sand waves have been observed which were not much 

larger than the amplitude difference produced at some of the 

dislocations in the ripple crests. Because of this, along 

with the similarity in shapes, and the similar locations of 

occurrence (on top of sand flat=) , these linear dislocations 

are believed to be the precursors of fully deve loped sand 

waves. The discontinuities in the ripple crests apparently 

affect t h e flow so that minor slipfaces may form along some 

of the J.i.nes wt:Lch they define. 
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FIG. 22. 	 A train of almost straight-crested ripples which 

have localized sharp bends and zones of lower 

amplitude. These discontinuities form two 

intersecting sets of lines. The more evident 

set heads to the lower right, and the less 

evident to the lower left. The ripple direction 

bisects the angle between the lines. 
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In a few deeper (1.5 rn) channels, straight crested, 

repetitive bedforrns were observed which resembled sa.nd waves. 

However, these bedforrns were up to 30 cm in amplitude and 

had small dunes developed on their stoss sides. The larger 

bedforrns may have been sand waves, but it is not known whether 

the assemblage was a~ equilibriu~. If t his assemblage was 

in equilibrium, then small dunes c o uld be co-stable with 

large sand waves, but not enough data exist to evaluate the 

problem thoroughly. 

Sand waves are extremely common in the system, mainly 

in the shallower areas such as in minor channels , along the 

margins of major channels, and on the tops of sand flats. 

Their presence along channel margins c auses the edges of ~he 

sand flats to have a serrated appearance. 

These sand waves are the same bedforms as the "bars" 

reported by Costello (1974) from flume e xpe riments. Many 

similar bedforms have been described from other natural 

environments, notably by Boothroyd and Hubbard (1974) from a 

tidal estuary. Other studies which report bedforms which may 

be the same are Collinson (1970), repetitive linguoid bars; 

Smith (J.9 71), dimini shed dunes; Jackson (1976) , transverse 

bars. 

Sand waves have characteristic internal structures of 

small (5 to 15 cm) sets of planar crossbeds (Fig. 23). A set 

may be very uniform along its length, or it may be highly 

irregular, with roultiple reactivation structures. If traced 
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FIG . 23 . 	 A ripple-covered sand wave trenched open to 

reveal the internal stratification , a small 

planar crossbed set overlain by ripple cross-

l amination. Some ripple form-sets are present 

within the planar crossbed on a reactivation 

surface . Flow was left to right . Scale in 

c e n timetres on top . 
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far enough back upstream from the slipface, the amplitude of 

the crossbed set declines until it car1 no longer be identified. 

The crossbed sets are very closely associated ·with ripple 

cross-lamination whic h may be superimposed on them, or deve

loped lateral to th.em. 'rhe internal laminations of the small 

crossbeds are commonly well defined. The sorting necessary 

to produce these laminations takes place during the 1nigrat.ion 

of the ripples ever the stoss sides of t he sand waves. Cross-

beds generated bv sand waves may be found in the upper parts 

of sand flats, in t he fill of shallow channels, and in the 

river banks, just below the overbank deposits (Appendix 2). 

Dunes 

These bedforms range remarkably in size, from those 

10 cm in amplitude and 40 cm in wavelength, to others 2 m i n 

amplitude and 40 m in wavelength. Compared to sand waves, 

they are steep bedforms. Dunes show a great deal of variation 

in the direction transverse to flow, with sinuous to lunate 

crest line shapes, irregular heights, development o f small 

spurs, and the presence of erosional scour troughs (Fig. 2 4) . 

This 3-dimensionali ty of Lhe bedforms is one characteristic 

which serves to differentiate dune s from sand waves. 

Small dunes may have ripples developed on their backs. 

In some cases, this results from declining flow velocity and 

superimpo .s i t.ion of smaller bed.forms (Allen, 19 7 3 ) , but in 

other c2.ses, the assemblage m=i.y be an equilibrium bed 

http:superimpo.si
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FIG . 24. 	 An area of 3-dimensional sinuous-crested dunes 

with ripples superimposed on them. Note the 

scour troughs which are filled by wa ter in some 

cases. Dunes are rare ly exposed, so no better 

photos of them exist. This figure should be 

compared to the sand waves in Figs . 4 , 24 . 
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configuration. It can be interpreted as equilibrium because 

of the length of time it may persist, and because of similar 

equilibrium configurations in fl'.lffie .experiments (Simons et al, 

1965). 

Dunes occur at higher flow veloc i tie s for simi lar 

depths than ripples or sand waves. They are present on the 

beds of most of t~e major channels in the system whe~e flow 

velocities are relatively high. The larger dune s are present 

in the deeper, faster channels with smaller dunes in sha l lower 

channels. At high river stages, small dunes may f orm on the 

tops of the sand flats. 

The sizes of the dunes present in a chac~e l 5epend on 

the depth and velocity of flow over them . During the flood 

of June, 1975, the dunes in a carefully monitored channel 

reacted by becoming larger in both amplitude and wavelength 

during the rising stage (Fig. 25, 1st and 2nd profiles). At 

peak flood, very large dunes up to 2 m in amplitude were 

present with some superimposed smaller forms (Fig. 25, 2nd 

profile) . . The depth and mean velocity of the flow over these 

large bedforms were plotted on a diagram of bedform stabilities 

established ~or a tidal situation (Boothroyd and Hubbard, 1974). 

The depth and mean velocity of the peak flow plotted very 

near to the extrapolated line separating planed off bedforms 

from plane bed . This is the reason for the very long ampli

tudes of these bedforms . 



FIG. 25. 	 Four echo sounder profiles made down the same channel during the 

flood of 1975 (Chan~el B in Fig. j8). The vertical scale at the 

right end of each profile is in mettes. The length of channel 

represented by each is the same. 
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As the veloclty of the flow declined (F ig. 25, 3rd 

profile) , the large bedforms qisappeared, until no trace of 

the very large bedforms existed (Fig. 25 , 4th profile) . 

The dunes of this study are the same a3 the dunes of 

Simons et al (19G5) . Similar bcdforms have been repor ted 

from many sedime~tary environments. 

Dune migr a tion results in the deposition of sets of 

trough crossheds (Fig. 26). This has been established by 

box coring dune-covered areas in shallow ( . 5 m or less ) 

channels. Ths dunes presen t in these channels were small 

(les s than 20 ~n) because of the shallow depths . Unfortunate l y, 

with the equipment available, it was impossible to box core 

in the larger cha nnels in the river . However, it is possible 

to infer the stratification type created by the large dunes 

in these channels. Dunes generate trough c r ossbeds because 

of thei.r irregular shapes, in particular because of the pre

sence of spurs and scour troughs. Small dunes of th is type 

generate circular boils in the flow which break the surface 

of the water. Straight crested bedforms such as sand waves 

do not. The large dunes in the channel s cause extremely large 

boils (up to 3 m diameter) to break the surfac e . Therefore , 

it i s inferred that the bedforms were stroDgly 3- dimensional 

and generated trough crossbeds. 

F igure 25 (2nd profile) shows that the large dunes 

at floo d peak had deep scour trough s . These troughs cut more 

deeply below the average bed level than the trough ~ created 
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FIG. 26. 	 A photo of a boxcore take n in a shallow, dune

covered channe l. Sma ll trough crossbeds are 

present in the core, depos i ted by the dunes . 

The boxcore is 30 cm on each side . 
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before or after the flood peak. Therefore, previously 

deposited smaller trough crossbeds would be scoured out and 

replaced by the large trough crossbeds of the dunes during 

peak flow. The smaller troughs of the bedforms active during 

the falling stage could not erode deep enough to remove the 

trough crossbeds cr~ated by the largest dunes. The sizes of 

the dunes a~ peak flow cause these selectively preserved trough 

crossbeds to be very large. 

Bars 

These b edforms are not equilibrium features in the 

sense that ripples 1 sand waves, and dunes are . 1"'hese other 

bedforrns are created by the flow under a specific range of 

hydrodynamic conditions, and disappear outside that range (in 

general). Bars, however , are very persistent forms which may 

survive long periods of widely differing flow conditions. 

Bars are non-repetitive slipface-bounded wedg es of 

sediment (Fig. 27), similar to the laboratory deltas 

Jopl ing (19 65) and the tra~sverse bars of Ore (1963) and 

Smith (1970). Bar fronts are straight to linguoid in plan 

vi~1, but may become irreg ularly shaped because of small lobe s 

building forward as a response to changing river stage 

(Collinson , 1970). Sediment is transported over their tops 

by ripples, sand waves, dunes , or as plane bed, t hen avalanche s 

over the margins . · h'h.ere the fl ow over a bar fron t makes an 

angl e o f le s s than 45° {in p lan v i ew) with the crest o f the 

bar , no s lipface is present r only a l ow angle slope. 
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FIG. 27. 	 A large bar which has been driven laterally 

onto a sand flat. The top of the bar is 

covered by ripples. Falling water marks are 

present on the slipface. 
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Bars in the river range in height from 15 cm to 3 m 

or more, but the height is a function of the local topographic 

relief and is unrelated to flow depth or strength. They 

range in length (along the slipface) from small forms which 

die out in 10 m to those which extend several hundred me~res 

diagonally across the river. 

The major control on the formation of bars is the 

geometry of the s ituation, rather than the hydraulic charac

teristics of t he fl ow . They form as a result of the area of 

the flow expanding, a condition which arises because of the 

configuration of pre·-existing topography in the river. 

Bars form at four major t ype s of localities in the 

river: 1) at areas o= increased flow width; 2) at channel 

junctions; 3) at bends in channels; 4) at locations of verti

cal flow expansion. These are illustrated in Fig. 28. 

Case 1 commonly results where the flow expands around 

the lee side of a sand flat. An inward advancing slipface 

forms at the downstream end of the sand flat. This is similar 

to the scroll bars of Sundborg (1956) and Jackson (1 976) in 

rne~ndering systems. This mechanism is also similar to the 

mode of formation of side flats (see Chapter VI) in which the 

flow also expands laterally. 

Case 2 occurs where two channels of unequal depth join. 

The bar extends from sand tlat to sand flat across the mouth 

of tl1e shallower c hannel. These bars form because the flow 



PIG. 28. The locations of bar formation in the river. They are explained 

fully in the te~t. 
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from the minor c h a nne l e xpa nds l a te r a l ly a nd v e rtically into 

the deeper water of the large r c h anI1el, dropping its sediment 

load as a small delta- like body. 

Case 3 is the r e s ult of a b e nd in the channel which 

forces the flow to c h ange direction. As the flow enters the 

bend, the a pparent width of the chan ne l increases. Th is 

occurs becaus e t he b e nd in the flow lags behind the b e nd in 

the channel and t he f low enters the bend heading across the 

channel. Beca us e o f the sha pe. of the bend, -the wi d th of the 

flow becomes ve r y large and a bar front f o rms. This d oee not 

occur in most me a n der i n g channels becau s'3 the inn.er bank pro

grades and c uts dovm t h e ef feet o f the apparent incr ease i n 

width. In the wide, shallow channe ls in the South Sa s katchewan 

River, spiral flow will be very poorly developed, so little 

accretion takes place on the inner bank. After the bar front 

is established, it diverts flow to the outside of the bend, 

causing the apparent width of the flow to be increased still 

further. 

This same pattern can be seen on vastly differing 

scales, ranging from bars in a 30 cm deep drainage channel 

on a sand flat, to major bar systems spa nning much of the 

river system (Chapter III) . 

Case 4 occurs very commonly at the downstream margins 

of sand flats when t hey are inundated at high stage. As the 

fl ow passe s over the downstr eam end o f t he sand flat, it 

expands into deeper wa t e r and dro ps its sediment load. A 
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slipface is established which may adv,.:i.nce downstream, causing 

the sand flat to lengthen. 

Many of the bars in the system could be interpreted 

as resulting from more than one of the above causes. This is 

in part a reflection of the fact that bar formation in all 

cases results from fl ow expansion, and more than one cause of 

this may be present in a given instance. 

The growth of a bar results in the deposition of a 

set of planar cross-stratification (Fig. 29). This has been 

discussed in detail by Smith (1972). In many cases , unsteady 

flow may cause the formation of reactivation structures 

within a p lanar crossbed set. Some bars generate different 

types of stratification because of their irregularly shaped 

crest lines. The s implest kind of irregularity is a curved 

front, with different avalanche directions at different 

locations along the front (Fig. 30a) . A more complex kind of 

irregularity is the presence of small points and re-entrants 

on an oblique bar front (Fig. 30b, 30c). Where the flow 

passes over the oblique part of the slipface (marked o) , 

spiral flow occurs which generates a current moving along the 

bar front towards the point. This current transports sand 

in the form of ripple s which are deposited at the point form

ing a spur . One side of the spur , therefore, is depositional 

(marked d on Fig. 30b , 30c). Because of the re-e ntrant on the 

other side of the point , flow is concentrated , wi th the result 

that the other side of the spur is erosional (mark0d e on 

Fig. 30b, 30c ). The spur may be either ~rosional (Fig. 30b) 
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F I G. 29 . 	 The internal structure of a small bar , one 

planar crossbed set capped by ripple cross

lamination. In the middle of the set , a 

ser i es of lower angle laminations are 

truncate d by a mud-covered reactivation 

surface. The top scale is in centimetres . 



FIG. 30. 	 A diagram of the irregularities present in some 

bar fronts and their effect on stratification. 

The letters in (b) are explained in the text. 
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or may deposit ripple cross-lamination (Fig. 30c), depending 

on the r~lative strengths of the eroding and depositing cur

rents. In a very few cases where the depositing currents 

were much stronger ; the eroded margin o f the spur became an 

avalanche face, with a small crossbed set f ormed . 

A trench through the bar of Fig. 30a shows foresets 

of apparent ly variable dip. Th is variation occurs because 

different parts of the bar are advancing in different direc

tions. Smith (197 2 ) noted this effect of curved bar fronts 

in bar deposits in the Platte -River. 

The bar in Fig. 30b has deposited c urvi ng stratifica

tion, which is segmented by erosion surfaces generated at the 

spurs. Because of the curve of the bar front between the 

spurs, the stratification reserobles a trough crossbed in plan 

view. Many of these were observed on the sand flats after the 

recession of the flood of 1975. These crossbeds, however, do 

not have trough-shaped lower bounding surfaces. They are 

planar sets, but are segmented by the erosion surfaces. 

In Fig. 30c, the two spurs have deposited ripple 

cross-lamination, which is preserved within the other deposits 

of the bar. Because the direction o f the bar front varies 

consistent ly between the spurs, the apparent dip of the fore

sets also varies consistently. The bar deposits, therefore, 

in a section almost transverse to flow, consist of segments 

beginning with ripple accretion developed on a low angle 
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erosion surface, followed by steeply dipping foresets which 

flatten off, and are finally truncated by another erosion 

surfa-ce. 

This type of structure could be mistaken for a 

reactivation surface, which implies fluctuating s t age 

(Collinson, 1970) with erosion and/or ripple deposition at 

low stage and further bar growth at higher stage. These 

types of pseudo-reactivation structures have not been 

reported previously as resulting from irregular bar crest 

line shapes. 

MORPHOLOGIC AND GENETIC RELATIONSHIPS BETWEEN 

BEDFORM TYPES 

(a) Sand Waves and Dunes 

Allen and Collinson (1974) have denied the existence 

of lower flow reg i me equilibrium bedforms other than ripples 

or dunes. They believe that all other forms are disequilibrium 

dunes. However, the sand waves of this study appear to be 

distinctly differe nt from the dunes in the system~ 

Figure 31 i s a plot of amplitude vs. wavelength for 

many bedforms in the river . This figure was prepared by com

piling two distinct types of data, one type from direct 

measurement o f exposed bedforms , and the other from rneasure 

men~ o f echo s ound er records . In order to make the data from 

the echo sounder records more compatible with the data from 

t he exposed bedforms, two criteria for measurement of the echo 



FIG. 31. A graph of amplitude vs. wavelength for sand waves and dunes. 

Sand waves have much lower a.mpli tudes. 
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sounde~ reco rd s we r e establishe d. These we re: 1) to avoid 

diagonal traverses a cross bed forms, only those wh i c h 

appe ared t o h a ve a ng l e of r e po s e sl ipfaces were me a s ured; 

2) where t wo or more sc a l e s of bedforrns were prese nt, smaller 

supe rimposed forms we= r e i gnored. vlhile this metho d may be 

critici zed as s omewhat s ub j e ctive, no completely objective 

method could be ckvised to overcome the limitations of the 

echo sounder d a t a . 

I denti f icat ion of b e dform types on the echo sounder 

records wa s done by a variety of methods. These methods are 

liste d he r e : 

1) 	 direct observat i on of the shapes and variations 

in the c rest line s of the bedforms; 

2) 	 the pre sence of very large circular boils in the 

flow was t a ke n to be indicative of dunes on the 

bed (see section on dunes earlier in this chapter); 

3) 	 the presence of scour troughs below the general 

bed leve l on the sounder records indicated dunes. 

Figure 31 shows that sand waves have distinctly lower 

amplitude s tha n dune s for similar wavelengths. Sand waves 

rarely build up o ve r 30 cm in amplitude. The amplitudes of the 

dunes generalli incre ase along with the wavelengths, but not 

with a we ll-de fined relationship. A clear morphologic dis

tinction, therefore, s eparate s sand waves from dunes. 
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In a eeries of papers (Allen , 1973, 1974; Allen and 

Collinson, 19 7 4) , t.he concepts of phase lag of bedforms and 

bed f orm disequilibrium have been. r..:resented . Allen and Friend 

(1976) have introduced the concept of the r elaxation time of 

a bedform. This is the time required for the disappearance 

of a larger non-·eqililibrium bedform by sediment. transport at 

a lower flew state . This concept has bee~ used to prove that 

the sand waves i_ the South Saska~chewan River are not relict 

dunes. 

After the f].ood peak of 19 75, the f lo-i.,,.r i::i the rive r 

was very steady for a pe riod of 2 5 days. During this cime, 

no daily f l uctuations in stage greater t han a few centimetres 

occurred . The average sediment transpo rt r ate of ripples 

was calculated with the use of typical depth a nd ve locity 

condition s for r ipples by the Kalinske method (Raudk ivi, 

1967) and by the use of an empirical ripple velocity equation 

cited by Allen and Friend. The calculated rate was .1 t o 

3
• 3 cin /sec/err.. Allen and Friend assumed a simple model f or 

a dune shape , with the volume of the s ccur trough equalling 

the volume of th.;~ dune . They showed that tl1e minimum cross-

sectional area whi ch must be infilled to ob l iterate the dune 

was 

A . .167 LE nun 

where L, H, are the wavelength and amp l itude of the dune. 
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For the case of a moderate-sized dun e of L = 4 m, H = 40 cm 

') 

A . = 2 672 cm "-· . · min 

Therefore, the time of destruction of this is from 2.5 to 7.5 

hours. 

However, the sand waves showed no sign of disappearing 

over the 25-day period, and, in fact, were very common 

throughout the sys tem at the end of this time. This indicates 

that sand waves are not relict dunes, but a separate bedform 

type. 

(b) Sand Waves and Bars 

During the course o f the f ield work, it was observed 

that small bars are very similar in appearance to sand waves. 

The two bedform types can be differentiated in most cases by 

the fact that sand waves are repetitive, whereas bars are 

solitary and are related to the local ~opographic configuration. 

In some cases, however, 1
• +-

.... was observed that a line 

of sand waves changed through time into b ar s. This occurred 

in two different types of locations in the system; on the 

sloping upstream portion of sand flats, and at the downstream 

margins of sand flats. In both cases, rhomboid sand waves 

migrating into shallower water reached areas of such low flow 

veloc i ties that they ceased to be active. Other sand waves 

migrating near them in slightly deeper water advanced slightly 

farther, anti l they also became inactive. Because of the low 

slope of th;"! bottom r and the rhomboid shape of the sc:md wa·ves, 



107 


the corresponding limbs of the sand waves became aligned, 

forming an inactive ridge. At the next minor rise in stage, 

vertical flow expansion over the step created by . the sand 

waves formed a bar fiont. Th is process is illustrated in 

F'ig. 32. 

It is not implied here that al l bars in the system 

result from the presence of inactive sand waves. Only a few 

small bars originate in this manner, but the process shows 

the close r elationship between bars and sand waves . 

Southard (in Harms e t al.' 1975) has stated that 

differentiating between s a nd waves a nd cer tain kinds of bars 

is difficult in s ha l l o w rivers. The differences between the 

sand waves and bars in the South Saskatchewan River are 

surrunar ized in Table 5. 

BEDFORM HYDRAULICS 

Velocity profiles were measured over many bedfo~ms to 

attempt to define the hydraulic conditions under which each 

bedform type is stable. These profiles were measured from 

the anchored boat with a Price-type AA current meter on a rod. 

Before a profile wa s measured, certain checks were made: 

1) that the sediment comprising the bedforms was being 

actively transported; 2) that the bedforms were not in obvious 

disequilibriUJ.ll with the flow (i.e., nearly emergent or being 

eroded) . While these checks do not provide assurance that 

the bedforms were i n e quilibrium with the fl ow, it is believed 

that in most. ca.ses , equilibrium was approached reasonably close ly. 

http:disequilibriUJ.ll


FIG. 32. 	 The process of forming a small bar front from a 

series of sand waves. The diagrams are fully 

explained in the text. 

The strike and dip symbol indicates the slope on 

the river bed. 
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TABLE 5 

COMPARISON OF SAN0 WAVES AND BARS 

Sand Waves Bars 

equilibrium bedforms - in most c ases, not at 

equilibrium 


- repeti tive ~ sol i tary 

- form in response to - form because of the 
the hydrodynamic geometry of the situation 
conditions 

- less than 30 cm high - rang8 from approximately 
15 cm to 3 m 

- ripples cover their - any bedform may occur on 
stoss sides their tops 
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The data from these hydraulic measurements is given 

in Appendix 3. From the r~0 vr,;d ocity profiles , the shear stress 

and the shear velocity were calciJ.lated . These parameters did 

not show patterns which could be interpreted, possibly because 

of measurernent problems. The current meter made an average 

veloci ty measurement over one minute. A complete profile 

required 5 to 10 minutes to complete . The scatter in the 

measurements possibly resulted from intermediate terr:i turbu

lent fluctuations in velocity. The mean velocity of the flow 

was the parameter which best represented flow strength and 

showed interpretable patterns . This wa s c alculated by 

averaging the velocities measur ed at .2 and .B of the depth . 

Ripples 

Because ripple s are found on the stoss sides of s2.nd 

waves, apparently in equilibrium, no separation of the two 

bedform types can be made. Data obtained from areas of 

ripples alone (without sand wave s) plotted throughout the 

saP..d wave field, confirming that no hydraulic .separation of 

the two bedform types is possible. Costello (1974) and 

Southard (in Harms et al, 1975) also note the close associa

tion of ripples and sand waves, but they illustrate a r ipp l e 

field at lower veloc i ties than the sand wave field. This 

c ould nDt be det2ct-.e c in t- ,e .South Saskatche·wan River. It 

should h0 :1oted , ho~reve r, that sediment size has an effect on 

the type of bedform developed . This effect is not well known 

1- -· t 3 rs . - . f or sand. s o.::. mean c.J. ame er , . mrn \ out.~1an.i in Harms et ~..:!:_, 

1975, p.7.1). 

http:det2ct-.ec
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Sand Waves and Dunes 

As was stated in the last section, sand waves are co

stable with ripples, and occur at relat ively low flow veloci

ties. Dunes occur at higher flow velocities than these other 

bedforms. All the data gathered for sand waves (with ripples) 

and dunes is plotted in Fig. 33. A clear velocity dis tinction 

for any depth exists between sand waves and dunes, indicating 

that the two types of bedforms are hydrodynamically distinct. 

A degree of overlap of the types exists at a depth of 

80 cm. This may result from one o r more of the following 

causes: 1) the presence of disequilibrium bedforms; 2) errors 

of measurement of mean velocity because of turbulent velocity 

fluctuat ions ; 3) mis-identification of bedforms at times 

when the channel bed could not be seen c learly . 

The transit ion from sand waves to dunes occurs at 

velocities 5 - 10 c m/sec lower than those reported by Southard 

(in Harms et al, 1975) . This is due to the differences ir.. the 

grain sizes of the sediment, .3 mm in the river vs .. 4 mm and 

coarser in the other case. 

The differences between sand waves and dunes are 

summarized in 'i'able 6. 

OTHER BEDFORMS 

uuring the flood of 1975, a flat or plane bed was 

present o n some sand flats. A combination of high flow 

velocities and shallow depths caused this upper flow regime 

bed configuration to occur. 



FIG. 33. 	 A plot of depth vs. velocity for active dunes 

and sand waves. The sand wave field also 

includes ripples. The line on the graph is 

the line separating sand waves (bars) and 

dunes reported by Costello (1974). 
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BEDFORM HYDRAULICS 
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COMPARISON OF 

Sand Waves 

- straight to rhow~oid in 
plan view 

- very regular height all 
along the slipface 

- low amplitude 

- occur at l ower flow 
velocities 

- common in the higher, 
shallower parts of the 
river 

- generate small planar 
crossbeds 

11.ABLE 

SAND 

6 

WAVES AND DUNE S 

Dunes 

- sinuous to lunate in plan 

view 


- irregular height because 

of the presence of spurs 

and scour troughs 


- higher ampl i tu::-Aes which 
increase with the wavelength 

- occur at higher flow 

velocit ies 


-- common in the deep channels 

- generate trough crossbeds 

of varying sizes 
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The plane bed , in most cases , resulted in the deposi

tion o f horizonta l parallel lamin ation with parting lineation 

exposed on the surface of some laminations. However, where 

the origi~al surface of the sand fl at was slop ing, sets of 

laminations with shallow dips were formed (Fig . 34 ). In a 

few locations, l::lie laminations dipped steeply (up to 2 0°) 

into pre-existing scours (Fig. 35). The cross-laminations 

formed in this manner can, i n many cases, be traced lateral ly 

into hor izontal laminations in ~oth directions. As t h e scours 

became filled by the laminat ions, the amount of r elie f was 

diminished ; and the lami:nation s flatt e ned o ff to a plane bed . 

No plane bed in the channels was detected by e cho 

sounding . However , as has been discussed previously, the 

long bedforms at f lood stage were flattened because they were 

in the transition zone to upper flow regime. If discharge had 

been greater, and flow velocities higher (hydraulic geometry, 

Chapter II) , plane bed on the channel bottoms migh t have 

occurred. 

Plane bed and very sma l l (less than 3 cm amp litude) 

antidunes have been obse r ved in minor drainage channels on 

the sand flats dur i ng fa lling stage. Because of their size 

and short period of ex i stence , t h e se forms are of little 

i mpor t ance . 
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FIG. 34. 	 Low angle parallel laminations overlying a 

zone of irregularly rippled sediment. The 

parallel laminations are dipping off 

laterally into a channel. The top scale 

is in centimetres. 
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FIG. 35. 	 Parallel laminations on the right assume a dip 

in the left part of the photograph . When 

traced laterally, it can be seen that this 

slope forms one side of a large trough . 

Upper scale is in centimetres . 



CHAPTER V 


THE CHANNELS 

IN TRODUCTION 

The channels in the river system are the conduits 

through which most of the water and sediment discharge is 

transmitted. Channels are also the loci of formation of new 

sand flats (Ctapters III and VI). The survival or disappeara~ce 

of newly-formed sand flats depends mainly on cha11ges jn the 

positions and directions of the channels around t~l cll . (Chapter 

VI) . To develop an understanding of sedimenta tion in the 

river, therefore, it is necessary to investigate the ch~nnels. 

DESCRI PTION OF THE CHANNELS 

As was discussed briefly in Chapter IV, the channel s 

have been divided into two groups, ma jor and minor channels. 

At any locality , only one or two major channels exist, but 

up to five minor channels may be present (Figs. 13, 36). The 

two types are treated separately for the purpose of clarity , 

but there is cons iderable gradation between them. On t~!e tops 

of large bar systems , major channels may divide several times, 

essentially splitting into a numbe r of minor channels. Most 

of ~he actual braiding (division and rejoining of channels} is 

accomplished by these minor channels. Major channels branch 

and reunite only rarely. 

117 
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Major Channels 

The major channels in the river system range in depth 

from 2 to 3 m below the nearby sand flats. In a few locali

tie s where a ch anne l is confine d laterally (i.e., near a 

stable bank) , depths up to 5 m have been measured. Widths o f 

these major channels vary from 70 t o 200 m. Width to depth 

ratios are in the range 25:1 to 100:1. These figures are 

very approximate because it is impossible in many cases to 

define exactly the edge of a channel where the channel bed 

slopes gradually upward onto a sand flat . 

The axes of the major channels trend very close to 

the l ocal river direction , averaging only 13° from this . 

Where the main flow crosses the system laterally, the major 

channel commonly divides into several minor channels (Chapter 

III) , accounting in part for the low dispersion o f directions 

of the ma jor channels . These channels also have low sinuosi

ties, commonly less than 1.1. 

The beds o f the major channels are covered, in most 

cases, by dunes, with ripples and sand waves along their 

margins (Chapter IV) . In the deeper , swifter channels, the 

dunes are large (up to 2 m amplitude; Fig . 25), but i n 

shallower, slower channels they never build up to these 

amplitudes (Appendix 4) . The sizes of the dunes in a channel 

depend to a large extent on the depth of flow in the channel 

(Chapter IV) , a~d therefore on the topographic elevation of 

the channel bed . In general, larger dunes are present on the 
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lower channel beds, and sma ller dunes on the higher beds. 

This is important in the consideration of the stratification 

developed in channel deposits. 

At many localities in the major channels, large bars 

are present. These bars are directly related to the pre

existing topographic configurat~on in the local area, as 

discussed in Chapter IV. 

Most bars have straight t o curving crest lines, which 

may be ve ry oblique to the fl ow over them, similar to those 

of the bars illustrated in Chapter IV. However, in s ome 

channels , linguo id bars are present {Figs 15, 3 8a ) which 

resemble those illustrated by Collinson ( 19 70) . 'I'hese ling·uoid. 

fo rms are not en-- e chelon; instead, each one appears to be 

attached to the one immediately up stream of it. The presence 

o f one bar apparently diverts f low laterally, so that flow 

expansion around it creates a new bar . These linguoid bars 

are, therefore, interpreted as moderate to low stage features . 

They are much less common in the river than the other types 

of bars (Chapter IV) . 

Minor Channels 

The minor channels in the river system are those which 

flow within sand flat complexes, and over major bar systems. 

They range in depth from a few tens of centimetres to approxi

mately 1.25 m below the surrounding sand flats, and in width 

up to 125 ra . Their width to depth ratios vary fr om 40:1 to 
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200:1, so they are proportionally wide~ than the major 

channels. Again, these figures are approximate . 

The directions of these minor channels are very much 

more divergent than those of the ma jor channels, with the 

average deviation from the river direc t ion being 30°. This 

value does not tak e into account the smallest drainage 

channels, but only those which branch from and rejoin major 

channels. Minor channels are commonly more sinuous (values 

ranging up to 1.3) than major channels, with prouounced bends , 

but are not truly m8andering because of their wide and shallow 

nature. The sp i ral flow of meandering channels appears to be 

poorly deve loped in them, probably because of their very 

shallow depths (Bridge, 1976). 

The minor channels have small or the assemblage 

of sand waves and ripples on their beds, depending on the depth 

and velocity of the flow in them. Small bars are also very 

common, particularly at the downstream ends of these channels 

where the flow expands into deeper channels. These channels 

may be completely blocked off by bars which build up at high 

stage. This process will be discussed in more detail in 

Chapter VI. 

THE ORGANIZATION OF THE CHANNELS 

The organization of the channels has been partly dis

cussed in Chapter III. In this section, i ndiv i d ual channels 

will be considered, and also smaller channe ls . However, some 

overlap with Chapter III ~s inevitable . 
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The fundamental organization of the channels is 

created by t he presence of large bars and sand flat complexes . 

As discussed in Chapter IV, the bars are present where channels 

bend, join, or widen. Con sideration of any aerial photo 

(F igs . 13 , 38 ) shows that bars are very common in these types 

of localities in the river. Because bars are vertical accumu

lations of sediment , they constrict the flow over tlemse lves 

(Smith , 1970). Therefore , channels over the bars are rela

tiv e ly shallow. Irrnnediately downstream of bar fronts, channels 

are very deep in many cases. This occurs for one or more of 

the fo l lowing reaEons : l) sedime nt is trapped where it 

avalanches over the bar front, with reduced sediment supply 

downst ream ; 2 ) oblique or irregular bar fiont s constrict t he 

flow laterally so that h igh velocity currents i mmed i ate ly 

downstream maintain a deep channel ; 3 ) the bar builds into 

deep water, where a small channel enters a larger one. 

In Fig. 36, the shallow and deep areas of the channels 

have been indicated . If a channel is traced downstream, a 

series of deep to shallow sequences is encountered . These 

channel sequences are irregular in length and occur in 

cha nne ls of markedly different scales, from the smal l est to 

t h e l argest in the river system. Their formation is l a rgely 

controlled by the pre-exist ing topographic pattern of cl1annel 

shapes and sand flat positions . For these reasons , the deep 

to shallow sequences are believed to be different from pool 



122 

FIG. 36. Air photo showing shallow (S) and deep (D) areas 

of channels flowing around a sand flat complex . 

(Photo 147) 
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and riffle sequences which have quasi-regular spac ings and 

are more closely controlled by hydrodynamic condi t ions 

(Le opold et al , 1964). 

In the major channels, the shallows on the tops o f 

the bars are the maj o r loci of formation of new sand flats 

(Chapters III, VI). After a sand flat has developed , it then 

becomes an obstacle to flow, and new bars may form ir. response 

t o its presen ce (Fig . 37). These small secondary bars may 

confuse ~he simple pattern of deep to shal low sequence s 

reported above . 

The bars are best defined and simplest immediately 

after the recession of a flood. After several months of 

variable flm·1s, the single bar front c ommonly disappears , and 

is r eplaced by a series of smaller bars. 

I n the minor channels , bar formation is more c ommonly 

r el a t ed to channel bends, rather than splitt i ng and rejoining 

of the channel. In a c ase where a minor channel flows in a 

narrow gap , the flow spills from side to side , forming a 

pattern which closely resembles alternate bars . This happens 

only in these narrow erosional gaps, and ma y represen t a 

t endency t owards meandering in these channels. 

EFFECTS OF THE ORGANIZATION ON THE BEDFORMS 

The organization of the channe ls has a direct control 

on the bedforms present on the beds of the channels. This 

o ccurs becaus e the depth and velocj.ty of the f low are a ffe cted 

http:velocj.ty


FIG . 37 . The f o r ma t ion of s0c0Pdary ba rs resulting from 

the presence of a ~dnd fl a t . 
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by the channel shape whi.ch is largely c ont r olled by the 

organi.zatio n of the channel. Flow depth and velocj ty are 

two of the most important parameters involved in controlling 

the type and size of bedforms (Chapte r IV) . 

In the deep a reas of the major channels, dunes az e 

- _._ f onr 

s o under pro~iles shown in F ig. 2 5 were made in this portion 

of a c hannel sequence . As the c hanne l shallows in th~ down

stream direc t ion, the amplitude of the dunes diminishes , 

Cont inuous echo soundi ng the length of one channel sequence 

showed that the ampli tude s of dunes in the deep area (3 m 

depth ) averaged 40 cm, while those i n the shallow areas 

(1 m depth) a veraged 20 cm. Although there does not appear 

t o be a unique r e lationship between flow depth and dune 

height in this river (see Fig . 25) or in others studied 

(Allen, 197 6 ), dunes are generally sma ller in the shal l owe r 

parts of the system at a specified dischargs . 

In a few v ery deep parts o f the s y stem , i . e ., where 

two channels join and c onve r ge against a stable bank , no 

l arge bed form s are present (Appendix 4 , pro file 3 ) . These 

deep area s occur v ery rarely, and are relatively l imited in 

areal exte nt, so they are not expected to contribute signi f i

c a ntly to the strat i f ication t ypes present in channel deposits. 

In minor c hanne l s , s ma l l to moderate sized d unes (les s 

th<n 30 cm ampl i tude ) are present a t most discharges. The 

dune s in the s maJ.ler channels also build u p a t high disc~arges, 

present at aJ_ 1 but the lowest discharges. 'l'he echo 
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but not as much as in major chann e l s . In t h e shallows of 

minor cha n ne l s , ripp les a n d s a nd wave s form the more common 

bedform a s s errill lage , but small dunes may also be present in 

some of the s e loca lities. 

Bec a use t he minor chann e l s are topo g r aphica lly high 

(relative t o the major channels ). ' they a re a f fect. ed more by 

stage changes . At v e r y low di s ch a rges (less tha n 100 m3/sec) 

flow down some of the s~ c hanne ls v irtually stop s . In the 

deeper areas o f these c hanne ls, the flow c e ases to move bed 

ioad, and f ine-gra i ned s uspended s ediment is depos i t e d. In 

t he shallow po r t ions of these channels; some areas become 

emergent, with one or more narr ower c hanne ls forming. The 

fl ow in these s ma ller channels is suf f ici~nt in many cases 

to transpor t bed loa d as ripples and sand waves. 

CHANNEL SHIFTING 

I n Fig. 38, two air photos of the same reach are 

shown. The uppe r photo was tak en in October , 1967, and the 

lowe r in Septembe r , 1971. Comparison of these photos shows 

that some channe ls in the rive r systems change posit i ons 

laterally ove r a period of yea r s . 

In some case s, t he c hanne ls migrate laterally by 

deposi tion on o ne side of t h e channe l and erosio n on the othe r . 

One locat i on whc~e th i s i s inte r p r eted as h appening is i ndi

c a t ed on the s e photos with t h e l ette r ~ and an arrow showing 

th~ d i rection o i cis=~tio~: tho chunne l i s app ar e ntly 



FIG. 38. 	 Two phot .s of the same reach, (a ) taken in 1971 

and (b) in 1967. Large amounts of channel 

sh ifting are evident. The letter 'M' on 

photo (a) and the arrow indicate a migrating 

channel . Channels A and B are discussed in 

the text. The numbers indicate feat~res 

explained in Fig. 14. The letter ' L' 

indicates an area of linguoid bars. 

(Photo (a) is 161) 
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(a) 

(b) 
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continuing to migrate in this directior1, bRcause in 1975 it 

was deepest o n its south side and the sand flat here had an 

e roded margin during the period 197 3 - 1975. The sediments 

deposited during this type of channel migration are partly 

channel-fill and partly sand f l at material (Chapter VI) . 

Observations made before and after the flood of 1975 

suggested another mechanism f or channe l shif ting. Before the 

floo<l, the channel marked A (north end of the lowe r photo) \~a s 

1 . 5 to 2 m deep , discharging a large proportion of the water 

and sediment passing this cross-section. After t~3 ~load , 

this channe l had aggraded, becoming about l m deep. Much of 

the flow that it had cQrried previously had dive~ted to the 

channel marked B. This mechanism of vertical aggradation 

and diversion of fl ow elsewhere in the system is similar to 

the mechanism proposed by Chien (1961) in the Lower Yellow 

Ri ver. 

The aggradation of t h is major channel did not involve 

the formation of large bars; rather, the channel aggraded 

mainly by the deposition of sediment transported in the form 

of dunes. This implies that relatively thick accumulations 

of channe l sediments are formed, which could be preserved in 

. ~ some circums~ances. 



129 


THE STRATIFICATION OF CHANN EL DEPOSITS 

Introduction 

The stratification o f the channe l deposits must be 

inferred because the deep channels could not be box cored, 

and only a very limited amount of exposure of these s e d iments 

is present in t he river banks . These inferences conce rning 

the strat i fication are made main l y by consideration of the 

bedforrn types c b s e rved in the channels and the sedimentary 

structures generated by these. The grain sizes observed in 

the c hannels are also considered here . 

The Cha n nel De po s its 

This section will consider t he stratif ication depo s ited 

by an aggrading c h annel wh ich starts as one of the major 

channel s in the system, and ends by being a very shallow mino~ 

channel. This type of aggradat ion occurs only ~ithin the 

channel, with no development o f sand flats. This is one end 

member of a spectrum of sedimentary sequences ranging from 

this purely channel deposit to a sequence wi t h a complete 

deve lopment of a sand flut complex (Chapter VI) . 

The top .75 metres of c hannel fill is topographically 

high, and differs little from the deposits of other aggr aded 

a reas in the sy s tem, such as low sand flats . The distinction 

between this toproost channel fill and sha llow water , bar top 

depos i t j on (Chap t e r VI) is somewhat arbitrary , but a complete 

sect i on will b e illustrate d (F ig. 39) . 



FIG . 39. 	 An id2alized section through the channel 

deposits. The upper part of the section 

labelled ''shallow deposition" refers to 

the deposits of minor channels. 
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The base of a newly-established maior channe l is 

erosional in nature . During a flood, switching of a large 

amount of discharge to a different channel will cause that 

c hannel to erode its bed to accommodate the increased flow . 

This has been observed by Coleman (19 69 ) . This erosional 

state lasts only a very short period of time until the stage 

begins to fall. On the base of the channel, a lag deposit 

fo rms which is composed mainly of mudstone intraclasts and 

ice rafted boulders present in the eroded sediment (Chapter 

VII ) . 

Immed i ately above this lag deposit, the chann(~l £iJ l 

will consist. of medium sand with large t rough cros sbe:d ~,; 

deposited by large dunes active at high flow stages (Chapter 

I V) . Scattered pebbles up to 5 cm in di~meter are present 

i n these deposits . Pebbles of this size were observed on the 

beds o f major channels after the recession of the 1975 flood . 

During this high flow stage, much undercut ting of the muddy 

vertical accretion deposits of islands and floodplains 

occurred . Many mudstone intraclasts of high ly variable size s 

were deposited in the channels at that time. Therefore, the 

basal channel fill of large trough crossbeds would also have 

scattered intrac lasts throughout. 

The deposits of flood events are preferentially pre

served in the channels (Chapter IV) because of the larger 

sizes and aeeper scour troughs of the bedforms during high 



132 

stages. Because flood stage velocities are high, even in the 

s hal lower parts of the sys tem, there is only a little fining-

upward tendency in the channel deposits. 

In other parts of the channels, the large bar s dis

cussed previously in this chapter are present. Some of these 

may develop into sand flats (Chapter VI ) , but many simply 

grow downstream, depositing sets of planar tabular crossbeds 

associated with the trough cros sbeds of the other channel 

deposi ts . Because of the modes of formation of these bars 

(Chapter III), and their diagonal nature (this cli ~:pb=r) , the 

paleocurrent directions o f planar crossbed sets would be a t 

high angles to t hose of the trough crossheds. 

As the channel aggrades and flow is diverted elsewhere 

in the braided system, flow depths and velocities decline, 

and the dunes present in it are smaller in size. The deposits 

of this part of the channel will be slightly finer, with 

fewer pebbles and intraclasts present. As the channel aggrades 

farther and is almost completely fi lled, the dunes give way 

at many times to sand waves and ripples. This is similar to 

t he type of sedimentation whi ch occurs on the tops of the 

sand flats. Many small planar crossbed sets and ripple cross-

laminations are formed. These "types o f deposits could be 

regarded as occurring above the ~eal channel fill, but because 

minor channe ls give rise to them in many cases, they are 

inc luG.ed :-iere p a rt of the channel fill . In Fig. 39, the se 

are indicated as "Shallow Deposition 11 
• 
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CHAPTER VI 

THE SAND FLA'I'S 

IN'l'RODDCTION 

The large complex braid bars in the South Saskatchewan 

River are here termed sand flats. They are very important in 

the river because of their a.bunda.nce and size . They form an 

integral part of the large-scale organization of the rive r 

(Chapter III) , and have a great effect on its hydraulic 

geometry (Chapter II) . Because of the size and relative 

stability (discussed later in this chapter) o f these geo~orphic 

elements, their deposits are potentially preservable in the 

geologic record . About 30 sand flats of various sizes and 

morphologies have been mapped in detail (13 are p~esented in 

Appendix 5) and many more have been studied by surface and 

a erial reconnaissance. 

The fundamental reasons for the formation of sand 

flats are not understood. The answer to this question is 

essentially the same as the answer to the question , "Why is 

th is river braided?". The causes of braiding were discussed 

in Chapter I, where the factors which promote braiding were 

conside red. The most important of these in the case of the 

South Saskatchewan River are: 1) a heavy load of sand; 

2) erodible ~anks; 3) rapid, high magnitude discharge 

t l u..-:;tuations. 
133 
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Nowhere i n the literature is there a complete descrip

tion of sand flats or an hypothesis concerning their origin; 

however, illustrations of similar features have been published. 

Collinson (1970, Fig. 3-8 ) showed a number of large sand flats 

in the Tana River which have similar sizes and mor phologies 

to those of the South Saskatcheqan , but these were not des

cribed in the text. Coleman ( 1~69 , Figs. 20 , 21) has illus

t rated and briefly described depositio na l braid bars in the 

Brahmaputra River , which are similar in morpho l o gy to the 

sand flats under stud y here . However, those in the Brahmaputra 

are much large~ than those in t he South Saskatchewan . They 

may be proportionally large r because o f the l arge size of 

the river in which they are developed . 

GENERAL DESCRIP'l' ION OF SAND FLATS 

Sand flats are highly variable in all aspects , but 

particularly in size. They range in length from 50 m to 

approx i mately 2 km , and in width from 30 to 450 m. They 

stand from 1 t o 5 m above the level of the channel beds 

around them (Fig . 3). 

The l arger sand flats, those longer than about 100 m, 

show a great deal of variety in shape because they have per

sisted for several years, t hrough many flood events. Their 

original forms ha ve been greatly modified by erosion and 

accretion. They are elongated parallel to the river (Fig . 38 ), 

but this is the only generality which can be made about their 
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The smaller sand flats show a much more restricted 

range of morphologies. These are interpretable in terms of 

the modes of origin of the small sand flats. Because of the 

importance of the processes of initiati on of sand flats, these 

morphologies will be described in detail in a separate section. 

The sand flats are exposed when the discharge is below 

230 m3/sec (Chapter II) a nd when the river is not frozen 

(Chapter VII). After the recession of a flood, the surfaces 

of the sand flats are covered by bedforms, most commonly 

ripples and sand waves , or bars of varying heights (F ig. 40). 

The upper 10 to 20 cm of th~ sand flats dry out after several 

weeks o f exposure and are commonly eroded by the wind . Aeolian 

sand dunes up to 40 cm in amplitud e are developed in a few 

places on the surfaces of sand flats, but are more coromon 

where sand is blown into an area of vegetation on banks and 

islands (Fig. 41). The sand flats themselves are almost 

devoid of vegetation; however, in some localities, small 

colonies of b u shes may establish themselves. 

In many places, the sand flats are traversed by minor 

drainage channels which are floored by sand waves and ripples 

(Appendix 5, Fig. 13). These channels occupy depressions 

between topographically high p c.rts of the sand flat and, in 

most cases, are non-erosional. They are simply low areas of 

the sand flat where fl ow may proceed. 
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FIG . 40 . 	 A planar crossbed set overlain by parallel 

laminations. These bar and plane bed deposits 

were laid down during the flood of 1975 . The 

tape is extended 30 cm . 
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FIG. 41. 	 A large aeolian dune slipface building into a 

vegetated island. The slipface is approximately 

2.5 m high. 
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Irregular shaped scours, deep holes and occasional 

large cobble s occur on the surfaces of sand flats. These are 

attributable to the eifects of ice and its t reakup in the 

spring (Chapter VII) . 

MORPHOLOGIES AND ORIGINS OF SMALL SAND FLA'l'S 

Many sand flats on the ~cale of 100 rn or less in 

length are believed to be relatively newly-formed. Several 

reasons exist fo.c thi s opinion: 1) some small ~:and flats were. 

observed deve loping during the period 1973-197 5; 2 ) small 

sand flats present during this time were Dot identifiable on 

a set of 19 /l air photos; 3) many small sand flats were 

observed to be destroyed during the flood of 1975. If new 

sand flats of this size w2re not coming into existe11ce, the 

destructive action of high flood stages would have eliminated 

them from the river. 

Because the smaller sand flats have been initiated 

relatively recently , they reflect the conditions and processes 

which formed them much better thar. do the larger sand flats . 

Therefore, the st.udy of the smaller ones is the best method 

available to attempt to gain an understanding of the mechani sm 

of formation cf the sand flats. 

Small sand flats form in areas where the flow widens, 

or where an apparent widening such as a bend in the flow 

occurs (Chapter IV). They develop in the channels, in spaces 

betwee11 iarsfer gecmorphic eleme11ts such as older sand flats, 
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islands , and banks. As will be shown below, their modes of 

origin and morphologies are markedly affected by the presence 

of these o lder deposits. 

The small sand flats have a relatively restric ted 

range of morphologies. They can be considered in terms of 

three end members: a) symmetric;. b) asymmetric; c) side 

fl ats; each of which are illustrated in Fig. 42. They repre

s ent ideal cases, with continuous gradation among all the 

types . 

(a) Symmetric Flats 

As shown in Fig. 42, in its simplest form this type 

consists of a n exposed high area of sand with a bifurcated 

downstream margin. This irregular margin is a slipface , but 

al l o thers slope gently off into the channels. The s lipface 

comprises part of a bar front which extends across the 

c hannels on either side of the sand flat . 

This type of sand flat forms in the middles of 

channels where the flow expands laterally . In Fig . 43, sue

cessive stages in the formation of this type of sand flat 

are shown . In part (a ) , a curving bar is illustrated span

ning the channel where it broadens. As the stage falls in (b) , 

a portion of the bar top near the centre of its downstream 

margin has become emergent. This emergent area acts as the 

body of the sand flat, and is here termed a "nucleus'' . In 

par t (c) , the remainder of the bar front is shown building 



FIG. 42. 	 An illustration showing the three end member types 

of small sand flats. 

Part (a) shows a small symmetric flat, with the two 

horns extending downstream from the main body of the 

flat. 

Part (b) shows a triangular small asymmetric flat. 

Part (c) shows a small side flat developed alongside 

a bank. 
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b 



FIG . 43 . The formation of a small sy~netric sand flat 

fr om a c ross-channel bar . 
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THE FORMATION OF SYMMETRIC FLATS 
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forward, around the nucleus on both sides. The submerged 

parts of the bar are cov e red by ripples and sand waves or 

dunes. The two emergent portions of the bar front which 

extend downstream from the nucleus are termed "horns". They 

commonly build tmvard the central axis of the sand fla t 

because of lateral flow expansion (Chapter IV) around the 

downstream end of the sand flat. 

This sequence o f events has been observed directly 

in one place. By consideration of morphologies observed on 

air photos, the sequence of events is also inferred to have 

taken place at many other localities in the river. An illus

tration of this type of sand flat is given in Fig. 44. 

The reason for one portion of the bar top being 

slightly higher than t he remainder is not clear. It has been 

observed that this high area or nucleus forms close to the 

centre of the bar where the bar is symmetric . This may be 

caused by the pattern of lateral flow expansion over the top 

of the bar. Smith (1971, Fig. 7) has illustrated contours of 

stream power over the top of a small bar. The maximum stream 

power occurs in the centre of the upstream part of the bar 

top, and the minimum at the centre of the downstream margin. 

The difference in the sediment transporting capacity of the 

flow in these two areas may explain why the centra l part of 

the downstream margin builds slightly higher than the rest of 

the bar top. Once an initial difference in height is created, 

it is inc reased as the stage falls and t he flow is more con

f ined laterally. 
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FIG. 44. A small symmetric sand flat formed on a lobate 

bar front. A second nucleus has become emergent 
near this. 
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In a few cases, the control on the location of formation 

of the nucleus is more obvious. Where a part of a bar front 

builds forward onto older, topographically higher deposits , 

the bar top in this area becomes slightly higher . The reason 

for this is no t clearly understood. 

Thi s type of sand flat has a veneer o f ripple s and 

sand waves in most cases, but is composed mainly of the bar 

deposits. Trenching shows that these sand flats are made up 

mainly of one set of planar crossbeds with a complex paleo

c urrent pattern. This will be discussed extensively in a 

later sectio n . 

(b) .i\s yroiaetr ic Flats 

Thi s type of sand flat is very simple , consisting of 

a triangular-shaped, topographically high area deve loped on 

a diagonal bar (Fig. 42) . The downstream margin of the sand 

flat forms part of the bar front which may extend across one 

or both of the channels . 

The sequence of development of this type of sand flat 

is shown in Fig . 45. In part (a), a diagonal bar has formed 

where the flow spills l aterally (Chapters III, IV) because o f 

the control exerted by the pre-existing topography. In part 

(b), as the stage falls , a portion of the bar top at the 

downstream rnc:i. rgin has become emergent . This is a roughly 

triangular part of the bar which has been built slightly 

higher than the ~emainder of t he bar. Because of the diagonal 

nature of the bar, l ater?l flo~ expansion into its lee is 



FIG. 45. The formation of a small asymmetric sand flat 

from a diagonal cross-channel bar. 
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poorly developed. As a result, horns do not form. Asymmetric 

flats remain as triangular wedges of sediment in mid-channel 

(Fig . 4 6 ) . 

Th i s type of sand flat again has a veneer of small 

bedforms , commonly ripples and sand waves. The underlying 

foundation, however, is observed to be the planar crossbed 

se t deposited by the bar front . This crossbed set shows a 

paleocurrent direction at high angles to the river direction . 

(c) Side Flats 

This type of sand flat is developed alongside a stable 

bank of an i sland or floodpl ain. Each of these sand flats 

cons i sts of a wedge of sediment in the form of a bar which has 

advanced towards the bank (Fig. 42) . They greatly resemble 

the s c rol l bars which fcrm the point bars of some meandering 

rivers (Sundborg, 1956; Jackson, 1976) . 

Side flats form in the lees of small points or other 

pro tuberances of the banks. In these areas, lateral flow 

expansion around the point causes the deposition of a bar 

(Chapter IV) with a slipface heading inward towards the 

bank (Fig . 47). This creates a quiet water slough behind 

the bar front. The bar reaches its maximum height near its 

upstream end , and slopes off downstream until it passes into 

the channel. The bar may extend completely across the 

c hannel , linking to another sand flat or island. Side flats, 

t he1:efore, r·2sernble one-half of a symmetric flat. One is 

i llus trated i n Fig. 48 . 
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FIG. 46. 	 A small asymmetric sand flat developed near an 

island. The sharp-edged margin of the flat is 

a slipface facing diagonally across the river. 

Downstream is to the right. A large cross

channel bar is building from the other 

direction. 



FIG . 47 . ~he formation of a small side flat from a cross 

c hannel bar in the lee of a point on the bank . 
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FIG. 48. 	 A small side flat developed downstream from a 

point. The inner margin is a slipface heading 

inward towards the bank, creating a quiet 

slough. The bar comprising the sand flat 

extends downstream, connecting with the sand 

flat shown in Fig . 53. Flow is to the right. 
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Trenching shows that side flats are similar to the 

other types in that they have a veneer of small bedforms ove r 

the planar c rossbed set of the bar . This set of crossbeds 

is observed to show a very high paleocurrent divergence from 

the l ocal river direction . 

These three different mcirphologies of newly-formed 

sand flats all originate from large bars in t he river. In 

Chapter III, the organization of the river was discussed , 

with particular attention paid to the formation of large 

cross-channel bars . Where parts of these bars become emergent, 

new sand flats are formed, as discussed above . The large 

c ross-channel bars are the main loci of formation o f new 

sand flats in the river . 

The change from a cross-channel bar to a bar with one 

or more emergent nuclei to a bar system including one or more 

sand flats is a gradual and reversible process. The small 

sand fl ats are prone to destruction during f loods, when they 

are almost as deeply submerged as the remainder of the bar 

system. 

Mo st of the sand flats seen in the river are l arger 

and more complex (Fig s . 36 , 38) than the ones described above . 

The s mal l sand flats, however, illustrate the basic me chanisms 

of the primary accumulation of sand which may eventual l y form 

a ma ture sand flat . The processes by which the smaller sand 

fl ats are converted to the larger, more complex forms will be 

discussed below. 
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THE PROCESSES OF MODIFICATION 

The processes which will be described below can happen 

to a sand flat of any type or si ze. 'rhe processes of accre

t ion and linking of sand f lats are very important b e cause 

they are the me c hanisms by which the smal l s and fla t s just 

discussed b ecome t he larger , more corr@on forms. Some of 

these processes were observed occurring on many s a nd flats 

for long periods of time (a, b, c, d), but others were infe rred 

from observat:i.ons made on a small numb er of sand flats before 

a nd after a floo d (e, f). 

The six processes are: a ) lateral bar accretion; 

b ) upstre am bar accretion ; c) vertical acqretion; d) lee-side 

sed imentation ; e ) linking of sand flats; f) erosional modifi 

c atio n . 

(a ) Lateral Bar Accretion 

I n Chapter IV, bar f o rmation was discussed in terms 

of f low expansion . In places where the flow curves around 

the side or downstream end of a sand flat, it expands 

laterally, forming a bar. These bars alway s face inward 

t owards the sand fl at an d accrete to it (Fig . 49 ). They also 

l engthen downstre am as the flow is diverted farther around 

them on the falli ng stage. This was documented in several 

places by repeatedly staking the slipface of one of these 

bars. 
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FIG. 49. 	 An oblique air photo of two lateral accretion 

bars building onto a sand flat in the lee of 

an island. This illustrates that lateral flow 

expansion is important in the formation of 

these bars. They are covered by sand waves. 

See also Figs. 27 and 50. 
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This process is illustrated by the maps of sand flats 

presented in Appendix 5, specifically Nos. 4, 5, 6, 10 and 11 . 

This process is essentially the same mechanism which forms 

small side flats (discussed above) and scroll bars in meander 

ing streams. Accretion o f this type occurs mainly at moderate 

to low stages because very high stage flow over the sand flats 

precludes the necessary flow expansion. The accretion of a 

bar to the side of a sand flat creates a quiet, backwater 

slough between the slipface and the sand flat where mud and 

organic debris commonly accumulate . 

Whe re flow expansion occurs from both sides around 

the downstream end of a sand flat, two bars are formed which 

f ace one another (Appendix 5, Nos. 5, 10), similar to the 

horns on a small symmetric sand flat. The bars discussed 

here differ from the horns in that they are secondary , and 

may have formed a long time after the main body of the sand 

f l at . They may taper off downstream or they may form cross

channel bars. Trenching shows that these accretionary bars 

are composed of small to moderate (less t han 40 cm thick) 

sets of planar crossbeds which have paleocurrent directions 

at high angles to the river direction. 

Lateral bar accretion is very common in the river 

(Figs . 13, 38) and appears to be one of the most important 

mechanisms of growth o f the sand flats. 



154 

(b) Upstream Bar Accretion 

This process is similar to the one described pre

viously in that a bar accretes onto a sand flat ; however, 

it differs in that the bar advances directly downstream onto 

the sand flat (Fig. 50). The process is illustrated in 

Appendix 5, Nos . 8 , 13 . The reason why a bar should advance 

up a slope is not entirely clear, but it appears that the 

process occur s at high stage. Bars which form upstream of 

sand flats in areas of widening channels are driven up onto 

the backs of sand flats. As the stage falls, they are left 

exposed, accreted to the sand flat. ~os t of the exposed bar 

rests on pre-existing sand flat deposit , but some is probably 

underlain by channel deposits . 

Upstream accretion wedges are common in the system. 

However , the process only occurs at high stage, and it is 

believed, happens so infrequently to any one sand flat that 

little upstream growth occurs, relative to the amount of 

lateral and downstream bar accretion . 

This process causes the deposition of planar crossbed 

sets on the upstream ends of sand flats . These crossbeds, 

observed in many trenches, do not show as much pa leocurrent 

deviation from the local river direction as do those deposited 

by lateral bar accretion . 
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FIG. 50. 	 A sand flat which has undergone rapid accretion. 

A large upstream accretion bar was built onto 

the sand flat in the flood of 1975. Major amounts 

of vertical accretion have also taken place. 

Lateral accretion is also evident on the side 

of the sand flat. Flow is to the top right. 
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(c) Vertical Ac c retion 

Sediment can be transported onto the sand flats only 

during moderate to high stage. Although this condition may 

prevail only a small fraction of the time, substantial amounts 

of sediment accumulate on the sand flats because of high sedi

ment transport rates during floods. 

The greatest amounts of vertical accretion r esult from 

the advanc ement o f large bars over the surfaces of the sand 

flats. This process is indicated on maps 1, 2, 3, 6, 7, 8 and 

13 in Appendix 5 . Lesser amounts of accretion occu r b ecause 

of the migration of ripples, sand waves, dunes and p lane bed 

on the sand flats . Of these , the lower flow regime b e dforms 

are present at moderate stages , and the plane bed at very 

high stages. In many cases, the crossbeds deposited by the 

large bars appear to have replaced previously existing lower 

stage deposits. On several sand flats, the thickness of the 

vertical accretion deposits after the 1975 flood (about 1 

metre) was much greater than the topographic change . There

fore, the pre-existing deposits must have been partly eroded 

before the deposition of the flood deposits. These consisted 

of large bars depositing planar crossbeds, capped in some 

cases by as much as 40 cm of parallel lamination (Fig. 40) 

Because of this selective pre servation of flood deposits, much 

of the deposits 0£ the sand flats is believed to consist of 

plan ur cros sbeds. 
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If a flood stage is very high, the flow sweeps directly 

downstream over the sand flats. In this case, the vertical 

accretion deposits have paleocurrent directions very close to 

the local river direction . This was the result of the 1975 

3flood (peak flo-v of 1812 m /sec); the planar crossbeds and 

parting l inea~ion on the parallel lamination headed directly 

downstream. 

However , if the flood stage is not so high, the bars 

building over the sand fla t s are markedly affected by the older 

topography of the sand flats . As the flow begins to wane, 

parts of the bars building over old high areas cease to migrate 

and the remainder of the bar fronts build around them . This 

is analogous to the formation of small symmetric flats . 'This 

is shown in map 3, Appendix 5 , where a younger bar front has 

built over a pre-existing sand flat. This map was made after 

the recession of the 1974 flood (peak flow 850 m3/sec) . This 

bar was not built into deep water or directly ont o channel 

deposits. Vertical accretion bars of this morphology were 

corr.men after the 1974 flood . It is important to distinguish 

the true development of a new sand flat from this type of 

reworking of an old one, even though the resulting morphologies 

may be superficially similar. 

The planar crossbeds in this case were observed to 

have a higher paleocurr ent dispersion than ones deposited by 

a very high flood. 
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The major exception to all this is the case of side 

flats, where the banks constitute an obstruction to flow at 

a ll stages . In this case, deposits of all stages have paleo

c urrent direc t i ons which are observed t o head towards the 

bank . 

(d ) Lee -side Sedimentation 

Bec ause sand flats are obstructions to low and modPrate 

flows , they create protected, low velocity areas in their 

lees . During ~oderate flows, sand is transported over the 

top o f a sand flat, and is trapped at the downstream marg i n, 

usually in the sl)_pf&ce. At lower stages, when the sand flat 

is emergent, fine sands and silts are t ranspor ted around the 

sides of the sand flats and deposited in the area of quie t 

water (Appendix 5, Nos. 2, 7 , 11) . Where two downstream

pointing horns are present on a sand flat , the area between 

t hem receives only silt and mud sedimentation (Appendix 5 , No . 3). 

This process probably accounts f o r a large amo unt of 

t he g r owth of many sand flats. Moderate and high stage fore

s et deposits alone have been observed to cause a sand flat to 

extend several metres downstream in only a few days . 

(e ) Joining of Sand Flats 

To create very l arge sand flats (see map at back of 

the sis), either s ma ll sand flats must accrete a great deal, or 

severa l sand flats must be joined into a s ingle entity . A 

precess wa ~ observed in two places which, in each case, caused 
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the linking of a pair of smaller sand flats into a larger one. 

This process was inferred to have happened by comparing con

figurations and morphologies of the sand flats in the local 

area before and after the flood of 1975. Because no formal 

mapping had been carried out in these two areas, only recon

naissance, it is not possible to present maps to show the 

changes. 

The process involved the building of a large bar 

across the downstream end of a small cha nnel separating two 

sand flats (Chapte r IV) . This bar built up at high stage 

until it was at the same topographic elevation as the two 

sand flats. When the stage fell, the channel was completely 

blocked and the two sand flats were joined. 

This mechanism may be the way in which very large 

sand flats form. Because the formation of these very large 

ones probably takes years, this has not been directly observed, 

and the proposed mechanism is speculative. Enough minor 

channels could be blocked to create the wide expanses of sand 

flats which are now observed at many places in the river. 

(f) Erosional Modi fication 

In many cases, the morphology of a sand flat is 

markedly cha nged by erosion, where a channel migrates laterally 

against it. This process was discussed partly in Chapter V 

in the sec tion on channe l shifting, and is illustrated in 

F iq. 38. 11 most cases, a curving erosional margin is created 

by a channel cutting laterally into a sand flat (Fig. 51) . 
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FIG. 51. 	 The sand flat in the foreground has been eroded 

on both sides. On the near side, small erosion 

faces can be seen at the vegetated area. On the 

far side, a typical curving erosional margin is 

present. Flow curves around to the right. 
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Erosional trirruning of the tops of some sand flats also 

occurs at moderate to high stages when the flow can sweep over 

them. The upstream ends and sides of sand flats are the areas 

most prone to suffer this, because they are most exposed to 

the oncoming flow. The depth of erosion is h ighly variable. 

A series of stakes driven into selected sand flats shewed 

that the depth of erosion over a 9-month period (September, 

1974 - May , 1 975 ) was up to .5 m, but was highly variable. 

Much of this removal may have occurred dnring the winter or 

at breakup in the spring (see Chapter VII) . 

These six typ es of processes are the most iraportant 

ways in which sand flats are modified. Lateral bar accretion, 

vertical accretion, and joining of sand flats are probably 

the more quantitatively important constructional processes. 

These are the means by which small sand flats grow and change 

into the larger forms which will be discussed in the next 

section .. 

LARGE R SAND FLATS 

As a result of the interaction between the processes 

of modification and pre-existing sand flats, most s~nd flats 

differ markedly from the sma ll sand flats discussed previous ly. 

This is shown by inspection of most air photos (Figs. 36, 38) 

and Lhe maps of Appendix 5. In Fig . 52(a ), one tjpical sand 

flat is ill u3trated , with topographic profiles across jt 
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FIG. 52(a). A typical sand flat. Flow is to the right. 



FIG. 52(b ). Topographic profiles across the sand flat in (a). 
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FIG. 52 (c ) . 	 A large side f lat with several lateral 

accretion bars, an aeolian ridge and a 

deep slough at the bank side. It is 

linked by cross-channel bar to the sand 

flat at the he ad of the island. Flow is 

to the lower left. 
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shown in (b) of that figure. This sand flat has undergone 

u pstream and vertical accretion, as shown by the ba.rs deve

loped on it . It is covered in most areas by sand waves and 

ripples . It is linked by cross-channel bars to other sand 

flats at both its u pstream and dm.."Tistream ends. 

Unlike t h e small sand flats discussed previously, no 

easily interpreted modes of origin exist for t hese larger , 

more complex sand flats. The small sand flats represent 

simple deposiL.onal forms which are es sential l y u nmodified 

af tGr their formation , what Smith (1974) re ferred to as 

"unit" bars. 'Ehe larger sand flats, however, may have very 

c omplex histo1ies . For example 1 t he sand flat illustrated 

in Fig . 52(a) is developed on the site of an older sand flat. 

It is known fron1 air photos and napping of the area (downstream 

part , map 13, Appendix 5) that a sand flat had existed in 

t his location for at least four years previously. This older 

sand flat was extensively modified during the flood of 1975 

with the sand flat shown in Fig. 52(a) resulting from part of 

it. This sand flat, the refore , has more than the deposits of 

a single bar within it. It possesses the deeper deposits of 

the older sand flat, which was itself very complex. The 

details of strat ification will be considered in the last 

section of this chapter . 

Another l arg e r sand flat is shown in Fig . 52(c) . This 

s a nd flat i s ~eve loped along the side of t h e river bank, and 

t}.er(:>foi~e Ci 1:. ypG Of s i de flat . Air photos show that a sand 
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flat of similar morphology has existed here since 1967 . The 

present morphology of the sand flat results from the reworking 

of the older sand flat in the flood of 1975 . The sand flat 

slopes upward away from the channel until it reaches an o lder, 

higher aeolian ridge which is partly vegetated. At the bank 

side, a deep backwater slough exists, which i s bordered by a 

slipface heading inwards towards the bank . At the outer mar 

gin of the sand flat, a lateral accretion bar has been driven 

onto the flat. Th i s bar is also heading inward to ~ards the 

bank. Except f o r the aeolian ridge, the entire surface of 

t he sand flat is covered by sand waves and ripples . Cross

channel bars link it to other sand flats at both its upstream 

and downstream margins . 

This sand flat will again have a substructure wh ich 

it inherited from older ones developed here. The presence of 

the bank is apparently an effective control on the morphology 

of a sand flat developed at this locality. Bec ause the o lder 

sand flats shown on air photos had essentially the same 

morphologies, the paleocurrent directions of the major cross

bed sets within them will all be heading inward towards the 

bank. 

SAND FLAT COMPLEXES 

Sand flat complexes hav~ been described briefly in 

Chapter III (Fig . 15), and illustrated on the map at the back 

o f this thesis. A map of a typical sand flat complex is given 
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in Appendix 5, No. 13. They may consist of very large single 

sand flats or several sand flats separated by channels which 

are less than 1.5 m deep. Two sand flat complexes typical of 

these types are illustrated in Fig. 15 and Fig. 53. 

The sand flat complex shown in Fig. 53 is the largest 

single sand flat in the river , ~xtending about 2 km in length. 

It incorporates several islands within itself and is crossed 

in a few places by shallow drainage channels. These are dry 

at low to moderate river stages, and are susceptible to 

infilling at floo d stages . The upstream part of this sand 

flat probably has survived since 1960, when a sand flat 

existed in the s ame location. This part of the sand flat 

has been subjected to many floods since 1960 (Chapter II). 

In the flood of 1975, this sand flat received rapid verti cal 

accretion, with many large bars being driven up onto its 

surface. 

The sand flat complex illustrated in Fig. 15 consists 

of a number of individual s and flats along with several small 

channels. Many of the sand flats are linked by cross-channel 

bars. The sand flats have highly variable morphologies, 

reflecting the large amounts of modification they have 

experienced. Each sand flat in the complex may have evolved 

separately and then linked up with the others, but it is more 

likely that each influenced the other. In some cases, this 

type of complex may be the result of dissection of larger 

sand flats by shallow channe ls. The morphology is not 

diagnostic of any particular mode of formation. 
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FIG. 5 3. 	 The largest sand flat in the river. It 

incorporates three islands within itself. 

Only very minor channels cross this sand 

flat. (Photo 155) 
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The deposits of a sand flat complex, therefore, may 

bear little relation to the surface features. The stratifi

cation will be considered in a following section. 

The reasons for the formation of these very large 

geomorphic elements are not understood. The processes involved 

in their formation must involve a build-up of sand and the 

exclusion of major channels . They do not occur in any 

specific relationships with islands or banks, so they do not 

seem to be contr olled to any great extent by these stable 

elements. Their development, therefore, may be controlled 

entirely by the long- term pattern o f major channel migration. 

HYDRAUL I C COMPARISON OF SA.~D FLATS AND CHA~NELS 

In Fig. 54, the ranges of depth-velocity conditions 

observed in the channe l s and on the sand flats are illustrated. 

Also on this diagram, the stability fields of sand waves, 

dunes and plane bed (af ter Boothroyd and Hubbard, 1974) are 

shown. Some of the points are estimates of mean veloc ity 

from the observed surface velocities, and one is an estimate 

of velocity from the bedform type and the depth. The points 

repre sent all observed flow stages. It should be emphasized 

that this diagram represents only an es timate of the conditions . 

The diagram shows that there is considerable overlap 

in the conditions of shallow channe ls and sand flats. This 

overlap oc~urs mainly i n the sand wave field , but partly in 

the dune fi~ ld. Both minor channels and s and fl a ts may have 



FIG. 54. 	 A depth-velocity plot of the channels and sand flats. 

This diagram attempts only to show the range of 

variation in the conditions present in each. Some 

of the points are estimates from the bedforms present 

and. the observed depths. Others are estimates from 

surface velocity measurements made in the channels at 

flood stage. Line A separates conditions which produce 

sand waves (left) from dunes (right), and Line B sepa

rates dunes (left) from plane bed (right). 

The dots represent measurements and estimates made on 

sand flats and triangles represent those made in channels. 
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b o th these types of bedforrns deve loped on them. However , 

dunes are more common in small channe ls, and sand waves are 

more common on sand flats. Channels have much deeper flows 

than sand f l ats, but the maximum velocities are not much 

different . The difference in depth, however, keeps the 

c hannel flows in the dune stability field, whereas the fastest 

flows over the sa~d flats reach the plane bed field . 

If the plotted points proportionally represented a ll 

c onditions in the two sub-environments, it is believed that: 

s and flats and channels would be more distinct. Sand flats 

would concentrate in the sand wave field , and channels mainly 

in the dune field . However, sampling problems preclude this 

approach. 

THE STRATIFICA'I'ION OF SAND FLATS 

In the last two sections , the diversity and complexity 

of larger sand flats and sand flat complexes have been dis

cus sed . Because mo st of these large sand b odies are developed 

on pre-existing deposits, the internal stratification is not 

directly predictable from the surface morphology . Only in 

the cases of the s mall sand flats discussed earlier can the 

stratification be deduc ed from the surface morphology . 

Because of this uncertainty and the inherent vari

ability of sand flats, on ly general patterns of stratification 

can be presented . Also, a limited amount of data is available 

becaus e (l) deep t renching was impossible due to the high 
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water table, and (2) no systemat ic trenching plan could be 

followed because of the size and variability of sand flats. 

Locally, significant deviations may occur, but these cannot 

be discussed because of the large numbers o f possibilities . 

The stratification sequences reported in this chapter 

are the result of integration of data from the following 

s ources: 1) trenchihg ~o the water table on sand flats; 

2 ) inferences from morphologies of small sand flats; 

3) inferences and observations on the processes of modifica

tion of sand flats; 4) study of a bank section believed to 

be an older sand f lat deposit (Appendix 2) . 

Exten sj_ve trench ing on many different sand flats in 

August , 1973 and 1975 revealed that the higher deposits of 

sand flats consisted of moderate to large-sized planar 

c rossbed sets covered by smaller structures such as shallow 

scour fills , ripple cross-lamination , small planar crossbed 

sets, and some small trough crossbeds. Most of these 

s tructures are attributable to shallow water deposition or 

i ce action (Chapter VII) on the sand flats. The deeper 

s t ructures of sand flats were investigated by trenching and 

box r.oring small, newly-formed sand flats, and by considera

tion of their morphologies. The stratification of larger 

sand flats and sand flat complexes were studied by observing 

and monitoring processes of modification of sand flats, a long 

with trenching the results of these processes. Study of the 

deposits preserved in the baPks of the river , particularly 
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in one long section near Outlook (Appendix 2) helped tie all 

t he stratification data and inferences into one coherent 

whole. 

THE BANK SECTION (Appendix 2l 

This bank showed sequences of sedimentary structures 

which resembled those seen in trenching the upper 50 cm of 

the sand flats, and those observed in box cores and lnferred 

f rom processes and morphologies to exist below this . This 

bank i s on the east side of the river, and has probably been 

p reserved because of bridge construction near it. It extends 

almost 250 m downstream and stands 1 . 5 to 2 m high. The 

sections shown in Appendix 2 are separated by about 8 m each . 

Each section was tied into an arbitrary topographic datum , 

so they bear the correct topographic relationship to each 

other. They have been divided into three units (in most 

cases) and correlated with one another (Appendix 2) . 

The three major units are defined to be: 1) a basal 

unit of planar crossbed sets greater than 30 cm in thickness; 

2) a middle unit of small planar and trough crossbed sets , 

irregular scour fillings, ripple cross-lamination and parallel 

lamination ; 3) an upper unit of mixed sandy and muddy vertical 

accretion deposits. The t wo lower units are almost all sand 

and are believed to be sand flat deposits f or the following 

r r:! a sons : 1 ) their resemblance to the deposits obse rved in 

SO cm d2e p trenches on the sand flats; 2) the presence of 
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stacked sets of planar crossbed sets at the bottom of the 

sequence; 3) presence of mud drapes in scours cut into the 

second unit; 4) most of the planar crossbeds have paleocurrent 

direct ions at. high angles to the present riverr heading inward 

towards the bank. This latter fact suggested that the bank 

was formed by a side flat. 

The planar crossbeds in the basal unit comreonly dip 

less than the angle of repose, and may be very asymptotic at 

the base. Reac t i,at2.on structures are c ommon within them. 

These probably represent the main body of ~he sand f lat, the 

lateral and vertical bar accretion from one side onto lower 

sand flat deposits. 

The second unit is very heterogeneous, representing 

deposition in shallow water on top of the sand flat, and 

modification of the top of the sand flat. The ripple cross

laminations, small planar crossbed sets, trough crossbed 

sets, and parallel lamination represent the deposition of 

sand in ~he forms of ripples, sand waves, dunes and plane 

bed respectively . The irregular scours are small erosional 

features cut into the top of the sand flat, many of which may 

be related to ice action (Chapter VII) . Some of these are 

filled by well-sorted, faintly laminated sand which may have 

been blown in. 

In profiles 24 - 26, the crossbed sets in unit 1 head 

out tm·1ards the channel. This may represent a subsidiary bar 

building out of the slough at the bank side. The unit of 

http:i,at2.on
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ripples at the bottom of sections 19 - 21 probably represents 

a small channel cutting across the sand flat, heading towards 

the slough at the bank. 

The data obtained from this bank section showed that 

the patterns of sedimentation , of side flats at least, are 

reflected in the preserved deposits. It is inferred that 

this link established between the processes of sedimentation 

on active side flats and the preserved deposits in the bank 

c an be extended to mid-channe l sand flats . 

THE SEDIMENTARY SECTION 

In spite of the variability among sand flats, enough 

similarities exist to al low some generalizations to be roade 

about their stratification. All newly-formed sand flats 

originate from cross-channe l bars: therefore, the lowest unit 

o f a sand flat should be a planar crossbed set developed on 

top of tr?ugh crossbeds of a channel deposit. The different 

morphologies of the small sand flats will be reflected in the 

paleocurrer1t pattern of this crossbed set . For each of the 

three morphologies, the paleocurrent variation is shown beside 

the general s ection through a sand flat shown in Fig. 55. 

The symmetric flat has a lower crossbed set which ha s tri

modal d irection, representing t he main body o f the flat and 

the two horns. The other two types have lower units with uni

modal directions at high angle s to the river direction. 



FIG . SS. 	 An hypothetical section through a fully developed 

sand flat. The paleocurrent patterns for the 

different types of sand flats are shown on the right. 

The downriver direction is represented by a vertical 

arrow. The arcs represent possible ranges of paleo

current directions. 
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Most of the processes which result in the growth, 

linking and modification of sand fl a ts involve bars. 

Therefore, most of the deposit above the basal s e t will con

sist of planar c rossbeds . The thicknesses of the sets should 

decline upwards because of the increased topographic he ight 

of the sand flat and the likelihood of truncation by later 

s ets. 

The l ower two sets of the middle unit r epresent 

lateral and upstream bar a ccretion onto the s and flat . The 

paleocurrents of these sets in mid-channel types of sand 

flats show wide spreads in directions because of the diversity 

of processes involved. The paleocurrents of these sets in 

the side .f J.ats show unimodal directions simi lar to the basal 

sets . This occurs because accretion c an only t ake place from 

one side due t o the presence of the bank. 

The upper planar cros sbed set and the upper flow 

regime parallel lami nations represe nt vertical accretion 

during flood stages. These types o f structures were observed 

to comprise the main deposits of the 1975 flood. In the mid

channel flats , the paleocurrent directions of these deposits 

may be unimodal and parallel t o the river direction because 

the f lood flow was high, and swept directly over the s and 

flats. If the planar crossbeds are the deposits o f a l e sser 

fioo<l, howevcri they will show a greater paleocurrent dis

pers ion. On side flats , the paleocurrent directions of these 

deposits head at a high angle to the river direction because 

the bank provides a constraint at all stages . 
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The scour, reactivation structure, and ripple accre

tion zone illustrated as occurring in the crossbeds of this 

middle section may occur anywhere . They are irregularities 

and are impossible to predict. 

In the upper part of the section, the deposits of 

shallow water prevail. These consist of ripple cross-

lamination, small planar crossbed sets deposited by sand 

waves, and a small amount of plane bed. In addition, there 

T..L.is one planar set deposited by a lateral accretion bar. .'. L 

has a paleocurrent pattern of high dispersion. With the 

exception o f the bar cross-stratification, these shallow 

deposits re semble the deposits at the tcp of the cha nel 

sequence (Fig. 39). 

Not illustrated here are many irregularities of sedi

mentation which occur locally on the tops of sand flats. 

Some of these are described briefly below. 

1. Deep, circular, isolated pools are sometimes 

present on t he tops of sand flats. These likely form because 

of scour pockets at irregularities in bar fronts, but are 

maintained by scour under the ice during the winter (see 

Chapter VII) . 

2. Many minor structures are generated by waves 

striking the tops and margins of sand flats. Small beaches, 

wi th concentrations of magnetite and garnet, wave ripples, 

anrJ 10 cm h.i qrt hoo}~2c1 spits are common. 
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3. Small aeolian dunes i n places are present on the 

s a.nd flats which may be preserved (this chapter) . 

4. Other minor structures generated by ice (Chapter 

VII) I animals or rain. 



CHAPTER VII 

WINTER EFFECTS 

INTRODUCTION 

Of the worl~'s 21 major river systems (Coleman, 1959 ) , 

eight are frozen more than 100 days a year (U . S . Navy Hydro

graphic Office, 19L!6). In spite of this , little is known 

about the effect3 of river ice on sedimentary processe s or 

d e p o sits . Very few studies have been done on frozen r i vers, 

partly because of the difficulties in working in winter 

c onditions. 

The South Saskatchewan River is c ompletely ice-covered 

fr om early November to mid-April most yeo.rs (Water Survey of 

Ca n ada, 1965-1971). This ice cover , and its breakup i n the 

spring , might be expected to have significant effects on the 

system. Because little work has been done on ice-covered 

rivers , the nature of these effects could not be predicted . 

Therefore, a visit was made in April, 1975 , to observe the 

river prior to and during breakup. 

As was discussed in Chapter II, the Gardiner Dam has 

al~ered the discharge regime of the river during the winter 

mc1r.~:hs . Before the darn , during the months of December through 

M~rch, t h2 ~verage discharge was about 100 m3/sec; since 

180 




181 

complet ion of the dam, the averclge discharge has been about 

300 m3/se~. This increase in d ischarge under the ice may be 

the most important artificially imposed c hange in the river 

regime . Th roughout this c hapter, consideration will be given 

to the possibility that this has modified the observed 

processes . 

THE RIVER I N WINTER 

As has b e en stated above, th~ entire river system is 

covered by a layer of ice during the winter months. This ice 

cover shows great variability in struct ure, compositi.on and 

thickness in different parts of the river. 

Over the c h annels, the ice is corrunonly - a homogeneous 

grey mass up to 50 cm thick, with no visible ice crystals. 

Over some major channels, however, the ice is made up of 

frozen-in ice blocks , many o f whi ch are oriented vertically. 

This indicates that a minor breakup occurred, forming the 

ice blocks, which were then frozen into a solid ma s s . The 

timing of thi s event, whether at freeze-up or later in the 

winter, is unknown. The ice cover over some minor c hanne ls 

is composed of alternating layers of ice and water . lJp to 

four separate layers of water were observed at a single 

locality. 

On t he sand flats, the most common type of ice is 

mad e uo of two distinct layers. The top layer (up to 50 cm 

thick ) is c crnrosed o~ly of v e rtically orie nted prismati c ice 

http:compositi.on
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crystals which average 15 cm in length. The lower layer is 

homoge neous grey ice much like that reported from the channels. 

The total thickness of the ice on the sand flats has been 

observed to be as much as 75 cm. In many places, thin, 

irregular patches of sand are present on the ice surface over 

the sand flats. The patches of sand may be rippled, indicating 

that flow over the ice occurred, at least locally. 

Along the margins of the sand flats, c racks up to 5 cm 

wide penetrate the ent ire thickness of the ice. These cracks 

parallel the ~argins o f the s a nd flats where they begin to 

slope of f into the channels. The cracks are attributed to 

falling stage which caused lowering of the ice in the 

channels. Because the ice cover on the sand flats is sup

ported by sediment, the ice at the margins of the flats is 

f o rced to crack to accommodate the bending of the once-flat 

sheet. 

Small holes up to 20 cm in diameter are present along 

the margins of some channels. These are believed to be air 

holes kept free of ice by beavers and muskrats. On the ice 

surface beside some of these holes, small accumulations of 

sand have been built up . Sand in suspension was observed 

being carried onto the ice surface through some of these 

holes. Probing the channel bed through these revealed that 

the bottom s ediment is not frozen, and in some c a ses is 

rippled. 
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By chopping through the ice .cover on a sand flat, it 

was determined that the sediment is frozen to a depth of at 

least 15 cm. It is believed that the surfaces of all the 

sand flats are frozen mo st of the winter under the ice cover. 

This is important because it implies that the sand flats are 

essentially immobilized during the winter month s, with only 

small modific.;;tions to their margins possible. This may 

account , in part , for the relatively slow changes in sand 

flat position and mo rphology (Chapter VI) . 

Because of t h e ic "~ caver and the irrm1obil ized sand 

flats, the flew in the channels ls constricted in a ll direc

tions. Any in8rease in discharge dur ing the winter months 

must be accormnodated in the channe ls, probably resulting i n 

r elatively higher flow velocities . This effect may lead to 

deepening of the channels under the ice cover. However, this 

is speculative because no direct investigation o f the 

hydraulics of the flow under the ice could b e made. 

The upper muddy layers of the floodplain and is land 

banks are frozen to depths of 30 to 50 cm . The sandy layers 

underne ath are not frozen and are subject to erosional attack 

i f the flow impinges on them. Where the muddy layers are 

undercut in this manner, they develop large cracks parallel 

to t h e bank margins. Very large ( 5 m x 1 m) chunks of the 

mud dy layers break free in this way , forming mud intraclasts. 
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In the pre-dam period, ·winter conditions in the river 

were likely to have been somewhat different. Discharges 

were so much lower that the sand flats were not covered by 

the flow during the winter months. Interstitial water in the 

sediments of the flats would have frozen very early in the 

winter a nd remained solid until spring . The sand f lats were, 

there fore, even more static during the winter months of the 

pre-darn era. Because of the lower d.ischa.rges, flow velocities 

in the cha~nels were less, resulting i n lower rates cf sedi

ment discharge and less scouring . Temporary t haws generated 

increases in discharge which caused higher flow velocities 

because o f the constriction effect discussed above. This 

effect would have been present be f ore, as wel l as after, dam 

construction. 

In conclusion, it can be said that the construction 

of the dam has altered the system in winter to some extent, 

but most processes and their results are not markedly different. 

SPRilJG BREAKUP 

On some rivers, the ice breakup is a violent high 

energy effect. Collinson (197lb) has described the effects 

of this type of breakup on the sediments of the Tana River . 

Because of snov.7ffie lt in the nearby mountains at the same time 

as the river ice of the Tana is melting, breakup occurs during 

a rs r id rise in stage . Conside r ab l e ice jamwing and flotation 

of ice b : oc~s onto bars takes place at this time. The 
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grounding of these blocks generates linear drag marks and 

push ridges of sediment. Scouring around grounded blocks 

and l ocal deposition of the eroded sand creates mounds and 

h o llows of up to 1 m relief . Most of tne documented effect s 

are, therefore, a result of the rapid rise in stage and the 

high energy conditions which prevail during breakup. 

In the Sout~ Saskatchewan River, discharges may be 

high in early Apr il when breakup occurs . However, they are 

more com.manly low to rr:oderate, i.e., 150 to 300 m3/sec 

(Chapter II). This results from ~he fact that little s now 

is present in the immediate vicinity to supply large volumes 

o f water (see section on Climate, Chapter II) , and t h e distant 

mounta i nous source :cegion remains cold enoug-h that snowmelt 

there does not add to the discharge at breakup. The major 

flood peak c omes in June most years, long after breakup has 

occurred. 

The Sequence of E~ents at Breakup 

The style of breakup in the South Saskatchewan River 

reflects the low energy state of the flow while the ice cover 

is being removed . Much in-situ Il'elting and softe ning of the 

ice occurs as daytime temperatures rise above o0 c . The 

l argest channel opens up first, from upstream to downstream 

(Fig. 56) . At the downstream end of the open water , an ice 

jam for.n;:: <·., hich moves intennittently downstream as the breakup 

proceed s . The open channel widens as large ice blocks (up to 

5 x 10 m) break loose fr om the channel margins . The sizes 
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FIG. 56. The main channel opening from upstream to 

downstream with an ice jam at the end. 
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and shapes of these blocks are controlled by the cracks formed 

in the ice cover along the margins of the sand flats. Even

tually the minor channels open in the same way that the major 

channels did, but with correspondingly smaller ice blocks and 

ice jams . 

After the minor channels break up, the sand f lats 

remain ice covered . On some topographically low sa:'.'ld flats, 

the ice is floated free or broken up by the f low , generating 

more ice blocks in the channels. Large fl oating ice blocks 

may ground an d rc.:main on these flats .if the stage falls. On 

the majority of the sand flats, however, the main body of the 

ice melts in situ, with neltwater draining through ho les and 

cracks, and flowing under the ice cover. buring this period, 

the frozen s ediment crust on the tops of the flats melts also. 

By the time all the ice has melted from the sand flats , normal 

summer processes are restored. 

At the time of the visit, the nearby North Saskatchewan 

River was also breaking up. This river is similar in size to 

the South Saskatchewan, but is essentially unmodified by man. 

The breakup on this river resembled the one just described, 

with low flows and much in situ melting of the ice. This is 

an indication that the breakup observed on the South 

Saskatchewan was not markedly different from what it would 

have b0en if the river were not controlled. 
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In most years of the pre-dam era, the discharges of 

the river were low about the time breakup normally would 

have occurred . However, in a few years, high stages were 

recorded around the expected time of breakup. These probably 

caused breakup events much like that described by Collinson 

(197lb), with higher energy conditions prevailing . An 

occasional breakup of this type probably had l i ttle permanent 

effect on the river system. The presence of the dam has 

reduced the probability of this type of breakup occurring in 

future years. In t hi s respect, the river regime has been 

a ltered, and the long-term effects of the change cannot be 

predicted. Few short-term effects are apparent at the present 

time , however. 

THE EFFECTS OF BHEAKTJP ON THE SEDIMENTS 

Not all of the events described above affect the river 

sediments to any great extent . The major events and processes 

which modify the sediments will be discussed below in greater 

detail. 

(a) 'The Ice Jam 

The main ice jam forms at the downstream end of the 

open water where floating ice blocks collide with the softened 

ice cover (Fig. 57). Some blocks crash int o the jam and add 

to it on its upstream end or ride up on top of the blocks. 

Smaller blocks may dive under the jam with the downgoing flow 

and may ~mrface within the jam. The water which descends 
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FIG. 57. Part of the ice jam shown in Fig. 56. 

Some of the blocks are 10 m in length. 

Flow is to the left. 
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under the jam upwells behind it, eventually melting the ice 

up to 200 m downstream. In some cases, a second very small 

jam may form at the end of this o pen reach. As more and more 

large blocks crash into the main jam and it is weakened by 

melting, it becomes unstable . After much jostling and 

rearrangement of ice blocks, it finally gives way a nd surge s 

downstream at a walking pace to the end of the open water. 

By this method, the jam proceeds downstream and the channel 

opens. 

The length of time the jam remains in one place is 

unpredicta:Ole. It was observed to be stationary for per i o ds 

rangin g from one-half hour t o more than five hours. Because 

the flow is constricted beneath it, the jam can cause con

siderable scouring of the channel bed if it remains in one 

place long enough. At the locality where it was observed for 

more than five hours, sounding with a weighted line reve a led 

a scour up to 1.5 m in depth. The ice jam, therefore, may 

have an important local effect on the sediments of the 

channels. 

(b) Grounded and In Situ Ice Blocks 

During breakup, floating ice blocks commonly ground 

on slightly subme rged s and flats, then act as obstac les to 

the flou . In cases where blocks come to rest on irregular 

base::; ~~ , or who:~re two blocks are strande d very close to one 

another, flow constriction occurs with local scouring of the 

surfa ce o f the sand f lat (Fig. 58). Some scours were observed 
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FIG. 58. A shallow scour in the lee of an ice block 

grounded on a sand flat. The rod is marked 

in 10 cm intervals. 
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being filled from the side by avalanching sediment which had 

been transported aroand the ice blocks. Where a block with 

a flat base grounds, deposition may result with a sand shadow 

being created. These erosional or .depositional effects may 

also result from the flow being obstructed by a large in situ 

block. 

Some ice blocks which have been partly melted under

neath by the flow have bulbous knobs of ice extending down

wards from their base3 . In several places, these knobs were 

observed to penetrate the surfaces of the sand flats, 

creating steep-sided holes up to 15 cm deep (Fig. 59). It is 

unclear whether t hese knobs sank into the sediment because of 

the weight of the ice, or were surrounded by sediment during 

local deposition. It is probable that both mechanisms are 

operative to some extent. 

Although no direct link can be established, it is 

possible that some of the irregular scour-f il l cross

stratif ication observed in the sand flats is caused by the 

presence of the ice blocks . 'rhe scour fills are commonly 

solitary, not occurring in great numbers cut into one another 

as trough cross-beds do. The scours may be filled by angle 

of r epose foresets or by low angle cross-stratification. The 

basal scours of these sedimentary structures are on a similar 

scale and have similar shapes to the scours found in the lees 

of ice blocks. While other processes may form scours on the 

sand flats (Chapter VI) , s ome of the m probably result from 

the presence of strand e d ice b loc ks. 
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FIG. 59. 	 A knob on the bottom of an overturned ice 

block, and the imprint it left on the 

sediments. 
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(c) Floating Ice 

Some evidence of floating ice in the system is pre

served in the sediments. Gouging and grooving by ice blocks 

occurs in some shallow channels, but the linear depressions 

produced are very shallow and unlikely to be preserved more 

than a few days. 

The floating ice leaves a more permanent record of 

itself by transporting very large clasts throughout the 

system. The ice frozen along the valley walls is in contact 

with pebbles, cobbles and boulders which were originally 

deposited as part of the Pleistocene till in the area . The 

river itself is incompetent to transport the larger clasts, 

but during breakup they are rafted throughout the system by 

floating ice blocks. As the ice blocks melt during transport, 

the clasts are dropped onto the sand bed . The majority of 

them are deposited in the channels, but some are carried onto 

topographically low sand flats. The association of moderately 

well-sorted sand with a few anomalously large clasts scattered 

throughout is a preservable result of the presence of the ice 

in the system. 

OTHER EFFECTS OF THE ICE COVER 

Several important effects on the sediments attributable 

to winter conditions were observed after breakup. It is 

be lieved, however, that these effects were no+ caused by 

breakup, but are the results of processes which were active 

whe;1 the riv~r was completely i.ce-covered. 
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(a) Scouring on the Sand Flats 

In the summer months, shallow channels which are 

floored by ripples, sand waves, and small (less than 15 cm) 

bars traverse the sand flats (Chapter VI) . In a few of these 

channels, elong ate pools up to 1 m deep were eroded during 

the winter months (Fig. 60). The pools cut under tle ice are 

elongate, shallow and are restricted to the minor channels 

on the flats. 

The origin of the scour pools is not definitely k nown 

because they co11Jd not be observed during their formation ; 

however, it is believed that they result from scour localized 

by a break in the fro4en sediment crust. Where a small 

original depression existed in the bottom of a minor channel, 

the frozen crust would be thinner. As flow proceeded down 

the minor channel during a small rise in stage, the thinner 

crust could be melted or eroded relatively easily. After 

the crust was breached, scouring and undercutting of the 

frozen crust would create an elongate depression in the minor 

channel. This would not be filled in because most of the 

surface of the sand flat was frozen, so no sediment wa s 

available for transport. A similar mechanism has been invoked 

for the origin of scour pits on frozen intertidal sand bars 

in the Bay of Fundy (Knight and Dalrymple, 1976). 
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FIG. 60. 	 A series of pools developed along a minor 

channel on a sand flat. Each is marked by 

a hole in the ice cover. View is downstream. 
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(b) Disruption of the Tops of the Sand Flats 

After breakup, the surfaces of most sand flats were 

relatively smooth with few large features, but some flats 

displayed areas where extreme disruption of the surface had 

occurred. Irregular hummocks a\1a r idges of loose sc~diment 

and partly-filled scour pools were the main structures which 

c~used up to 2.5 m of relief (Fig. 61) . 

The irregular hummocks and ridges were commonly corr,-· 

po sed of loose, structureJ.ess sand which was heaped up, 

sometimes on top of the ice to a depth of 30 cm, sometimes 

incorporating .ice blocks within . Many of ti.1e large st hummocks 

did not con ta in any ice <:tt the time of observat.ion. A number 

of these together formed a ridge which paralleled a series of 

sco ur pools developed along a minor channel . 

A few small mounds and ridges whi c h did not contain 

ice were developed on the sediment surface. These appeared 

to be different in their mode of origin from the hummocks 

described above . These smaller forms were probably formed 

under the ice cover in hollows and caverns . 

The scour pools were much like those discussed in the 

previous section, but here were partly infilled by ripples 

and bar fronts. The infilling may have taken place much 

later t han the forma tion of the scour pools. 

'.I'll<-~ rnec:hanis:;:n responsible for the creation of the 

mounds and ho llo•,\1 3 a:id for ejecting up to 30 c:m of sand on 

top of t he ice could not be observed, but sowe inferences 
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FIG. 61. 	 A highly disturbed area of a sand flat. 

Some of the irregular, structureless mounds 

of sediment contain ice blocks. View is 

upstream. 
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can be made about the processes involved. The smaller, well

laminated hummocks must be formed by an efficient hydraulic 

sorting process. Because this type of hummock forms under 

the ice in small hollows, it is believed that the mechanism 

involved the settling of suspended sediment from a flow up

welling through a hole in the ice. This would acccunt for 

the domal structure and the well-developed lamination. 

The structur2less mounds which may incorporate ice 

blocks were probably formed by some other me chanism . In 

permafrost regions, pockets of water under high static pres

sures due to volume increase during freezing may burst up ,yard 

through the ice cover carrying sediment. Thes2 arc k nown as 

aufeiss (Church and Gilbert, 1975). It is believed that some 

form of fluid escape process similar to the formation of an 

aufeiss created the structureless hummocks of sediment. The 

fluid escape was probably generated below the sediment crust 

of the sand flats during a period of freezing when static 

pressures in the pore fluids would be at maximum. The upward 

escaping fluid carried large amounts of sediment in a 

fluidized state (Lowe , 1975). 

CONCLUSIONS: THE I MPORTANCE OF WINTER EFFECTS IN THE RIVER 

It can be concluded that winter processes in the 

river are subordi~ate in importance to those active during 

the su,1i.;-rt<0~}:- period. 1'10 major amounts of sediment are laid 

down du~ing the wint8r, and fe1 major changes affect the 



sediments previously deposited. The effects of the ice cover 

and the spring breakup are not as important as those caused 

by a flood event (Chapters IV, V, VI). Summer processes also 

are sufficient to account for most of the observed deposits 

of the river system . 

It is likely that the m~st important overall effect 

of winter. conditions is the stabilization of the sand flats 

for four or five months each year, thus inhibiting major 

channel shifting. This is probably one of the rr.ost important 

controls on the rates of change of the shapes and locations 

of the sand flats in the system . 



CHAP'rER VIII 

THE liODEL OF SEDIMENTATION 

IN'l1 EODUC'I'ION 

The purpose of this chapter is to integrate the pre

viousJ.y reported p rocesses a nd stratification data into a 

coh e rent model of rivr.:~r sec\imentation. In additj.c n, some 

consideration will be made of longer term processe s and their 

results. 

The functi ons of a facies model have been discu ssed 

by Walker (in Harms et ~~· 1975 ). The most important aspec ts 

are : a model is a norm or standard which results from synthesi s 

of many examples ; it can be compared with other examples o r 

used as a predictor in some cases . The model of sedimen tation 

to be proposed is applicable at this time only to the South 

Saskatchewa n River . Any wide r application rnust come o n l y 

after c ompari son with other sandy braided systems . 

Mos t of the processes , morphologies , and s tratifica

tion pa. t terns reported earlier were obse.t ..ue d i n many . p l aces 

in the river. I n these previous chapters , descriptions were 

n ecess a rily generalized to l :eep these section s of this t h e si s 

to a manageabl e length. In this chap ter, thes e already 

gt=meralizcd port ion s \vill b .,'. combined ~·1l thout much furthe r 

distill 3ticn i11to ~n averaJl model of bra i ded river sedimentation. 

201 




202 


VERTICAL RELATIONSHIPS 

The most important processes a~d the resulting depo sits 

i n the river are illustrated in Fig. 62, a block diagram of 

the a c tive envi ronment and the preserved deposits . 

The processes lea.ding to the deposition of vertical 

s e quences ma y be consid2red in terms of two end members , 

channel aggradation (Chapter V ) and sand flat devE: : .opment 

(Chapter VI), between which a continuous spectrum exists . 

The sedimentary sequences which are inferr ed to result from 

each. o f t hese end :mernber:s, as well as an intermediate case r 

are shown ia F:q. 63, and are also marked on the block 

diagram (Fig. 62). 

The p rocesses of channP.l aggradation r esult in a 

sequence which consi sts mainly of trough crossbeds deposited 

by sinuous -crested dunes migrating in the channels. Because 

l arge flood-stage dunes have deep scour troughs , their 

deposits are preferentially preserved compared to lower stage 

smaller dunes {Chapter IV). As a channel aggrades , it carries 

progressively less discharge, with lower flow velocities and 

shallower depths resulting. The size of the dunes developed 

in these aggraded channels is less (Chapter IV) , s o the size 

of t he corresp ondj_ng trough crossbeds will be smaller . Many 

channsJ.s have cross-char,nel ba:cs present in them whi ch never 

develop into sand flats, and these can be considered part of 

th<~ channel a-:rgradation sequen::::e. These bars are com.rnonly 

oblique to the local river direction (Cha pters III, IV) , so 



FIG. 62. 	 A block diagram of part of the river, showing the active environment and the 

preserved deposits. The inset shows a vertical view of the same area. A, B and 

C indicate the . locations of the three sections on Fig. 63, channel aggradation, 

an intermediate case, and sand flat development, respectively. 

The black unit within the block represents a localized mud deposit. 



203 

"O.... 
(> 
0. ..)( 



FIG. 63. 	 The range of sedimentary sequences which could be produced by deposition 

in the river, two end memb2rs and one intermediate sequence . The paleo

current arrows indicate only one of the poss ib l e paleocurrent patterns. 

Muddy vertical accretion deposi ts with ripples and convolutions cap each 

sequence. 
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they deposit sets of planar crossbeds which would probably 

have paleocurrent directions at high angles to the trough 

crossbeds of the other channel deposits. The channel deposits 

contain intraclasts , ice-rafted cobbles, and organic debris 

which all accumulate d as a scattered lag . The sediments of 

the channe l aggradcl.t.ion sequenc e probably show only a very 

minor vert ical grain size variation . 

The sandy top of the channel aggradation sequence 

consists of sma ll planar crossbeds and ripple cross-lamination 

which were formed by sand waves and ripples in minor channels 

(Chapters IV, V). These minor channels were topographically 

high in the system; as a result, sed~nentation ~ere did not 

differ much from s edimentat ion in other shallow a reas, such 

as the margins of sand flats (Chapter VI) . 

It is impossible to estimate quantitatively how 

important this sequence would be in the deposits of this 

river. It is believed t hat channel aggradation sequences 

could be preserved in some cases. A sedimentary sequence 

consisting of trough crossbeds capped by floodplain deposits 

has been noted in a Devonian braided stream deposit (Cant 

and Walker, 1976). 

The other end membe r sequence i n Fig. 63 is the sand 

flat sequence . The lowermost unit in this sequen c e is 

in f e rred to consist of trough crossbeds d~posited in a 

ch2nnel. The first stag2 in the formati on of the sand fla t 

its e lf involve s the building of a hig l1 area on t he top of a 
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c ross-channel bar~ This acts as the nucleus of the sand flat . 

The l ocation of the nucleus and its spatiaJ. relationships wi th 

o ther large geomorphic elements influences the morphology of 

the sand flat which forms. Small , newly-formed sand flats 

may be symmetric,, asymmetric, o r s ide flats . These morpholo

gies are reflected in the paleocurrent patterns cf t he lower 

pla~ar crcssbed set in the sand flat deposit (Fig . 55) . 

The growth of a sand flat i nvolves latera l and verti

cal bar accretio11 and linking by cross-channel bars (Chapter 

VI) . The growth, therefore, deposits a variable number of 

planar crossbed sets above the initial one. 'I'he paleocurrent 

directions o~ thEse sets are highly variable, depending on 

t he specific process which deposited them. Lateral bar 

accretion creates planar c rossbed sets at very high angles 

t o t he river direction (Appendix 5) . Vertical bar accretion 

may create sets which have highly variable directions (Appen

dix 5) . Alternatively , sets may be formed which head down

river with low dispersion of directions because of very high 

fl ow sweeping directly over all obstacles. Only for side 

flats , where the bars all head inwards towards the bank is the 

pattern simple. In this case, all the planar sets have 

orientations at high angles to the river direction . Some 

vertical accretion parallel laminat ion may be intercalated 

within these planar crossbed sets. 
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On the margins and tops of high sand flats , the 

pro cesses of shallow water sedimentation such as the migration 

o f ripples a nd sand waves occurs. These processes cause the 

deposition of smal l planar crossbed sets and ripple cross

lamination , much the s ame as t hG sandy top of the channel 

aggraaation sequence . 

This sequence represents the full development of a 

sand flat or sand. flat complex which may persist for years. 

The details of stratification are unpredictable, but the 

general pattern should be similar to the il.lustration (Fig. 

6 3 ) • 

The middle se:uence in Fig . 63 represents one i nter 

media te case between the sand flat and channel aggradatior1 

sequences. In the area where this intermediate sequence ~as 

deposited , a cross-channel bar with a nucleus is visualized 

as f o rming, and some vertical and lateral accretion occurred . 

Several sets of planar cross-stratificat i on were depo sited by 

t hese processes. However, at some point , the development of 

t he sand flat ceased and a shallow channel was re - established 

over the sand flat deposits. This channel was floored by 

small dunes which generated trough crossbeds . The channel 

then aggraded, much as any other shallow channel . 

This intermediate sequence is only one of many which 

could possibly result. There is no life cycle of sand flats; 

rather they are subject to a series of possibly unrelated 

events ~nich may affect them in different, essential ly 
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non-predictable ways. They may be converted into channels 

at any stage of their development . Therefore, the range of 

possible sedimentary sequences ranges from no sand flat 

development to complete development . 

All three sections have been illustrated as being 

capped by fine-grained vertical accretion floodplain deposits. 

These deposi~s (Appendix 2) are composed of lenses and layers 

of sand which are cor~only convoluted, in a bed of cohesive 

,.. -:=mud . It is believed that this c apping 0 ,_ fine-grai ne d depos its 

would comprice the top of the fluvial facies sequences . This 

deposit would be p res e rvable in some cases , but this depends 

on factors such as the rate of subsidence of the area, and 

the pattern and rate of lateral migration of the river . 

COMPARISON WITH OTHE R FLUVIAL FACIES SEQUENCES 

In Fig . 64(a), three facies sequences are illustrated 

which were inferred by Jackson (1976) to have been deposited 

by different parts of the meander bends in the Wabash River. 

In Fig . 64(b), two other facies sequences are presented . One 

is interpreted to represent braided river deposits in the 

Battery Point Formation (Cant and Walker, 1976) , and the other 

to represent ancient meandering stream deposits (Allen, 1970 ) . 

All of these should be compared with the facies sequences 

presented in Fig. 63. 



FIG. 64(a). 	 The three facies sequences deposited by the meandering Wabash River (after 

Jackson, 1976). 

These different sequences are believed to be deposited by different parts of 

the meander bends. Note that little fining upward trend exists in the coarse 

members of the Transitional and Intermediate sequences. The paleocurrent 

directions do not deviate much from the downriver direction except for the 

planar crossbeds at the top of the coarse member of the Fully Developed 

sequences. This unit shows a very large deviation, in some cases over 90°. 
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FIG. 64(b). The generalized facies sequenc e from the Battery Point Fo rmation 

(Cant and Walker , 1976) and the facies sequence from many 

Devonian mandering stream deposits (afte r Allen, 1970). 



BATTERY POINT ! 
3I ISUMMARY SEQUENCE .2 11 

MEANDERING 
11 

......! 0 
~ FINING -UPWARD
0 
a.

SS 9~······ ·< :··:<·.·~··/ SEQUENCE 
·.·~····~ ·· ·.·~~ I l·""' .' 4 """ '' ~'' ·.~ ·G : ! :·~-..·~:4'·' 

I 

' ·("( . . ,,, .. . · ...,. ~"' · _J ~ 4 "" "~ ' ·"'" .VA. ' ~-!"' r81F ~ ' .. I 
:. 
t l 

l' 
D 7 

6 

-r~~-· .. r-~·- .... ·. · ' 
BAR t l~:·~-- ..;::.):£.::~;.ii; TOP* 

~ ............. 

"· : ' ~ ~ 

B -f 
_, 

.l 
VA. 

"--... 
~ 

<' c ...:.:-....... ...../ 
_J I 
w POINT BARz 
z TOP 

I ' 
I 
<t: 

I 

B u. 
z 

c 
j·-'>.·' "-,; ·.=:..,; ..,, .'),. '>,. '-----"". POINT
' -'--'--.... ... / '-...__/ ......._ ..· I 
 BAR 
< '::-:.::: ~ : : : :·:":::'''_..=:~\.·:·;.•;,:: ' ' :<'..... ,;:=''./ . I 

A en I
Q)... 
Q) -

CHANNELCHANNEL·········<·;······ 

·.. 

: . ·:;;~.·.·· · ' I SS Eo ~~: . 'f:..;,.4;,,.~ :• ..• ~- FL00RFLOOR---~ 
I\) 

~_,_____.,.,,,___ I-'l 0 



211 

Inspection of all these sequences reveals that the 

facies sequences of the meandering Wabash and Allen's (1970) 

meandering strearr. sequence have the following noteworthy 

characteristics: 1) a relatively thick deposit of fine-grained 

muddy sedimen ts at the top; 2) a lack of planar crossbed sets 

within the sand body. It shoultj be noted that Jackson's 

:Eac.:Les sequences were compi led from a very limited number of 

trenches in four me ander bends. Allen 1 s data were compiled 

from many different areas of Devonian sediments, and there

fore may include the deposits of several different types of 

rivers. The sand bodies in Jackson's sequences in some cases 

show no f ining--up\vard tendency and ha·v-e no parallel lamina

tions . Although it is difficult to understand the reasons 

for these differences in the sequences , it may be that the 

Wabash River is more proximal and coarser-grained than most 

of the rivers which deposited the sequences reported by 

Allen . 

The Battery Point sequence (Cant and Walker, 1976) 

and the South Saskatchewan sequences _have the following 

similarities: 1) a thin or absent fine-grained muddy unit on 

top; 2) the presence of planar crossbed sets within the sand 

body (in some sequences); 3) little vertical trend in grain 

size in the sands. The Battery Point sequence is the result 

of a compil a tion of data from one fairly homogeneous rock 

s e cti on, and therefore may represent the d e posits of a single 

- 1.J...type '-.J.= r i 'ie r.. Although the similarities mentioned above 
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exist, nothing corresponding to Facies G of the Battery Point 

has been observed in the South Saskatchewan. It should be 

tmderstood that sequences compiled from ancient sediments 

are not strictly the same as sequences which are envisioned 

to result from a modern environment. The two types have 

fundament a lly different data bases. The preservation of 

deposits in the modern e nvironmen t is not easi l y predicted. 

Longer-term proc esses are also difficult to understand. In 

spite of these reservations, and allowing for differences 

which may result f r om different tectonic settings, it is 

believed that t he Battery Point sequence and the South 

Saskatchewan sequences are very compar&ble. This implies 

that the river system which deposited the Battery Point sedi

ments was probably similar to the South Saskatchewan River. 

Comparison between -the meandering group and the 

braided group of sequences shows that trough crossbeds are 

commor. to all. This shows that sinuous-crested dunes are 

present in each type of river. The braided sequences have 

more planar crossbed sets 1 reflecting the presence of mid

channel braid bars, while the meandering sequences do not. 

The meandering stream s equences, in general, show more fine

grained muddy floodplain deposits. Both sequence types show 

sections whic~ extend from channel bases to floodplains . 

However, the meandering sequences probably result from lateral 

channel ::tigration (All en , 19 70) , while t'ne braided sequences 

prob~bly result mostly from local vertical aggadation and 
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diversion of flow elsewhere (Cant and Walker, 1976; Chien, 

1961) . The reasons for the different t ype s of rivers are 

not clear, as was discussed in Chapter I. 

LATERl\L RELATIONSHIPS 

In Fig. 62, a few lateral relationships bebeen sand 

flat and channel deposits were illustrated. Because a major 

sand flat or sand flat complex apparently forms from one or 

more small sand £lats (Chapter VI) , the sand flat deposits 

must gradually overstep the channel deposits, assuming a 

general aggradation of the bed locally. A sand flat accretes 

both laterally and verticdlly (Chapter VI), so tie lateral 

transition from channel to sand flat deposits is inferr8d to 

occur farther towards the channel higher in the section. 

The sand flat deposits, therefore, should form a series of 

overstepping lenses of dominantly planar cross-stratification 

j.n an irregular body of dominantly trough cross-stratification . 

These relationships are illustrated in Fig. 65. 

The angle of overstepping , however, will be very low. 

A sand flat which accretes laterally from 100 m to 400 m 

through a vertical thickness of 4 rn will have an average 

angle of overstep of 1.50 . The local value, however, may be 

much higher, particularly in the section parallel to flow. 

In t hese cases, trough crossbeds would pass in a short distance 

hoth laterally and vertically into planar crossbeds. 



FIG . 65. 	 Hypothetical lateral relationships between sand flats and channe l 

deposits . The inset shows more detail of the overstepping planar 

crossbeds. The broken lines are time lines. The arrows in the 

sand flat deposits show directions of accretion of ·the sand flats . 
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LONG-TERM PROCESSES 


Long-term processes such as net aggradation, river 

migration and stacking of fluvial facies sequences cannot be 

observed directly. However, these processes have important 

implications for the preservation of the river deposits , an d 

will be discussed here bri2fly .. 

In the following sections, a net aggradaticn of the 

river is assumed in all c ases. Th is, in turn, implies con

tinued subsidence of the a r ea, and an abundant supply of sand . 

These conditions have hsen met in many tectonic env ironments 

during the history o f the e ar th, as prove d by the large 

v o lumes of f luvial deposits in the ancient record. The South 

Saskatchewan River itself is not in a subsiding area , b u t has 

aggraded wi thin t he valley (Chapter II ). It is , thereforer 

believed that this river provides a reasonably good analogy 

to rivers of this type in areas of large-scale subsidence. 

(a} Channel Migration 

The migration of major channels in the system will 

have a very great influen c e on the organization of the river 

deposits. In me andering streams, the directions of migration 

of individual channels in meander bends are relatively simp l e 

to predictr but in bra ided streams , n o easily understood 

pattern of migration prevai ls . I f channels aggrade without 

mu ch lat2ral movement, the flow is p rogressively directed 

elsewhe l:'~. The resulting det_)osit will be composed of both 

channeJ_ and 3d:nd flat secL.1:--.e·nts. However, if major channel s 
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migrate laterally, they may remove most of the sand flat 

deposit s , leaving only remnants of these, with mainly channel 

sediments b e ing preserved. 

It is likely that both of these processes occur. 

Their relative importance depends on the rate at which each 

opera tes. Rapid aggradation of _a channel, in fact, may pro

mote lateral mi g ration of the £low over a s and flat because 

the channel becomes progres sively shallower and les s efficient 

as a conduit. Th .is process wo u ld likely c ause removal of the 

uppe:!'." parts of the sand flat deposit. The sand flat and 

channel deposits wc- ul<l be intercalated with one another . 

(b ) River I1igration 

Because the river is flowing within a valley (Chapter 

II), it is prevented from migrating laterally. In situations 

where an aggrading braided river is not laterally confined, 

the entire river may switch its course. Coleman (1969) has 

documented the migration of the Brahmaputr a River through 

several centuries. This migration is controlled, in part, 

by tectonic activity in the area. Campbell (1976) inter

preted a Jurassic sheet sandstone up to 100 km wide (transverse 

to paleof low) as being created by the lateral migrat ion of 

a large sa~dy braided stre~m system. The sheet is composed 

o f ~any large channels and channel systems . Sandy braided 

strea.1<H·.> , therefore r may aggrade ve rtically and migrate 

laterally, thus leaving their deposits over a wide area. 
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(c) Verti c a l Stacki~g of Facies Sequences 

The lateral mi gration of a braided stream cannot con

tinue indefinite l y in one direction. The river then may mig

rate back over its own deposits, creating a new facies sequence 

on t op of the old one. The depth to whi c h the old sequence 

is eroded depends on a number o~ fa ctors , such as the amount 

of subsidence of the area, the amount of cohesive sediment 

capp ing the older sequence, the erosive power of the stream, 

and t he ra t e of dggradat ion of t he active river. Mo st of 

these pa1~amet.ers arG non-predi c table because they a.re the 

result o f long- term, slow proc esses . A great deal of vari

ability of t his depth may occur on a local scale, with ma j or 

channels cutting deeply into olde r deposits in one place, 

but not in ano ther . Because the fine-grained , cohesive 

floodpl ain sediments are thin (Appendix 2), they are rela

tive l y easily removed, thus further e mphasizing t he lack of 

fine sediment in braided river deposits. 

It is believed that the stacking of vertical facies 

sequences by a rive r like the South Saskatchewan on an 

aggrading alluvial plain would generate a sand body which 

contained a few thin discontinuous mud beds. This sand body 

would contai.n laterally widespread erosion surfaces which 

represent the migration of the river back and forth, across 

t~e floodplain. ~he se erosion surfaces a c t as the bounding 

surface~ for the facies sequences discussed earlier in this 

chapter (Fig. 66). Within the sequences, smaller erosion 



FIG. 66. Hypothetical picture of the stack ing o f fluvial facies sequences. 

The figure represents a vertical thickness of 25 m and a width of 

about 800 m. 
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surfaces would be present, created by the lateral migration 

of channels withi n the system. 

This scheme of organization of the deposits on this 

very large scale is a compilation based on this study , and 

studies of ancient b raided stream deposits by McGowan and 

Groat (19 71), Cant and Wa lker (1976) and Campbell (1976). 

The inherent variab i l ity of bra ided rivers makes any predic

tion of t his type s0mewhat speculative; however , this large

scale mode l o f sedLr.entation is consistent with the short-term 

processes and d e pos its obse rved in the South Saskatchewan 

River. 
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APPENDIX l 

GRAIN SIZE DATA 

Grain si z e data is oresented i !l. terms of phi units 

a l ong the left side of the page . The cumulative decimal 

f rac tion of each sample is given in a column . 

§_~mple__l. '.?_ca!;i_gns -- on the map (p . 248). 

1 . Bed of minor channel near river bank 

2. Lateral accretion bar 

3 . Protected area L1 lee of island 

4 . Drainage channel on sand flat 

5. Bed of minor channel 

6 . Upstream end of mid-chann e l san d flat 

7. _1/ 3 t"i.le way down l8 . 2 / 3 the way down 

9. San d wave on margin Sarne sand flat 

10. Channel lateral to sand fla t 

11. Downstream e nd 

1 2 . Prctected area downstream 

13. JLateral accretion har 

14. 

1 5. 

Deep 

IntermecUate l 
l 

Parts of a. deep-sha ll.ow sequence 

16 • J...~ha 1.1 ow in a ~ajar channel . 
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Sample 
oh1 :t 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
~--· 

-2.00 "(J()7 ---- ·~ - ..=-- ---- ---- . 008 ---- . 011 ---- . 002 
-1 . 7:5 . 022 .004 ---- . 0 0 .3 . 002 .020 . 00 2 . 025 ---- . 002 . 005 -- - -- . 002 
-LSO .049 . 016 .001 , 003 .003 . 0 30 . 009 . 0 36 _,-··- - .006 .012 ---- .008 . 054 ---- . 020 
-l. 2'.J .0 86 .0 46 .002 . 006 .012 . 0 39 . 017 . 0 49 ---- .0 1 7 .02 9 ---- .023 . 065 ---- . 034 

-1 ., co .125 . 033 .004 .008 . 025 . 054 . 0 31 .. 066 .0 02 . 0 .32 . 060 . 002 .047 .084 ---- . 058 
- . 75 .147 .094 . 004 .008 .0 30 .060 .037 .07 1 .002 .038 . 067 .00 3 .055 .112 . 016 . 076 
-·· ~ 50 .179 . 12 3 . 005 . ClO .041 . 070 . 053 . 08 2 .0 0 3 .051 .082 . 006 .066 .139 . 018 . 101 
- • 2 s .215 .156 .006 . 013 . 054 . 081 . 074 . 094 .0 04 .066 . 101 .0 0 9 . 033 . 168 . 022 . 12 3 

00 .257 . 190 . 007 .018 . 071 . 097 . 104 . 112 .006 .0 91 .1 30 . 016 . 104 .203 .027 . 1 46 
. 25 . 306 .229 .008 .026 .094 .116 . 140 . 137 . 010 .125 .169 .024 .132 . 2 48 . 033 .171 
. :)

.- ('\ ,_, .3 6 1 • .2 6 6 . 010 .037 . 121 .139 . 182 . 170 . 017 .169 .216 . 038 . 168 . 302 . 049 . 198 

.., .
• I :J . 428 .313 . 012 .058 .160 . 169 . 227 .215 . 028 . 231 .276 .062 .210 .385 .070 . 2 32 

1. 00 .527 . 388 . 017 . 110 . 225 . 226 . 287 . 295 . 052 .338 .377 . 116 . 281 . 531 .116 . 281 
l. 25 .620 . 46 0 .023 .174 . 292 . 291 . 339 .3 88 .072 .4 45 . 478 . 182 . 34 7 . 654 .175 . 331 
1. 50 .7 38 .5 6 5 . 037 . 311 . 409 . ~12 . 419 .540 . 122 . 606 . 622 . 295 . 445 . 825 .325 . 405 
l. 75 . 8 39 . 6 70 . 060 .524 .544 . 551 .51 7 .703 .19 4 .756 .757 .420 . 551 . 9 33 . 546 . 473 

2 .. 00 .921 . 786 . 109 . 792 . 690 . 760 .65 3 . 8 ·; 2 .320 .882 .875 . 463 . 684 . 985 . 810 . 652 
2.25 . 952 .85 4 . 154 . 904 . 766 . 778 . 735 . 93 7 . 4 4 4 .93 6 .92 7 . 650 . 792 . 994 . 913 . 779 
2 .5 0 .97 5 .915 .245 . 966 c852 . 86 0 . 81 7 • 9 7S . 635 . 974 .9 69 .7 68 . 900 . 999 . 970 . 894 
2.75 .990 .957 . 420 . 991 . 930 . 920 . 878 . 9 89 . 8 2 2 . 9 9 2 .9 97 . 85 1 . 955 1.00 . 988 . 957 

3.00 . 997 . 979 .555 1.00 . 968 . 953 . 913 . 994 . 908 .9 9 7 . 993 .910 . 981 - - - - . 996 . 9 85 
3.25 1.000 . 993 .699 1. 01 .989 . 979 . 948 .9 98 .964 . 999 . 997 . 957 . 99 3 --- - 1. 00 .995 
3 . 50 1.00 .9 9 7 . 787 - --- . 995 . 991 . 973 . 999 . 9 86 .9 9 9 .998 . 9 78 . 997 - - - - - -- - 1.00 
3.7 5 1.00 .998 . 878 ---- . 998 . 996 . 988 . 999 . 994 1.00 . 999 .988 . 998 


___ .....
4.00 1. 0 0 .9 99 . 907 - -- - .998 . 99 7 .992 1.00 . 995 . 999 . 990 . 999 
4 . 00 ·- - -- 1. 00 1. 00 - -- - 1. 00 . 999 l.00 - --- 1. 00 ---- 1. 00 1. 00 1. 00 

N 
['.) 

00 



APPENDIX 2 

RIVER BANK SECTIONS 

These sections were measured on the east bank of the 

river 600 m upstream from the road bridge at Outlook . They 

are separated l aterally by 5 to 9 m in each case, a~d repre

sent a total length of approximately 240 m. They are pre

sented from right to left just as they were seen on the river 

bank, proc_eding downstream from 1 to 29. 

The sections have been divided in most cases into 

three units . The bottom two are sand, and are believed to be 

a sand flat deposit (see Chapter VI ) . The paleocurrent 

directi ons in these units are mainly eastward, heading in 

towards the bank. These units are believed to represen t a 

side flat for this reason (Chapter VI) . 

The upper unit is a vertic al a c cretion floodplain 

deposit composed of cohesive sandy mud . Many irregul ar lenses 

a nd layers of rippled sand exist in this , most of which 

exhibit convolutions . In a few of the layers , the sand is 

composed of low angle or horizontal ldminations. Many roots 

bind this upper unit together. This description could be 

applied to all the muddy floodplain deposits in the river valley . 
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Other bank sections in the river were very similar to 

this one. No other bank was found which was exposed so well 

as this one . Most of the banks in the river were damaged by 

the floods o f 1974 and 1975, with the result that they could 

not be excavated because of the roots and fallen floodplain 

material. 
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APPENDIX 3 

HYDRl'~ULIC DATA 

The hydraulic data in this appendix consists of 

velocity profiles measured over ·active bedforms. The velocity 

measurements were made with a Price-type curren t meter held 

in the flow on a rod. Each velocity measurement ia the 

result of a one-minute ~e ading, so is an ave~age velocity. 

The data is prPsented in the following format : 

Location Code 

Bedform type 
.,

3 20 


6 25 


9 30 


Depths in cm 12 35 
 Corresponding velocities 

15 40 in cm/sec ~ 
l 
I 

18 45 

21 48 -l 

Tctal dspth 23 

For the key to the location code, see the location map (p. 248). 
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A 
Dunes---

A 
Btmes----

c 
Sand Wave s---...~-----

c 
Sand Waves- ----

6 48 6 3 2 6 44 9 36 
9 50 12 49 15 44 21 44 

12 55 15 49 24 55 31 51 
15 58 18 52 34 55 46 63 
18 51 24 55 46 65 60 59 

26 
·---

A 
Dune s--

6 39 
9 4 7 

12 48 , ,... 
59J . ::J 

18 ... ..., 
:..J .) 

21 50 
24 48 

31 
-----· 

B 
Sand ~'laves----- -

G 28 
12 4 0 
18 46 
24 55 
31 5 4 
37 52 
43 54 

31 55 
37 56 
43 63 
49 58 
52 57 

58 
---·-·-

A 
Dn!1es---

6 38 
12 4 7 
1:, 5 0 
18 52 
24 55 
....  5 7.J .L 

37 60 
43 52-
49 

A 
Dunes 

6 45 

58 63 
73 62 
86 68 

10 4 69 
119 65 
13 4 68 
149 

155 

c 
Sand Wo.vcs------

9 39 
..., 1 56~ .L 

31 52 
4 6 58 
60 67 
76 65 
91 66 

107 76 
122 73 
137 74 
140 64 

143 

76 64 
91 65 

107 67 
116 57 

122 

D 
Dunes--

2 3 77 
90 83 

113 
-----

E 
Dunes 

16 50 
66 71 

82 

F 
.!3i-J2.PJ:~ 

16 36 
63 55 

49 50 

55 

B 
Sand Waves 

6 44 
12 48 
J. 5 49 
18 52 
2 4. 55 
31 54 
37 57 
-13 58 
49 55 

57 
--- -

12 52 
15 55 
18 58 
24 60 
31 62 
37 66 
43 59 ·-
50 

B 
Sand \·Ja.ves-----

6 38 
1 2 45 
18 tl ·-_I;) 

24 47 
31 50 
37 4J 

c 
Sand 

9 
21 
31 
43 
60 
76 
91 

107 
122 
l ~'. s 
131 

Waves 

30 
50 
55 
56 
67 
67 
65 
73 
66 
56 

79 

E Dunes 
1 5 57 
59 72 

73 

G 
San d Waves-

6 3 c· . ) 

12 40 
18 44 
24 4 9 
31 50 
37 54 
43 45 

40 46 

--- --·· 
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G 
Sand Waves 

E 
Dunes 

J 
Dunes 

L 
Dunes 

6 3 8 6 71 9 34 9 50 
12 45 12 75 18 48 18 56 
18 47 18 62 27 55 27 62 
24 
31 

50 
54 24 

----
37 
46 

59 
62 

37 
46 

64 
66 

37 43 

39 
-·-·-

E 
Dunes-·-

55 
64 
73 

62 
60 
65 

55 
64 
73 

66 
74 
72 

G 
Sand Waves 

6 
12 
18 

46 
56 
65 

79 57 

a·2 
------

79 67 
-
82 
------6 

12 
18 

34 
41 
44 

24 
31 
37 

68 
69 
70 

J 
Sand Waves-------

L 
Dun°s---

24 47 43 63 9 37 15 67 
3l 
"J"7 
.) I 

47 
4 6 49 

---·-----·- -··-

18 
31 

45 
50 

31 
46 

71 
75 

41 

G 
Dunes 

H 
Sand Waves-----

c 37:J 

21 48 

43 
55 
67 
79 
91 

50 
56 
55 
55 
55 

60 
76 
91 

107 
122 

81 
83 
87 
85 
87 

6 58 34 49 104 52 137 81 
12 
18 

67 
69 

46 
58 

52 
48 107 143 

------24 
31 
37 

72 
68 
72 

70 
82 
95 

60 
64 
62 

K 
RiE_ples 

M 
Dunes 

43 62 107 54 9 27 15 68 

46 

E 
Dunes-
9 86 

118 55 -
125 

I 
~ipple~ 

27 
46 
60 
76 
91 

107 

36 
48 
52 
52 
59 
59 

31 
46 
6 0 
76 
91 

107 

71 
77 
84 
83 
86 
84 

15 90 9 22 122 64 116 59 
21 
27 

85 
87 

21 
34 

31 
31 

137 
152 

62 
59 119 

31 78 

34 
------

46 
60 
76 

38 
43 
47 

162 -
165 

48 
M 
Ripples 

E 
Dune3---

91 
107 
122 

52 
54 
55 

7 
29 

31 
45 

9 73 137 54 37 
15 
21 

73 .. ,,.. 
J \; 

146 
----·--27 7S 

31 i·s 

35 
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N A N p 
Ripples Sand Waves Ripples Sand Waves 

15 40 6 27 6 29 7 28 
60 57 /. 4 45 24 38 29 44 

76 ~, 
~.L 31 37 

N 0 N c 
Rip!,.•les_ Ripol2s Dunes-- Sand rtJa ves 

---~--

9 37 15 51 10 47 6 33 
37 

46 

47 31 
46 
60 

64 
67 
72 

41 

52 

61 24 -
31 

43 

J 
Dunes 

31 64 

76 72 
85 68 

91 
----

B 
Sand Waves 

7 31 

Q 

~~:fples_ 

7 38 
46 
GO 
76 

71 
77 
84 

0 
Ripples 

29 

3 7 

53 27 

34 

47 

91 
107 
122 

85 
87 
87 

15 
31 
46 

36 
40 
41 

B 
Sand Waves 

Q 

Rip~les 

137 86 60 45 8 26 7 33 
152- 84 76 47 32 48 27 48 

162 
91 

107 
47 
49 40 34 

M 122 p Q 
Dunes 

15 59 
31 69 

----
G 
~ipples 

Sand Wave s 

9 27 
34 45 

Ripples 

277 
27 37 

46 
60 

76 
7 .5 

7 
27 ·-

35 
48 43 34 

76 
91 

107 

119 

81 
81 
78 

34 

G 
R~J2!.es 

p 
Sand Waves 

6 22 
24 36 

G 
Sand 

15 
31 

Waves 

35 
4 1 

M 
Dunes----

15 
60 

29 
39 31 46 

60 
45 
46 

12 
24 

49 
56 

76 

N 

p 
Sand ·waves 

70 

37 
49 

66 
68 !3ipp_le~ 

8 
32 

27 
38 

6:.l 

-;o 
69 10 

39 
36 
50 40 

49 
----
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G 
Sand Waves 

R 
Sand Waves 

s 
Sand Waves 

p 
Sand Waves 

15 4 7 9 28 12 36 15 46 
31 49 18 39 24 43 30 52 
46 53 27 38 37 46 46 49 
60 57 37 39 49 49 60 57 
76 
91 

57 
62 43 60 

73 
52 
54 

76 
91 

59 
59 

107 

110 

46 
R 

Sand Waves 

SS 
95 

56 
49 

107 
119 

62 
50 

R 
Sand 

12 

Waves 

35 

9 
18 
2 ., 

17 

16 
28 
34 
36 

98 

s 
Sand- ~j aves 

122 ___.._.,.___ 
F ' 
Sand Waves- --

24 39 46 37 J. 2 39 15 44 
37 
49 

43 
44 52 24 

37 
50 
55 

31 
46 

50 
52 

60 
76 

79 

R 
Sand 

12 
2 4 

46 
~l 

Waves · 

34 
40 

R 
S2nd 

12 
2 ·1 
37 
49 
60 
73 

\!l ave s 

34 
41 
47 
50 
56 
56 

49 55 
60 56 
70 49 

76 

p 
Sand Waves-----

9 ~o 

60 
76 
9 ·1 
- ..L 

107 

12L 

p 
Sand 

58 
59 
50. Cl 

61 

Wave s 

37 41 76 47 18 50 15 45 
49 
58 -

45 
43 82 27 

37 
56 
57 

31 
46 

48 
53 

64 

R 
Sand Waves 

R 
Sand Waves 

12 38 
24 45 

46 
55 
64 

73 

59 
63 
59 

60 
76 
91 

107 
122 

57 
61 
62 
64 
59 

9 
18 
27 
37 
46 

49 

31 
36 
39 
43 
37 

37 
49 
60 
70 

73 

4 7 
50 
52 
47 

p 

Sand -
12 
24 
37 

Waves 

44 
48 
52 

128 

p 

Sand 

12 

\\Taves 

52 

-~-------

R 
Sand Wave s--------

s 
Sand Waves-- ---

15 36 

49 
60 
73 
79 

53 
55 
57 
47 

24 
37 
49 
60 

48 
55 
53 
55 

9 
18 
27 

29 
36 
40 

30 
46 
60 

43 
43 
46 

gr::_) 
7 3 
79-

57 
44 

.,~ 

.) : 38 76 52 82 

40 
'"'-~-..··---

91 
107 

53 
53 

122,__.____ 
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p 
Sand Waves 

12 
24 
37 
49 
60 
73 
79 

43 
53 
57 
58 
58 
59 
52 

85 

p 
Sand ~'laves 

15 
31 
46 
60 
76 
91 

41 
4 9 
54 
56 
56 
53 

98 

R 
Dunes- --

15 
31 
46 
60 
76 

67 
71 
75 
77 
85 

85 
----·
R 

Sand \'laves 

12 34 
24 37 
37 47 
49 48 
55 40 

58 

R 
Sand Waves 

15 4 7 
31 54 
46 57 
60 61 
-·" 51l ( ! 

85 48 

8 ~; 

-----,..-'--• 

R 
Sand Waves 

15 
31 
46 
60 
76 

50 
56 
63 
64 
55 

82 

R 
Dunes 

12 58 
24 63 
37 67 
49 69 
60 74 
67 56 

70 
---·---

R 
Dtmes 

9 63 
15 66 
21 57 

26 

R 
Dunes 

15 47 
31 62 
46 65 
60 75 
76 81 
91 81 

107 90 
122 87 
137 92 

146 

R 
Dunes-

9 57 
18 70 
27 72 
37 71 
46 73 
60 Tl 
73 73 

82 ___ ...____ 

R 
Dunes 

12 
24 
37 
49 
60 

59 
72 
75 
78 
63 

67 

p 
&and Wav e s 

15 
31 
46 
60 
76 
91 

107 
116 

122 

46 
53 
52 
58 
62 
63 
64 
')4 

p 
Sand Waves 

15 43 
31 47 
46 51 
60 52 
76 56 
91 57 

107 61 
122 58 
137 59 

143 

p 
Sand Waves 

15 38 
31 43 
46 48 
60 54 
76 55 
91 56 

107 57 
122 61 

137 
------··-

N 
Dunes 

15 
31 
46 
60 
76 
89 

61 
74 
76 
84 
80 
73 

9S 

N 
Dunes 

15 59 
31 66 
46 74 
60 73 
76 80 
91. 76 

101 
-·-·

L 

Dunes 

9 
18 
27 
37 
43 

53 
63 
70 
68 
56 

46 

M 
Ripples 

15 37 
31 44 
46 47 
60 52 
76 52 
91 55 

107 50 

113 
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NI p M R 
Ripples Dunes- Ripoles

-~!.--
Dlines----

12 27 15 47 15 36 12 48 
24 36 31 56 31 43 24 54 
37 41 46 62 46 46 37 61 
49 40 60 61 60 50 49 63 
60 43 76 55 76 50 60 68 
67 

70 

40 
82 
--·--

p 

91 
107 
119 

56 
59 
42 

70 

73 

63 

M 
R. J
.:2:.PP- 8~ 

12 41 
2 i1 50 

Dunes---
j_ 2 45 
24 55 
37 64 

122 
-----·---

M 
ni,-'D]pc
::::__r::'._L...:..~~ 

R 
Dunes ---r

15 46 
31 61 

37 54 49 59 15 5 3 4 6 65 
49 57 6 0 67 ~·! _, ..... 62 60 67 
6 0 61 67 62 46 6 L} 70 56 
70 5/ 

79 
------

M 
~ippl~ 

15 50 

76 
··--.... ·-- . ,_.____ 

p 
DL1nes ·------

12 48 
24 57 

60 66 
7 (j 74 
91 71 

64107 
119 66 

12 8 ______ .___,_ 

76 
----- - -

R 
Di.m.es--

12 62 
24 69 

31 
46 
60 

62 
64. 
72 

37 
49 
60 

58 
65 
66 

I 
Dunes 
·--·-

37 
49 
58 

75 
75 
59 

76 68 
82 68 

89 
---~---

s 
R:i.EP ·~~s 

70 56 

73 

p 
!Sipples 

9 43 

15 
31 
46 
60 
76 
91 

107 

44 
62 
71 
66 
78 
81 
81 

60 
-----

R 
Dunes 

12 50 
24 59 

15 
31 

40 
44 

18 
2 7 

50 
5 ' '7 . ' 

122 
137 

84 
86 

37 
49 

65 
67 

46 53 3 7 58 1 52 86 60 63 
60 
7 6 
89 

50 
54 
46 

43 

46 

48 168-
177 

83 64 

---- R 
9J 
·---

p 
Dunes----

p 
Ripples
----·-·

15 49 
31 50 

J 
Ripples 

12 3 4 
24 ~ r) 

._. (\ 

Dune~> 

561 2 
24 65 
37 63 

15 
31 

L~ () 

5-1 
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AP?ENDI X 4 

ECHO SOUNDER RECORDS 

In this Appe ndix, typic~l echo sounder records are 

presented. The location of each profile is marked on the map (p. 248). 

Top Profile 

One de e p t o s ha llow c h annel. s equence is shown with 

the variation i n bedforrns along it. In the deeper water, 

moderate-sized dunes are present, but these diminish in 

amplitude up to the crest of the shallow area. Beyond this, 

a few bar fronts occur on the down-slope. 

Middle Prof ile 

This profile shows the typical assemblage of dunes 

which occu r on the channel beds at moderate stages. 

Bottom Frof ile 

This prof ile was made down a fast-flowing channel with 

fairly large dunes with de e p scour troughs on its bed. The 

dunes range from triangular forms to irregular flat-topped 

forms. The deeper wa ter on the right occurs where two channels 

converge against a stable ban k. Only very low amplitude bed

form s are presen t in t hiq u n usua l area. 
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APPENDIX 5 

MAPS OF SAND FLATS 

In this Appendix, 13 maEs of sand flats are presented . 

These maps are the resu lt of pace and compass mapping of major 

features and bedforms on selected sand flats, mostly in 1974 . 

The maps are mostly correct, but certain dimensions are 

estimated. 

The bar scale pointed on both ends below each map 

represents 100 rn . The maps are highly variable in scale. 

The symbols used are the same as those in maps throughout tbe 

t ext, with the exception of a double arrow indicat~ng current 

flow, and a single arrow indicating the d irection of bedform 

advance. 

The location of each sand flat is shown on the map (p. 248). 
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THE LARGE SCALE MAP 

'l'he map at the back of the thesis shows the entire 

leng~h of the river which was considered in this study . The 

map is a compi.lation from air photos by the method discussed 

in Cha.pter III. The air phctos are numbers 30 - 168 of set 

YC - 2014, obtained from the Saskatchewan Department of Natural 

Resources. These are the air photos referred to by numbe r 

in captions ·:::.o figures throughout the thesis. The numbers of 

some photos are shown on the east bank of the river . The 

l ocations of Government survey reaches discussed in Chapter II 

are shown on the west bank , i.e ., R21 . All the major elements 

of sufficient size are illustrated on this map. The locations 

of the stage recorder and the bridge near Outlook are also 

shown. 
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Data Location Map 

The locations of the data presented in Appendices 1, 3, 4, and 

5 are shown on this map of the intensive study reach near Outlook (note 

Railway Bridge). Figures 2, 13, 16, and 38 are also of this stretch of 

river. 

Sediment Samples -- The locations of the samples of Appendix 1 are given 

as follows: 1, 2 , ... , 16. 

Hydraulic Data -- The capital letter which is the location code of each 

profile in Appendix 3 is marked on the map as A, B, ... , T. 

Echo Sounder Records -- The tracks of the echo soundings are indicated 

as dotted lines with small letters a, b, c, and d beside them. 

a -- The approximate paths of the 4 profiles in fig. 25 (p. 90). 

b The path of the upper profile in Appendix 4. 

c -- The path of the middle profile in Appendix 4. 

d The path of the lower profile in Appendix 4. 

Maps of Sand Flats -- The locations of the sketch maps in Appendix 5 are 

shown by large numbers 1 to 13 except for 5 , 6, and 10. These sand flats 

occur in approximately the same positions as sand Flats 11, 1, and 2 

respectively. Sand Flats 5 , 6 , and 10 were changed or completely 

obliterated before the location map was prepared. 
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