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ABSTRACT

Statlstocal analyses of downstream gram size varnatlons tn an 1 1km braided reach

of the- Sunwapta River ‘shows that there are sugnlflcant deviations from the theoretical

B
Y

' model of an exponentlal dechne in graln dize downstream (Sternberg 1875) Two

" sources of variation from the expected relationship. may be determined: variability

between sub-reaches and variability within sampling,transects. The former source of
v\_/ar"iabi'lity can be attributed not only to the effect of tributary inputs but also to”

differential rates of aggrac#lation and degradation within and between the sub-—reaches.

1

Where there is a tr:butary mput of coarse sediment three prmonpal effects may be noted; .

1) Bedslope decreases upstream and increases downstream of the

tributary. .

2) Gram size nncreases downstream of the tributary. l e

3) Diminution- rates increase both upstream and downstream of the
- “tributary. | . ‘

The cause of the variation -within' samplingtransects qannot be identified by statis‘ti\::al~
. ' methods but, exammat|on of graln size dlfferences over sma|l'~’bra|d bars indicates that -

this is the result of essenttally random site— scale factors \The var|ab|hty demonstrated

. for the downstream changes in gram size suggests that cautlon should be used in
. applylng proxlmal to distal mterpretatlons of fluwal gravel deposrts Drmmutuon :

. coefficients for dlStlnCtNe Ilthologles in the reach are anomalous in- that the quartZItes

demonstrate greater va|ues than the hmestones This anomaly is tentatlvely ascrlbed toa-
. greater rate of breakage for quartz:te clasts and the lag deposstnon of a coarse quartzute ,

' rnput at the head of the reach In con;unctvon with morphologlcal evndence the dnmmutlon :

o vcoefﬂments show that, in the proxumal areas of the reach hmated degradatnon is

_occurrmg in’ more dlstal areas higher va|ues for the dmmutndn coefﬂments mdlcate that [ '

- there is hmtted aggradatuon Sedlment 'sorting |mproves downstream with two trends
i bemg |dent|fab|e upstream and downstream of the’ ma}’or trlbutary Diadem Creek

Clast roundness mcreases rapldly in the mmal 1km away from the head of the

*

: reach and away from Dnadem Creek Upstream of Dladem Creek the vanatnon in the data g

/A
o :s probably best approxmated by two separate functtons descrlbmg the mltlal rapld

'lncrease in rpundness and the downstream less rapld change in roundness Evndence of

°



trends in other measures of clast morphology is unconvincing. except downstream of

Duadem Creek. This is at variance with some other field studies (Bradlev et al 1972)

o “, _““"!v
which have shown distinctive relationships. . : 4 ‘ A “
p e

R

Mapplng of gr\am size vanatlon on selected bra|d bar;;‘ m%a Qr&i& P«mvned the

deveIOpment of a model of braid bar development with tt‘&“e@) *ﬂ& i6i-agtrionts;

1) The formation of a nucleus by in—channel deposition or the

dellmntatlon of the bar outline by channel mlgratnon and avulsion.

i

2) The secondary modification of the orngmal area by lateral accretlon

~ and overbank fiow. ’

. ‘,,-:,

3) 'Phe hmlted tertuary modlflcatnon of the surface by small overbank

flows at later hlgh flow stages.
It is suggested that many of the sortmg trends on brand bars are the result of the
reorganisation of prevuously emplaced sediments by overbank flow and that, in general *

" bréid bars show a sediment fining downstream and away -from active channels,

s
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| - - o, INTRODUCTION |

Branded rlvers form dlstlnct fluvial sedlmentary envnronments characterlsed by |
anabranchlng systems of channels dxvnded by large accretlonal areas and smaller scale
'depos:tlonal unlts the latter features\‘bemg submerged at hlgh stages Braided channel
-patterns are not stable partlcularly under hlgh flow condutlons The process of pattern
change is a complex function of the accretlon of unut bars in the channels the lateral
_erosron of banks and the formatron ‘of new channels by avulsnon often along the’ courses
of former channels (Heln 1974, Ashmore 1979 and personal communlcatlons) Such
chan ,,53 hanges result in consnderable reworklng of accretlonal areas VThIS usually
' mvolrvgg%xtenswe dif ferential transport of sedxment | o

Prevrous sedrmentologrcal studles of braided systems have largely focused on B ‘
- sedlmentatlon processes and the development of. deposmonal models (Wulhams and’ Rust -
L 1969 Rust 1972 ‘Miall. 1977 Hein and Walker 1977 and others) Through such studles |

.lt is recognlsed that sedlmentary patterns vary wrthnn and between “studied locatlons

o Thls reahsatron led to the development of, for mstance models of prox:mal and dlstal

sedlmentary sequences (Miall 1977) However there have been few studles wnth :
' respect to bralded env;rqnments of the varlatuons in sedlments as a functlon of dlstance v

" 'and of the mfluence of multlple sources on sedlmentary patterns (Church 1972 Bradley

= fFahnestock and Rowenkamp 1972 Ballantyne 1978) It has also been shown that the

. ‘ \hydrauhc geometry and channel patterns o/f bralded reaches vary wrth dlstance -

downstream (Fahnestock 1963 Nordseth 1973 Rlce 1979) ‘ L e :

The prtncnpal alms of thlS thesus are to;. o o o - '_ e i/
1) examme downstream varlatlons ln sedlment sxze and sortlng :

q
2) ldentlfy p055|ble causes of varratlon about the observed downstream ‘v

relatlonshlps for mstance trlbutary sedlment mputs - ik iy

-3) examme downstream varratlons in: partlcle roundness and form

)

B
o,

4) examlne varlatnons in sedlment size over Ioc | deposltlonal areas such
. as brald bars and to conS|der the mechanlsms by WhICh patterns of sedlment srze

8 develop



| AR The Fleld Area .
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. :B )
The. Iocatlon of this study is a reach of the Sunwapta Rw\ar Jasper Natlonal Park,

Alberta Canada (an 1. l) The river is dlscontlnuously bralded ln the upper 25 km of its

50 km length W|th the most extenswely branded sectuon occurrnng approxnmately 12 km ’

from the sour‘ce This reach lS well deflned and is bounded on t’Ble upstream end by the:

Sunwapta Gorge and at the downstream end by a Iarge alluvnal fan {Fig 1. 2) lthasa

,ofi\a majer hlghway. The hydrauhc\geometry of'thereach was previously exammed by

1.2 Local Geomorphology and Geology = |

number of advantages over alternatlve Iocatlons chlef of Wthh is direct access by ways: .

L . i E -
() N .

Rice (1979). =~~~ . S S R

N

.

“ 4-121Geomorphology . R \

The Sunwapta Rrver |s proglacnal wrth flow\rn the upper reaches belng prmcxpally

. ;derlved from meltmg of the Athabasca and Dome Glamev\s\Proxlmal to these glamers lS -_ . -

Q.

_an extensnve outwash degraded lmmedlately downstream of §un\ apta Lake Thls is due

Local floodpJam wudenmg and channel braldmg also occurs in the vrcnnlty of the Stutfueld\

o+

GIacuer outwash and aIluvnaI fan Downstream the rlver is locally conflned by a bedrock

o ,outcrop However subsequent to xts emergence in. the W|de Beauty Creek flats area it :v",g_,\,‘ :

the Iateral extent of the valley tram rs presently restrlcted by nghway 93 although it

e v ~Wthh is’ reflected in, the orlentatlon\o{the valley traln (Flg I 2)

: ._IS now. de‘graded Dladem Creek S|m|larly has a source ina hlgh alplne c:rque glacner and

b PR

e forms a bralded channel pattern L

Along the Beauty Creek flats the valley floor haséa wndth of approxnmately O 5 km

and is bounded on the west sude by wooded steep s»ded valley walls On the east S|de

©

o '. formerly occupled the whole valley floor. The vaIley ltself has a shghtly smuous form

l

: v A number of s19n|f|cant trlbutarles enter: the river in the study area On the west

) ,}'.Slde the reach is jolned by Wooley Creek and Dladem Creek (an 1, 2). Wooley Creek has

o its source at the: snout of a small mrque glamer and has formed a small alluwal fan WhICh

R
&

e
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has constructed a large alluvial fan into the study reach. This fan forms.a major
obstruction restricting the river to a slngle channel .and causing local changes in water
surface slope, channel pattern and sedlmentatlon nghway constructlon with the
removal of gravel for borrow has significantly altered the morphology of the fan and k
Dladem Creek has been diverted to its north side.

| Two trlbutarles enter the.study, reach from the east. Beauty Creek derlves its
" flow from a presently non—glacual upland catchment and enters the reach through Iarge
‘ culverts under the highway.. Observations showed that these pnpes do not restrict.
sediment transport Prlor to hughway construction, as shown by aerial photographs the ‘
stream formed a separate braided sub—unlt with a mld—reach confluence. Grizzly Creek
also enters the reach through large dlameter pipes. Its flow is derlved from a smalt-
icefield on the north side of Sunwapta Peak and the channel is steep Thls creek is

' currently aggradl,ng a fan of coarse debris. »

122Geo|ogy IR

The only ma]Of‘v’ study of the geology in the area was. that by Hughes (1955l who
mvestlgated the area to the east of the field location, from Tangle Rldge in the south to
_ the Endless Chain in the north Earher less detalled mvestlgatlons were carrled out by
Allan (1938) and Severson (1950) '

: Hughes (1955) 5uggested that the Beauty Creek flats lie within a slngle syncllnal
‘structural unit with an axis trendmg south— eastwards from Tangle Ridge through Nigel .
'Peak and north westwards towards the Sunwapta Falls. The axis of the structure,
therefore, Iles to the east of the river in what will be defmed as the proxnmal and medlal
sub reaches and to the west- of the river in the lower reaches

_ Hughes (1955} showed that the western limb of the structure dlps steeply
‘ 'eastward at angles up to 75 degrees on Tangle Rldge Slmllar dips occur on the western _

,slopes of the Sunwapta River valley He suggested that the east limb. of the structure has
- a wndth of approxlmately 1 km wnth an average dlp of 25 degrees westwards ranging |
¢ from 9 degrees near the*axns at Stanley Falls to' 39 degrees. on Sunwapta Peak. ‘He also *

postulated the exnstence of a slgmflcant strlke fault along the valley of Beauty Creek
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Hughes (1955} stated that strata of Pre—Cambrian, Cambrian, Ordovician and
Dev’onian ages are present in the region (Figs 1.3 and .1.4). The Pre-Cambrian rocks have
a thickness of approximately 3350 m and were subdivided by Hughes (1955) into the
lower Hector Formation and the upper Jonas Creek Fo_rmation. The Hector Formation
'eon'sists of green slatey shales, interbedded with pebble quartzites, conglornerates and .
“sandstortes (Hughes 1955). This tormation is not exposed in the immediate vicin@ty of the
-field area, although the Iith'ologies described for it are found in the river sediments. The

. Jonas Creek Formation was described by Hughes (1955) as having a thickness of
approximately 1525 m. He found yellow quartzites, which become re‘d and pink o‘n"
weather’ing, local pebble bands and intercalated shale Ie'nses; Mapping by Hughes (1955)
indicated that the Jonas Creek ’Formation_ underlies part of the proximal reach of the

study area. _ ’ ' o g;f',

g =

; The Cambrlan strata were fOund to have a thickness. of approxlmately 1430 m
(Hughes 1955) The basal Cambrian formation the Mount Whyte Formation, COmprlses a
.. lower limestone and- dolomite member a middle green meta-— argllllte member and an

v
upper oolltlc ||mestone member Within the study area, Hughes {1955) found exposures

of the lower member ol'bedrock islands W|thm the study reach, and middle and upper .
“members on the west side of Tangle Ridge, at the foot of extensive cliffs. | '
Overlymg the Mount Whyte Formatlon is'the extensrve Sunwapta Peak Formatnon
'comprrsmg I|mestone predominantly nodular although Iocally thin bedded or mass»ve, and
dolom:te cream—white in colour, pure to calcareous in nature (Hughes 1955) The
formation is extensuvely exposed on Sunwapta Peak and underlles most of the study . Y,
: reach as well as bemg exposed along Beauty Creek. Baxrd (1977) stated that the \—/ :
Sunwapta Peak Format:on is exposed along the cliffs and peaks t,o the west of the v
Sunwapta Rlver Allan (1938) noted that there are extensive exposures in cllffs on the
. west s:de of the upper outwash and on the. north face of Mount Kitchener.
The Sunwapta Peak Formatnon is overlam by a sequence of shale and hmestone
beds termed the Tangle Rndge Formatlon by Hughes (1955) This formation: has a

thnckness of 580 m. Extenslvely exposed on Tangle’ Rldge the limestone is predomlnantly

: dens,e, buff, light brown or grey in colour and the shale is dominantly green in colour.
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Both Severson (1950} and Hughes (1955) reported the existence of two
Ordovigian formations in the area. The lower one, Formation A {Hughes 1955),
comprises approximately 230 m of grey limestones with black chert nodules, minor

green shale lenses and conglomearate bands. Overlying this is a white quartzitic sandstone

formation, the Mount Wilson Formation, which thins in a northward directic:n (Severson
1950). | o

Silurian and, more extensive, Devonian rocks are exposed adjacent to the higher
. reaches of the Sunwapta River (Severson 1950) and to a limited extent on top of Tangle
idge (Hughes 1955). ‘The Silurian is represented by a massive g:ey dolomite bed. The
De nién beds consist predominantly of limestone, with the extensivé, massive, grey,
Palli; Forn;\ation (approximate thickness 580 m) overlying the thinly bedded, black, .
limestone,\Eairh'olme'Formation and underlying less extensive, black, Exshaw limestone
‘and shale beés(\SeVerson 1950). There is a limited exposure of Banf“fshale, of

MisSissipian age, an Nigel Peak (Severson 1§50) :

1.3 Channel P'attem

Channel patterns change over the reach in a snmnlar manner to those reported
. from other studies. (Krﬁstrom 962, Fahnestock 1969 Smlth DG 1991, Bradley et al.

- 1972) Four sub—}re/ches were de ined to facnhtate the descrnpt'on of the channel

patterns m the study reach and to assist in the subsequent statlstlcal anaIyS|s of sediment
_ variations. ‘ '
1) The proximal sub—reach lies between the upstream end of the Beauty Creek

fiats and the Wooley Creek fan. .

to’ Beauty Creek

b3 The distal sub reach lies between Beauty eek and the Diadem Creek fan‘. o

. 4) The mter—fan sub—re,ach begins downstream the Diadem Creek fan and
. . . . . . \
terminates at the fan of the unnamed creek.
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1.3.1 Proximal sub-reach

Upon emergence onto the Beauty Creek flats, the Sunwapta River i confined to
the east by a large groyne and currently mamntains a nearly straight course {Fig 1.9) Thae
channel is '?ncised \z\np‘proximately one metre below a gravel terrace and wastward
migration is taking plz;\ca The river continues as a single channel for about 400 m betfore
‘braiding commences with the davelopment of large bars (Fig 1.6) Local water s;ur"fm':n
slép’es in this area are high and topographic differences betwaeen bar and water surfaces
may be relatively great, up to 60 cm (Fig 1.7)

_ The main channel is sinuous with few braids for much of the proxin;al reach
where it follows the western edge of the valley train. At high stages, a small number of
distributaries branch froﬁ the main channel a short distance downstream from the initial
braid (?ig 1.8). These carry flow along the pastern edge of the active surface and rejoin
the main éhanne! further downstream. As no further distributaries form in the next 2 km
downstream it is probable that the valley‘surface has an east to wast transverse slope.
This contention is supported by the existence of-an extensive area of vegetated gravel
oécupying approximat¢ly on’é half of thelvalvley ‘flat width. This low terrace is at a height
"of about 50 cm above the active gra\;el area. Cross-profiles surveyed by Rice {1979)
halso indicate a general east t’o west slope to the valley flat in this area

/ Approximately 500 m sttream of the Wooley Creek fan the river divides into a
- number of minor ch;nnels, deiimited by sméllhlongitudinal bars and highly active, large
flats (Figs 1.9, 1.10). . The change in channel pattern corresponds to a reduction in slope

upstream of the fan.

| 1 3 2 Medlal sub reach ‘
Adjacent to the Wooley Creek fan, and a bedrock outcrop, the flow comblnes to
form a single main chgnnel (Fig 1.11). Downstream‘:thls sihgle channel is maintained
~ although considerable lateral shifts in the; position of the channel have ‘created a large,
| complex gravel fllat (Fig 1.12). Approximately 500 m downstream of the Wooley Creek
fan, correspondmg to an lncrease in the w1dth of the valley flat an area of flow
‘expanSIon occurs. Variable deposmon in thts area controls the dlrectlon of flow ina 15

km long downstream reach (an 1.13). The snngle main channel divides into two systems

e -
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Figure 1.5 Single Channe!, Proximal Sub-~reach
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.

(View downstream)

Figure 1.6 Initial Braid, Proximal Sub-reach (View

o

downstream).
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F:oure 1. 7 ngh Gradle tChanneI and Assocuated .‘ars Proxumal Sub reacn
(View downstream) SR .
S0 ;

Fugure 1 8 Mmor Channel East sude%bf Prox:mal Sub reacrr (Vlew downstream).’

Abandoned cravel area appears to the rlght of th\, p.eture

a

12
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Fugure 1 10 Wooley Creek AIIuvraI Fan (Flow left to rlght).
Note the abando ned nature of the fan surface

"
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Flgure 1 12 Large Comp!ex Gravel Flat Downstream of Wooley Creek
(Flow from left to rlght)

14



15

:_ seaparated by a large partly stablise’d vegetatedi\area The flow alternated between"the
two systems durmg the pernod of fleld observatlon W|th onIy one belng dommant\ ata
smgle time. .~ | ‘ '

e The west system when dommant comprlses a s:ngle main channel wnth numerous ‘
small in— channel bars The east system {Fig 1.14), at the tlme of observat»on was |
actlvely modn‘ylng former channels on the stablllsed gravel flat area The upstream

' portlons of this system had }?een extensxvely altered with' the development of large
longltudlnal deposmonal flats. Downstream in the dlstal area of. the east system '

N eros;onal remnants of the stabnllsed area deflned ‘the channel pattern |

\Approxlmately 1.5 km above Beauty Creek the flow converges lnto a smgle .
dommant ehannel Wthh closely parallels the hlghway (Flg l 18] Flow rmpmgement upon

: the hlghway causeway is prevented by a series of obllque groynes Deposmonal forms
‘tend to be more markedly obllque and transverse to the flow as compared to those of

f-upstream areas Accretlonal areas tend to. show Iess varlatuon in rehef -as compared to

: those of upstream areas and at hngh stage these flats are Iargely mundated‘ At Iower

Be dlscharges flow is: conflned to small channels Wthh dellmlt longltudmally orlentated flats.

 Figs 1.16, . 17) R :

1 " To the west 5|de of the domlnant channel a large partly vegetated area of |

: ‘>>"gr@vel has developed as a result of Iateral accretlon A number of mlnor channels Wthh

-“‘cross the area appear to be Iargely stable Between the groynes adj )acent to’ the \ '
hlghway there area. number of Iarge splays whlchrresult from gravel deposutlon lnto

the,se mter groyne areas lmmedlately upstream of |ts confluence with Beauty Creek the

' _vmaln channel system has a3 large splay Wthh lS actlve at hlgh flow: Th|s may be a ‘ : '

‘ ‘response to a reductlon xn the water surface slope related to the backwater created by"

.

the Iarge groyne whlch protects the Beauty Creek culvert (Flg 1 18) “At low flow_th_e“

" areais characterlsed by longltudlnally orlentated complex flats

1.3.3 Distal sub- reach |
_‘ In the dlstal reach the maln channel and the Beauty Creek trxbutary are separated
'lnltnally by a large groyne ‘the maln channel belng deflected away from the hlghway

'causeway In channel deposmon lS llmlted to small Iongltudmal gravel flats but

. >
()""<1
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Flgure 1 14 East Channel System Medxal Sub reach (Vaew downstream)
' Note the partly vegetated area to centre of the reach



Figu_r’ék 115 Convergence of Flow, Medial Sub-reach. View (.:péfréékﬁ).

O @
I

Fvgure 116 Mam Channel System Downstream End of Medlal Sub reach
(Vnew downstream)

17



Flgure T 17 Main Channel System Downstream End of Medlal Sub-reach (Vlew downstream)
The groynes extend from the hlghway causeway (rlght of plcture)

A
\

Flgure 1 18 Confluenee cf Beauty Creek and Sunwapta Rrver (Vuew downstream) :
ST Note the splay form.i m centre reach, beyond the partly vegetated gravel bank

i
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“lr\nmediately downstream of trhegro'yne flow diverges and deposits large sheets of gravel.
to\VWards‘the highway (Fig 1.19). Flow from Befuty Creek, with additions from the main
channel parallels the hlghway causeway before b \r\‘ng deflected towards the main channel
by another groyne. Grayel deposmon occurs at this point in a splay form At hlgh stages
the gravel flats and splays are largely submerged (Fig 1.20). T

Approxrmately 1 km downstream of Beauty Creek, the main channel divides into

~ multiple, small channels, although a dominant channel occurs along the west side of the

o reach (Figs..1.21and 1 22) The channels delimit a number of small braid bars which are

- partlally vegetated and carry large amounts of drift wood. Certaln areas are relict with
large, partly stablised, vegetated flats -and small vegetated islands. ThIS channel pattern '
represents a transition between the hlghly active bralded system upstream and a more
- stabilised pattel n downstream and occurs in-an area where the water surface slope
.. shows a marked decllne in comparlson to upstream areas. » o
_ Thls transutnonal pattern grades abruptly into a shor:t anastomozed reach snmllar to.
- those described by Smlth D.G and Smlth ND. (1981) (Fig 1. 23). The area is dominated by ©
'f' large vegetated islands which are stable and are bordered by low Ievees The islands | »
receuve only overbank sediment deposlted at very hlgh stages The upstream and Iateral '
" margms are bemg eroded but downstream accretlon is occurrlng ‘and forms partly
~,stabllsed sand and gravel areas (Flg 1.24).. The channels have varlable widths between the
‘vegetated lslands Flow dlverges into the W|der areas where large lobate bars of gravel
) and’ sand develop ' ‘
' This channel pattern is succeeded downstream by a sandy bralded section -
‘extendlng approxlmately 1. 5 km to the Diadem Creek fan (Fig 1.25). There is a large
vegetated area to the west whlch receives overbank deposnts at very high stages At its
northerh end silt and sand deposrts are derlved fiom the Diadem Creek fan. rWIthIn the
channel there are a number of bar forms vand‘depo_smonal umts similar to those described
by Cant and Walker (1978). | _ _ |
i A hierarchy of in— channel forms is recogn:sable The largest feature |s a. Iarge .
. partly vegetated |sland which is accretlng at the upstream and downstream margms ThlS

' nsland is belng attached to the ad Jacent west bank by the lnfllhng of‘a small slough

channel A SImllar but Iess stablhsed lsland emerges at low stages further downstream .



Figure 1.19 In-Channel Deposition,

L4

Downstream of Beauty Creek (View:downstream).
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Figure 1.21 Elevatéd View of Medial and Distal Sub-reaches (View upstream).

Vo - . s

Fi’gufe‘ 1.22ATrahsition Section, Dista! 8’ub-reach (Flow from left to right). .
'Note the small muitiple channels and Sinuqus bar forms.- - °

‘.

Y
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Flgure 1.24 Anastomosed Sectnon Distal Sub— reach (View upstream)
Note the vegetated nature of the weli-stabilised rslands in the. reach

.

22
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in the section (Flg 1.26). Thls is attached to the bank and is cut by transverse channeis
and scours. Iniarge flow dlvergences mid~-channel longitudinal bars with a downstream
extent of 150 m occur (Fig 1.27). These are crescentic in shape, and develop
downstream from triangular nuclei. From these nuclei a series of "horns” (Cant and
Walker 1978) developed,extending curvilingarly d.ownstream. Overlapping lobes
developed ad‘jacent to these bars and in otker minor flow divergences. These have .

extensive avalanche faces\forming into deeper water.

1.3.4 Inter-fan‘sub-reach

Flow is confined to a s‘ingle channel, adjacent to the Diadem Creek alluvia_l fan,
with local dlv’isions occurring ar'otl’nd stabillsed and possibly artificially constructed bar
complexes (Fig 1.28). At the |n|hal flow constriction there is a marked break in the water
surface slope {Fig 1.29). The flow divides, downstream of the fan mto two main
channelsaand a number of minor channels Inter— channel aneas are made up of stabilised
-gravel with sparse vegetatlon (Figs. 1.30 and 1.31) The size of the stabilised gravel areas’
lncreases downstream and the vegetatlon upon them becomes more dense (Fig 1. 32)
| Durlng observed high flows the pattern remalned stable with gravel transport and
deposmon belng conflned to the channels The two channels converge approx:mately
Tkm downstream and, correspondmg with a marKed decrease in slope the reach adopts '
a sandy branded form similar to the section above the Dladem Creek alluvnal fan (Flgs 1 33\

and 1. 34) Flow is largely confined to the sastern part of the valley floor by a large

‘ vegetated area of overbank sedlment. : T ’

1.4 Slope Characterlstlcs e k
The proflle of the reach was surveyed by Rice {1879} with an addmonal survey of
the lower inter— fan reach being obtalned iin conjunction with the current study (Ashmore
‘personnal communication). In both cases'a water surface proflle was obtained for the
.maln chacnel. The slope profile demonstrates a concave upwards form,. although witha
number of S|gn|f|cant devuatlons from the widely descrlbed exponentlal form (Shulits

' 1941) Fig 1.35).
v 3 “ e



Figure 1.25 Upstream Portion of Sandy Braided Section, Distal Sub-reach.
(View downstream).

Note the stabilised nature of the area's‘ladjacent to the channels:

a

~
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Figure 1.27 Longitudinal Bar. Sandy Braided Section, Distal Sub-reach
(Flow from left to right).
Note the "horns" extending away from the bar head.

* Figure 1.28 Initial Braid, Inter=fan Sub-reach (View downstream).
The Diadem Creek fan is to the left of the picture.

e
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anure 1.30 inter— channel Gravel Areas Inter fan Sub reach (Vsew downstream)
‘ Note the’ partly vegetated surface of the bars S x
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Figure 1.31 Inter—channel Gravel Area Inter~fan Sub-reach. (View downstream)
: : <

N -
f_Flgure 1. 32 WeII Stab:hsed Gravel Area Inter fan Sub— reach (Vlew downstream) : o
e Note the mcreased densrty of vegetatlon on the bar surfaces as compared to the R e
prev.ous two.photographs. 4 PR '
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ided Section, Inter=fan Sub-reach .

: ‘Fig.ur’e_' 1.33_|r1-c;"h,a‘nn‘el' Dépgsiﬂon, Sandy Bra
" Note the transverse bar aggrading into the channel.in the foreground. *-
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The proxumal sub reach generally shows a constant slope wuth a svgmflcant

. decrease in gradlent onIy occurrmg upstream of the Wooley Creek fan. The slope in the

smgle channel sectlon of the proxmal reach is shghtly less than |n the bralded section ©
|mmed|ately dOWnstream Although local steepemng occurs downstream of. the Wooley

Creek fan a general decline in slope occurs in the medlal and dlstal sub—reaches.

‘ However there is a lneal decrease in slope upstream of the confluence of Beauty Creek

and the main reach There is-a local increase in water surface slope downstream of th|s
confluence

The Dladem Creek alluvial fan forms a local base level for the upper parts of the

S reach with the assocnated backwater curve extendmg upstream for approxnmately 1.7
‘ --km There is a marked break of slope and a steepenlng of gradlent adjacent to the fan

: The gradnent mcreases downstream of Grnzzly Creek where the reach adopts a constant o

o slope for approxumately 1200 m. At thls pomt correspond:ng to the downstream llmlt

“of gravel bed material, there is-a marked declme in slope related to the backwater g

| ,created by the alIuvnaI fan downstream

: There isa broad snmllarlty between the observed changes in channel pattern and

: slope and thos’e descrlbed by Smlth D. G (197 1) for the North Saskatchewan Rlver He .

: »ascrlbed the changes in channel pattern of the North Saskatchewan Rlver to aggradatnon

up- and. downstream of actnve alluvnal fans A

1.5 Hydrology

In a prev:ous study Rlce (1979) showed that the dlscharge in the upper part of the -

',Sunwapta Rlver is controlled by glacner and snow melt He. contended that there were

two annual dlscharge peaks, correspondmg to the sprmg melt in Aprnl and May and to .

: ‘glamer melt durmg warm summer weather in July and August anure 1. 36a shows

monthly mean duscharge for 1977 at the gaugmg statlon upstream of the Beauty Creek

A

l' flats at Sunwapta Lake Peak monthly dlscharges occurred durlng August and there were .

-observed in July and August ThlS seemed to be related to three factors '

' no hxgh flows durlng the early sprlng of that year Durmg thls nnvestlgatlon hlgh flow was |

) Snowmelt at hlgh altltudes

2) Ablatlon of permanent |ce masses

T
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i the upstream end of the reach and lOpm at the downstream end. The average dally

‘ 3) Ramfall runoff .

The primary control on the first two sources of runoff was. the occurrence of
warm, sunny weather although the rlver stage remamed hlgh with hngh air temperatures
even |n cloudy weather Rainfall was rapldly reflected in rlver stage and moderately high
st;e;ﬁ;ere noted durnng perlods of hngh ramfall desplte low temperatures Rice (1979)
showed {Fig 1. 36b) that, for the pernod July 21 and August 15 1977 mean dally

dlscharge varied between 12 8 m3§! and 21.2 m?$! at the head of the Beauty Creek flats

" .. He roted that peak dnscharges durmg this perlod occurred after a prolonged perlod of
- clear and hot weather, although there was-a;one to two»day lag between a change in the

- w'eather and a noticeable change in'stage. Apprec‘iablerework_ing of in—channel

‘sediments was n‘ot observed except When"stage exceeded bank full.

When dlscharge -was derlved malnly from ice and snow melt the stage typically

' showed a marked diurnal peak W|th maxumum etage occurrmg at approxnmately 6pm at

varlatlon in stage at the dlstal alluvnal fan. under these‘condltlons was 20~ 25 ém. Rlce :

' (1979) found that the varlatlon in stage at the upstream end of the reach was

- }apprOxlmately 30 35 cm He observed that a number of minor- peaks were -

o

[§

~

L.

superlmposnd on the diurnal dlscharge cycle the (1979) attrlbuted these bursts of flow

to varlatlons in the rate of glacxer melt However durlng the present fleld mvestlgatlon

?

- s;mllar fluctuatlons in stage were observed to result after heavy ramstorms

1. 6 The Influence of Road Constructlon on the Study Reach

o

o As prevrously noted the eastern svde of the studled reach |s now conflned by a

road causeway (nghway 93) Inltnal road construct:on took place between 1936 and

1939 when the route was confmed to the eastern marglns of the valley flat A
reallgnment of thls hlghway took place in 1954 with Irmlted constructlon over the. gravel |
’ surface nghway 93 was reconstructed durmg the perlod 1959 1962 wuth ma)or o

v alteratlons to the ldteral extent of the actnve part of the reach.

: The hlghway runs along a causeway 2-3'm above the gravel surface Except for .

llmlted SBC‘thI’\S the causeway |IBS dlrectly upon the former alluvral surface ‘The major

coLA

B

. alteratlon to- the extent of the valley traln has been in the medlal sub reach where the y
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cadseway has. |solated approxnmate|y 200- 300 m of the flat for a Iength of 2 km and

~has caused the main channel to shift westwards Examlnatlon of a serles of aernal

. photographs taken in 1959, as part of 'the hlghway survey, suggests that the hughway

partly follows the former domlnant cjhannel In addition to the diversion of the mam
reach extensxve modification was made to the pattern of Beauty Creek whnch now has a

' sungle stable channel enternng the’ maln reach. through large diameter culverts under the

'hnghway Formerly, thns tributary had a braided channel pattern

, Frequent channel changes subsequent to hsghway construction have resulted in
the mpmgement of flow on the hlghway causeway In order to protect the causeway a

: number of groynes have been built.out into the reach in the vucumty of Beauty ‘Creek. The»

‘ Iast major period of constructlon was in 1971 and there has been no ser10us recurrence 3

'a of causeway erosuon sunce then (Frank Leong, Chief Engineer, Jasper National Park: '

s personnal cornmumcatlon) in assocnatlon with the groyne constrUctlon an attempt was .
~made to dlvert the the main channe! to the west side of the reach by dredglng and gravel .
bank constructlon This seems to have had little mfluence on flow routlng and the - |
. remnants of the artuﬂc:al gravel banks were observed to be erodmg Large volumes of

alluvial gravel were excavated as, borrow to facilitate hlghway construct|on . This was

: _”vlargely taken frdm inactive gravel areas; although major modlflcatlons were made to the
Dladem Creek fan wuth removal of part of the distal edge next to the main channel The

‘,rlver appears to have read ;usted rapidly :;fter highway construction and such
modtficati’ons seem not to atfectth,e conclusions drawn from the study. 4 '

L

B



2. PREVIOUS WORK

21 Introductlon
Examination of previous work provndes a theoretical baS|s from which the .

objectlves of the thesis, outlined in Chapter One, may be approached. Foa

i P

|
2.2 Downstream Vanatlons in Grain Size
Dlmlnutlon in the size of bed materlal of alluvial streams with increasing dlstance
. downst‘ream, has been widely recognlsed. Whiist such diminution has been implied in
' many studies of braided river deposits (Hein and Walker 1977, -Miall 1977), statistical
v,' studies of such dlmmutnon have been- relatlvely few (Church 1972, Bradley Fahnestock
. and Rowenkamp 1972, Smlth 1974 Boothroyd and Ashiey 1975 Ballantyne 1978) '
-Decreasmg particle size w;th distance has been recognlsed as an vmportant mfluence on
the behavnour of hydrauhc and channel varnables (Fahnestock 1963, Nordseth 1873, Rice.
1979) and also in the devetopment of sed|mentary structures and sequences (Boothroyd
and Ashley 1975, Heln and Walker 1977, - |
The dnmmu‘uon of bed sed:ments has been attrlbuted to two types of process the
“abrasuon of mdlvndual particles and progres&uve sortmg by size. The d:munution of
‘ partlcles due to abrasnon represents wear é\/s a result of ‘impact, rubblng and grinding
. (Marshall 1927).. Kuenen (1956) also suggested that abrasion occurred as a result of - '
Sphttmg, crushing, crackmg_, and chemlcal »attack. The decline’in gra‘m' size d_ue to attrition

=

has been d}ésf:ribe_d mathematically b‘y an:exponenti,al equetjon of the ferrn.‘
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o - W=Wse Equatuon 1 (Sternberg 1875)
where '
v . \Wo is the weight of a characterlstlc partlcle at an arbltrary
startung location.
\A/ Iis the characteristic weight at some dlstance x measured
downstream.
aw is the coefficient of welght diminution.
e is the base for natural logarithms.

-

v Sternberg (1875) attributed this decline to the attrition of particles due to -
fl'lCthl"lal forces exerted |n transport (Scheldegger 197D) and mducated that the reductlon

in the weight of a part|Cle was durectly proportional to the work done in overcommg

frxctlon in the distance travelled lShullts 1936) .

Equatlon 1 may be rewrltten as follows N
R ‘ K . /
2 - c -

, g o 2 , D D e O.D

where;
T D is a characterlstlc linear dimension of the partlcle at some
’ distance x downstream. :
% Do is that dimension where x = 0.
: QOIS ‘'a coefficient of size difninution

-/ Equation2 '

Equation 2°follows from Equatlon 1 as \NoL p3 3!\165 ' 3“0 = Qw

Dlmlnutlon due to abrasnon has been S|mulated by tumblmg mlll experuments

‘ (Daubree 1879 Wentworth 1819, 1922a Krumbem 1937) Kuenen (1956) crltlcused thls

method and designed a cnrcular flume to demonstrate the effects of dlfferent bed
conditions, water velocities and suspended sedlment addmons on abrasion. The
experlmental sntuatlon differed from natural conditions because the pebble motion was
continuous, whllst in alluwal transport mduv:dual partlcles will be at rest for considerable
periods of time. Kuenen l1955) however; noted that wet sand blastmg is an inef fectual

mechamsm in causmg the attrmon of pebbles under cobble size; as the pebbles tend to

“be dlsplaced by the flows causing the blastmg However Pearce (197 1) suggested that

"pebble blastlng" may be an effectlve mechamsm if an. mdnv:dual pebble is stable as a
result of lmbrlcatlon ' | ‘

: Bradley (19’7 0) and Schumm and Stevens (1973) noted that the expernmental

.results, from flume and tumbllng mills, underestlmate observed diminution in nature.

Bradley (1970) suggestedthat thls dlscrepancy was the result of the use of fresh

.
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particles in the experiments an_d' used a Kuenen—type flume to demonstrate the more
rapid abrasion of weathered material. Using!the arguments of Mackin (1948), he
discounted differential transport as a factor causing the dimtnution in the size of pebbles
in'the Color‘ado River between Austin and Eagle Lake, fexas He showed that the size

damlnutaon of granite could be completely explamed by the abrasuon of weathered gramte.

. However, ~as Schumm and Stevens {1973} noted, there was a consnderable dnscrepancy in

- the diminution coefficients between experimental and river—based coeffncrents,

"North Saskatchewan River, Alberta is accounted for by abrasion /n situ. This, they:

_particularly for chert and ‘quartz.

Schumm and Stevens (1973)‘.suggested that the experimental under—estimation of
diminutionco'efficients results 'because abrasion also occurs whilst particlves are
emplaced on a river bed. At velocities Just below those reqmred for entramment
especually where the bed is armoured mdlwdual partlcles vibrate in place Colhsnon
between ad jacent particles results in commrnut:on thhout transportation. Shaw and

Kellerhals (in press) combined the pebble blasting mechanism suggested by -Pearce (197 1)

with the in—place abraslon outlined by Schumm and Stevens (1973) and proposed two

components to the dlmmutnon coeffrcrent aD

GO zaT + av
Equation 3
where; A
: + - 47 = diminution in transport.
d\/ = diminution /n situ

' They concluded that approxumately 90 percent of the abrasion of quartzites in the

stated, is a function of_the period of time over which abrasnon in SItu occurred, not
because in situ abrasion is more powerful than abrasion during transport

Mackin (1948) argued that attrition is the prlmary cause of the downstream

- diminution of grain size in degraded and "graded’ rivers. However he noted that in

¢

aggrading streams ,differentlal transport is an important factor causmg size diminution.”

This contention is supported by vthe high values of diminution coefficients determined for

“aggradational features such as alluvial fans (Blissenbach 1954, Bluck 1965). Plumiey.

(1948) suggested that between 75 percent and 85 percent of the diminution in size of

pebbles'in"the Black Hills Terrace Gravels was caused by differential transport. Bradley

~etal. (1972) concluded that differential transport is responSIble for 90 to 95 percent of

¥y
-

~.
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the reduction in the size of gravel in the Knik River, Alaska. -

Russell (1939) separated dif ferential transport into two components Sorting ata
\ particular locality and progress;ve downstream sortmg Local sorting on the bedform
scale hds been demonstrated by Jopling {(1964) and Brush (1965). Raha et a/.(1973)
stated that bed materlal transport theory predicts size sorting to result from suspended
sediment transport with the median size of the suspended material varying vertically in
. the depth of flow and laterally across the width of the channel.. They noted that bedload
transport relé4tionships are more complex but they suggested that coarser partlcles are
transported over shorter distances at a trme Rana et a/. (18973) also noted that the rolhng
~and aval‘anching of particies over the stoss and lee slopes of bedforms creates sorting.

Progressnve sortmg has been largely attributed to downstream decreases in
competency. (Russell 1939, Allen 1970) Russell (1939) alsp suggested that fluctuations _‘ ,
in competency might result in a progress:ve decrease in mean gram ‘size, with the
-smallest partrcles being moved even at mlnlmum competency whereas the Iargest
particles are moved only-at high, competency ' v '

Two theoretncal approaches have been made in consudermg the initiation of
motlon White (1940) considered the equ:hbrlum of single clasts ‘with respect to the f|UId
forces tendmg to entrain the clast and the gravxtatlonal forces resustmg movement. He
assumed that both sets of forces act through the centre of | {grawty of the clast but the
'clast itself moves by pivoting around a flxed point. The analysns therefore mvolves the

' consnderatlon of the balance of'two moments initiation of clast motuon dependmg not
'_only on t?ie apphed shear stress or on the size of the clast and its submerged specn‘lc
welght but also on the angle of plvo’t and grain exposure

A dufferent approach was used by Shields {1936, in Raudkivi’ 1967) who related a

"dimensuonless ratio of shear stress and graV|tat:;;al foree/} to the boundary Reynoids /‘
number (Re =dux/y, where d = grain diameter, u* = shear velocuty v = kinematic
viscosity). The latter term is an expresslon of the grain size in relation to the thlckness of
the vuscous subslayer and is rmportant in relatlon to drag and llft forces The form of the -
relatlonshlp was verlfled experrmentally and the results were plotted to obtain a

_ reasonably deflned curve (Raudkivi 1967). Shields' criterion is often converted to a

direct plot of grain size against average shear stress, the two being almost directly

-
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' proportional for the larger grain sizes (Allen 1970, p51, Flg 1.38).

A number of factors have been shown to cause devnatlon from such a 3
relationship. Church (1972) noted that "underloose” larmoured) materlals require greater_‘
s,hear stresses than predicted, while "overloose” sediment will experience motion at
lower values of critical shear stress than predicted. Similarly, where grains rest on a
. slopmg surface, Iower values of shear stress wnll be required to initiate motion than
predicted by Shields relationship. Shear stresses themselves devuate wndely fom average ‘
values. Instantaneous values of shear stress may reach uplto four times the average
values. S - | ' 'V .

Ashmore (4979) noted that large grains rnay be entrained more readily than small
ones and he suggested that this might be due to the larger grains possessmg a lower
angle of pivot than smaller ones. Chang (1939), however earlier suggested that such
preferentlal entramment may be the result of the larger grams pro;ectmg higher into the
flow and bemg exposed to greater velocmes The preferentxal entrainment of larger
grams was observed by Straub (1935) in flume experlments in Wthh a snze gradatlon
from fine to coarse developed downstream Everts (1973) noted a tendency for larger
grains to move more easily over a frne ‘bed than grains of ‘the same size as the bed and
Church and Gllbert (1975) reported several cases where coarse grams were entrained
_ preferentially. Furthermore, as Ashmore {1979) noted, even where there is a. large size
‘range present, there 1S very little dlfference in the critical tractlve force for a large
proportlon of the bed material, so there is a tendency for a considerable portion of the
,load to move at the same time. 1n the Ilght of the above ewdence it is unhkely that
relationships between tractive force and gram size can account solely for sedlment
sortmg patterns. o . o

' Bradley (1870) suggested that gravel transport occurred mtermlttently and that
~

when in transport smaller particles move faster and more frequently than larger particles,

with a: resultin separatio\n\sizes “Meland and Norrman (1969), however, showed that

for natural m terlal between 0.85 and 7.0 mm m’ diameter, maximum transport velocities . ‘

occurred in thé coarser fractlons _They su%gested that the faster movmg coarse,
fractlons are deposnted earller and collect at the base of the accretlon mass. Hence in an
aggradmg situation progress:ve ‘fining may occur with the fmer slower-— movmg fractions

o



39

being deposited over the faster~moving fractions.

However, Laronne and Carson (1976) in field experiments, and Koster (1977),
found that maximum transport velocities occurred when clasts were of intermediate 5iz@
Koster {1977) noted that this "optimum” size of transport was dependent on a ratio
between nominal diameter and flow depth {dn/Y). He found that ma;timum velocities for
large pebbles occurred when values of this ratio were between 0.3 and 0.6. Below this
range transport velocities were slower and dependent on clast size, but above this range.
as the values of the ratio approached unity, transport velocities were dependent on the
competence of the flow. Hence it may be suggested that the mechanism proposed by
Meland and Norrman (1969) does not completely explain si}e sorting at an aggrading
location.” This may reSUIt from a more rapld burial of-intermediate s:zed clasts and a

lower frequency of Iarge clast transport

diminution of grain size in alluvual channels caused by dlf";
introduced a number of assumptlons
1) Flow m the channel ns steady and constant The channel section, and
-hen’ce discharge intensity of flow, remaln constant downstream.-
2) The cnannell profile is an independent Variable. -

3) The channel siope decreases exponentially in a downstream direction

in the form,
) " . _ Xx a
. 9 = So e | | e
' . o ‘ Equation 4.
where; ‘ o
‘ . S = local channel slope.
: X = distance from an upstream reference sectlon
- = coefficient of slope reduction.

4) The channel is in equilibrium, but it initially formed as a result of the

B

aggradation of material transported from upstream \

Using Emstem s (1950 bedload formula, for a ‘given dlscharge intensity of flow

-

" and bed material load concentration (and the above assumptions), they showed: that the

median bed material size decreased exponentially downstream.
Lo . 2% v
A . , . ) : : o “.

.



";':reductxon should be the similar. \\

'Dx_:DoQ‘ D

o N . o Equatlon 5.

where;: - ' ’

= the medlan diameter of the. bed materlal at the beglnnlng of
. the reach.

Do = the median dlameter of the bed material at the end of the

- reach. -
© 0p = coefficient of bed materlal size reductlon

X = distance.” - v

o

o They c(:]onc\lu‘ded that;
o i the energy gradlent decreases exponentlally the bed. materlal size
'also decreases exponentlally ‘

- 2) The coefﬁcnent of. bed materlal size reductlon along the reach was

not constant over long reaches but decreased if the flow reglme deflned by Froude

- :number changed from upper to lower.

- 3) For two channels w:th dlfferent energy gradlents@ dlfferent flow

' NG
: {’,characterlstlcs but the same bed materlal tr”ansport the coeffnc:ents of bed materlal S|ze

i
Ehe

A comparable anaIySls was undertaken by Delgaard and Fredsoe (1978) Unlike -

°

Rana et al. (1973) tl}ey mtroduced no assumptlon that the bed was lnmallv in equilibrium.

L They showed theoretlcally that as a bed alggrades the graln snze at a glven downstream

flocatlon lnltlally decreases ‘but eventually reaches a constant sxze The Iength of tnme
o taken for this equnllbrlum to be reached is dependent on the dlstance downstream Thelr

analysns l|ke that of - Rana et al. (1973) showed that mean graln s;ze decreases as the

: slope of the rlver declmes and for a glven longltudmal proflle the downstream

L '_dlmlnutlon in’ gram S|ze is unlquely determlned by the sedlment lnput and water. dlscharge

3
i

' Whllst the adoptlon of an exponentlal form for the- energy gradlent ln alluwal
_ '»ruvers may be valld in-a short term analys:s other workers have suggested alternatlve

: slope- bed materlal snze relathpshlps Plumley (1948) concluded that the bed materlal

suze reductlon only showed an exponentlal form if the slope showed a similar exponentlal i

“form. He further concluded that graln srze decllne was also dependent on dlscharge
streams wnth greater dlscharge havmg a faster rate of declme However h|s analysns is -
comphcated by’ the use: -of log, rather than logﬂ in the calculatuon of the: dlmmutlon

coefflcaents Scheldegger (1970) reported that Lokhtln (1897) outlmed a causal

°

~
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relatlonshxp between the slope of the rlver bed and the size of bed maternal For a gnven ,

river a balance on the bed was considered to’gex|st in the followung form
/’/ of’ ‘
Cf=-o/5 S o
Ce , , ' S Equation 6.
c,. . . where; ° o
o L . - . Ctisa constant coefftcuent qf f|xat|on
: . O is a characteristic linear dumensmn of the bed materlal
S is the slope : : AR

However other workers (Shullts 1941 M*khn 1948 Tanner 1971) have argued
that slope is a functlon of gram size. Shuhts (193§ mdlcated that m many rivers slope Is

proportlonal to partlcle welght and usnng Sternberg s (1 875) relatlonshlp he obtained;

N ..——Cl
.S':So"e W e
8 . l L - -Equation 7. ¢
FERR ' where; ‘ ‘ :
‘ o ‘ A = coeff|c|ent of welght reduétlon ~
S = Slope: | :

The correspondence between thlS equatlon and the actual river profules has been |
noted (Krumbeln 1937 Tanner 197.1).. A number of studies have shown a hlgh
| correlatlon between partlcle slze and slope (Hack 1957 Mnller 1958 Brush 1961)
)= ‘ 1 However as Brush (1961) suggested the causes of partlcle snze = slope relatlonshxps are

| largely unresolved

t .
2 3 Causes of Vanablhty Around Downstream Relatlonshlps

,t\ o :
¢ .

e prewous studles con51derable varlance has been noted around relatlonshlps

descrlbnng downstream changes in graln size (Mnller 1958 Church and Kellerhals 1978

: ) : Knnghton 1980 1982) ln part thls varnatnon ma\? be explalned by Iocal site nnfluences such
“ .A : ' dif ‘ n_rnffte and pool sediments (Scott and Gravelee 1964 Church -
0 e o 19"7I2:) f’However even where attempts were made to. mlmmnse Iocal site mfluences -
. S considerable varlatlon remalned (Church and Kellerhals 1978L

A ma;or dnsturbmg mfluence on downstream trends m graln s:ze is the mput of

fresh debrls from bedrock and bank erosxon (Muller 1958 Brush 1961 Knlghton 1980)
' However trlbutanes may have a s;mnlar mfluence The effect of a trlbutary mput on the
general trend in grann size will largely depend on the amount and composutlon of ‘the mput

relatwe to the mam strearn (nghton 1980) Church and Kellerhals (1978) noted that
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barrmg physncal interaction (| e. direct attrltlon) between the |nput and the main stream
sedlments, two dlstlnct populatlons should occur in the sediments downstream of a
confluence However glven that such populatlons may not be recognlsable from limited’
sampllng they suggested that, under certain condxtlons mean grain size mlght lncrease
“The persstence of the effect of the trlbutary mput largely depends on the rate of
dlspersal of the’ mput away from the confluence (Todorowc 1975). For the bralded Knlk
“River, Alaska ‘Bradley et a/. (1972) found that the mlxmg of trlbutary inputs was llmlted
-w:th the contributed sedlment remalnlng on the same side of the reach for up to 8 km. ‘
“In braided rrvers and outwash con5|derable surface varlabllty has been noted.
.Church (1972) recognlsed that trends in channel sedlments vyere more lrregular than
those on the sandur surface |tself Ballantyne (1978) descrlbed sedlment trends over a
small sandur on Ellesmere lsland He determlned three flow stages and noted that on the
. lower maln flow area’ both hannel sedlments and bar surface sedlments dnmlmshed in
E sue downstream The bar sekments were generally finer: than the channel se)du.ments
o although the trends converged ww'l dlstance Slmllar but less well deflned trends were k

T ldentlf-led on-the,floodplaln and _terrace sutf-aces.

: _>2 4 Varlatlons in Partlcle Shape - P l\ T

o Varlatnons in. partlcle shape have been considered in terms of roundness . B
‘(Krumbem 1941, Sneed and Folk 1958 Church 1872, nghton 1982 and others) _ | _
e “spherlcny lKrumbem 1942a, Sneed and Folk 1958 Helley 1969 and others) and by the ; '
use’ of axual ratios lSneed and Folk 1958 Bradley et. a/ 1972 Church 1972) |

2 4 1 Partlcle Roundness

Roundness measures descrlbe,thﬁ; rface morphology of a partlcle usually in

‘ terms of a ratlo betweeh a measure of\ cutvature of the partlcle outltne and a linear. -

4
dwnensuon}i of the par‘tlcle (Wentwqrth 1922a Wadell 1932, Kuenen 1956 Canlleux

o

o 1947) An alternatlve method was proposed by. Krumbem (1941) who produced a vnsual '

v fjj‘“ 'omparlson chart: based on the measure devused by Wadell (1932),

, flume experlments by Daubrae (1879) Wentworth (19 19 1922a) Krumbeln (1941) and v

-
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Kuenen (1956) They noted that the rate of roundneSS lncrease with. dlstance was |n|t|ally
rapud but then showed a marked dechne (at approxnmately 5-7° km Krumbeln 1941)
eventually approachmg an asymptotlc value The initial hngh rate of roundness lncrease

‘, was attributed by Wentworth (1922a) and Krumbeln {1942b) to the removal af sharp
_corners by chlpplng Krumbem (1942b) argued that roundness was subsequently
controlled by spherncny mcreasung spherucnty leading to mcreased roundness Plumley

' '_(1948) dlsputed Krumbein’ s (1 942b) analysns and- stated that ’the change in roundness wuth

amce and to the dlfference .

; 2, (

dlstance was dlrectly proportlonal to some. power ge] 4%@

A

between the, roundness of a partlcular clast at a certain dlstance and a limiting value of

roundness Wentworth (1922b) and Kuenen (1956) both found a relatlonshlp between
the rate of roundness nncrease and partlcle size. The Iatter author found larger pebbles

: .became more rounded than smaller pebbles with transport over the same dlstance |
. Slmllar behaV|0ur also seems to oceur’ under fleld condltuons Wentworth

(1922b) Plumle !
n ,

“9)48) Bllssenbach (1954) Sneed and Folk (19‘-‘)8) Pearce (197 l)

: velocutles ln upstream reaches pebbly stream beds larger partlcle SIZGS and chlppmg
,v;He attrtbuted the later decllne in the rate of roundlng to lower downstream veloc:tles
- :'sandler stream beds smaller partlcle snzes and a reductlon in the effectlveness of the .
- chlpplng process However Russell (1939) and Plttman and Ovenshme (1968) noted that, - |
under conditions of hlgh velocity, roundness may temporarlly decrease due to clast

. breakage Krumbem (l942b) argued that obs@rved downstream changes in roundness
may be partly a result of dlfferentlal transport smaller rounder partlcles belng . '
'transported more easuly This idea was supported by Pashmskuy { 1964) who noted that

‘Iess angular partlcles are more eas:ly entralned



-chert 64mm for quartz) would show a downstream decrease in spherlcxty and pebble
‘ smaller than thlS size would show an lncrease in spherncrty downstream They conclude
- that the absence of: sugnlflcant dlstance - spher:cuty relatnonshlps in other field studles ,

_was due to the failure of other workers to assess size - spherlcny relatronshlps

- velocmes and ease of entramment wnth a resultant sortmg wzth dlstance accordlng to

.44
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2.4.2 Partlcle Form

. Particle form is most commonly mvestngated using a spherlcnty measure ln

" tumbler expenments Krumbein (1942b) found that after a- small initial increase there was

little change in sphericity. Thls flndmg has been supported by many fleld studies, several

authors fmdmg no systematlc relatlonshlp between spher:crty and downstream distance

(Plumley 1948 Blissenbach 1\\54 Miller 1958 Brush 1961 ‘Bluck 1965, and Church

: 1972) However Unrug (1957) found that sphericity decreased downstream in the

Dunajec Valley. He attrlbuted this to shape sortmg whereby pebbles W|th low spherlcrty
were transported more easily. -

Sneed and Folk (1958) found that spherrcuty showed a complex relatnonshlp wrth

‘partlcle size, llthology and dlstance of transport For pebbles between 30 and 70 mm.in - '

,dlameter they found that quartz had the highest spherucuty and thls lncreased W|th

transport Chert- had an mtermedlate spheru:lty but thls decreased with: dlstance due to
ot

‘ _breakage erestone had Iow spherlcnty and due to breakage avnng beddung planes
o showed no consrstent changes in spherlcrty Pebble SIZE had no consrstent effect on the
spherlmty of llmestone but Iarger chert and quartz pebblea (54 70 mm) had a, lowe
.‘ Spherlmty than smaller ones (30~ 38 mm) Tms effect became more pronounced wrthK

.. downstream- dlstance They suggested that pebbles Iarger than a certaln sizé (39mm

A number of workers have suggested that partlcle form lnfluences transport :

o form Krumbeln l1942a) f0und that transport velocuty was. dlrectly related to rollmg
: velocrty and noted that elongated partrcles tended to roll faster. The contentlon that -
__rollmg and hence transport velocmes of spherlcal partlcles are greater was supported

: by Russell (1 939) and Plumley (1948) Helley (1969) found that, of all partlcle shapes

spherlcal partlcles were ‘most easily entralned However for condmons of suspensuon |

o v transport varnous workers have suggested that particles w;th high Spherlmty settle faster

. and therefore are transported Iess rapldly (Wadell 1932, Krumbelrl 1942a Lane and

i



Carlson 1954) Meland and Norrman (1969) however, reported poorly defined

‘ relatlonshlps between shape and transport velomty Lane and Carlson (1954) suggested
that for a given weught platey partlcles are less’ easlly transported than spherlcal
partlcles, possnbly due to imbrication, butthat for smnlar ‘diameter, platy .particles have a
lower weight and are, therefore, transported more easily. Koster (1977) found that the
degree of oblateness (disc) and prolateness (roller) exerts a strong control over transport
velocmes and concluded that where there was a low clast size to depth ratio, oblate
forms are transported more readlly because of their susceptlblhty to’ hydrauhc lift into '
faster movin,g levels of the flowx For larger clasts, and hence higher values of the clast"
size — depth 'ratio he found that pro|ate form's are more'readily tr.ansportedf because of

the hngh shear exerted in the Iower levels of the flow profile.:

Under field condmons both Unrug \1957) and Bradley et a/ (1872) tound that '

the Ieast moblle particle. shapes were spheres and rods and that blades and discs were.

' preferentlally transported Bluck (1964) found in aggradmg locations on a southern .
Nevada alluvnal fan, a downstream mcrease in rods and discs. He suggested that the
preferentnal transport of rods occurred under bedload transport and of dlSCS in

suspensnon transport Church {1972) found no significant changes in the proportnons of

 the varlous ngg (1935l classes downstream although he noted that the number of

spheronds and blades mcreased sllghtly at the expense of the numbers of dlSCS and '
rollers: | ' -

Field and experlmental studles in general have shown that strongly oblate or

prolate clast shapes are preferentnally tranSported lUnrug 1957 Bluck 1965 Bradley et .

a/ 1972 Koster 1977) This is at variance: with the flndlngs of Krumbem (1942a) and

Helley (1969) who found that spherlcal partlcles are more readlly transported Lane and

Carlson (\1954) supported the contentlon that oblate partlcles are more easrly
R

transported but §uggested that this was merely due to, thelr Iower weight, for a glven

-size, as compared to sphencal partlcles

\

|
|
|
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2.5 Sediment Size Variatlon‘s‘ over Bars .
Comparnson of the literature on sedlment varlatlons over exposed depOSmonal
areas is compllcated by the plethora of terms glven to such fluvnal forms (Smlth N D.
' 1978) A further problem is that the features may be sute specufuc, as each fueld location
tends to possess unique envnronmental parameters for example reach slope and gram
size. | | |
"y\'/ithin this study it is ‘h‘oped‘ not to add to to terminvolog'ical pr_oblerns Allen‘ "
i(1968 p 40) defined a bar, "as a bedform which may or may not be exposed at'a '
particul'ar stage, and which hds the dimensions of the same order as the channel in which
it occurs ; ln ‘a bralded river envnronment a dlstlnctlon may be. made between unlt bars
(Smith NDr 1974) and ”brard bars” (Allen 1968). Smuth (1974 p210) defmed unlt bars as |
relatlvely unmiodified bars whose morphologles are ‘determined by mainly deposmonal
processes"‘ Bluck (1979) argued that these bars are the basic unlts of sedimentation o
from Wthh brald bars develop It may be suggested that the maJorlty of the features i "
descrlbed in the llterature are of this latter form.” Wlthln this -study it is proposed to-
adopt Bluck's 1979) classification for braid bars | '
o) Medlal bars a bar form surrounded by actlve channels
2) Lateral bars; a bar. form attached to an e><|st|ng bank area
Smlth N.D. (1974) and Bluck (1979) argued that braid bar development results
from the coalescence and modlflcatlon of :unit bar forms Thls developmental sequence -
was also ldentlfled by the studles undertaken by Heln (1974) and later outlmed in Hein and
h .,Walker (1977) ‘However, other workers have suggested that brald bars result from the
| “ development’,and emergence of smgle unit’ bars (Krigstrom 1962, Rust 1972, Gustavson "
’ 1974, o R 7‘3 T o o
Smlth N D(1974) suggested that lmlt bars are unltlated when gravel ls deposnted as
"ia result of a Iocal “hydraulic change reducing sed|ment transport capacity. Hein and
_Walker (1977) similarly argued that most unlt bars develop lnltlally frormy . ing whlch is
e emplaced at maxrmum flow stage as a dlffuse sheet Observations by irom (1962)‘,.
:Smlth N.D. (1974) and Bluck l1979) lndlcated that these sheets develop in areas of |
‘dlverglng_ flow, frequently downstream of er_osIOnaI scour pools. Ashmore (1979)
identified three basic situations in ‘which bar Hdevelopmeht."may oc‘cur; .

Y
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1) Downstream of scour holes involving the junction of two or more
cfhannels, in channel bends, or where flow. is conflned by a bar upstream

| - 2) Downstream of flow expan5|on either where a’‘steep confined
- channel segment emerges into a less confined reach, or -where a dominant channel
aggrades sedlment into a scour hole. |
' 3) Where flow overtops a bank. The reductIOn in depth and flow '
velocity produces deposrtron in the form of ashallow sheet or lobe.” -

\ Leopold and Wolrnan (1957) Krlgstrom (1962l and’ Hem and Walker (1977)
.suggested that an initially emplaced gravel lag’ forms lnto an emergent bar by vert:cal
, aggradatlon Leopold and Wolman (1957) and Krigstrom (1962) also lndlcated that

downstream additions to the emerging bar also-occurred and the comblned effect of
-vertlcal and downstream accretlon progressively forced more water rnto the lateral
channels. Leopold and Wolman (1957) suggested that these channels may both deepen ‘
and widen, wrth bar emergence occurring as a result of downcuttmg Krngstrom (1962)
noted that flow dlverges over bar surfaces which form transportation surfaces, The.
‘ Iower slope of the: bar surfaces relatuve to the water surface slopes in the adjacentl
channels causes the downstream marglns to emerge flrst Slmrlar conclusions were
. '.reached by Gustavson (1974 working on a braided reac,h wuth fine gravel sedlments "He
. noted from fabrlc orlentatlon that flow diverged over the surfaces of both Iongltudlnal |
and pornt bars. He further suggested that the downstream marglns of Iongltudrnal bars
' grew wrth accretlon on avalanche slrp faces orientated transversely to the flow He
indicated that bars tended to be overlapplng Jobes rather than discrete sheets of-
sediment v o

Ashmore (1979) tdentlfred three processes by Wthh unit bar modlfrcatlon occurs;

‘ o 1) The mcrsmn ofa srngle channel mto the bar surface A narrow trough -

" is cut into the centre of the bar surface. The trough gradually wndens deepens and

'.captures mg';t of the flow.and results in abandonment of the flanks of the orlgrnal bar.

o " - 2) Lateral mrgratlon and avulsion.’ Where bars are asymmetrrcal to thet Ao

\‘ 4
. flow, and aggradmg lnto a'scour pool {the dlagonal bars of Smrth ND: 1974) the

. deflectlon of the: main current by the bar leads to scour against the OppOSlte bank. The

downstream extremrty of the bar tends to have the shallowest flow and as the channel



widens this area is abandoned At jow flow these bars are modified by dissection of the ,
avalanche face. Immednately downstream of the bar the secondary currents in the scour
pool move ‘material back towards the inside of the bend. This is dep05|ted as elther |
another asymmetrlcal bar or in the form of gently dipping sheets ‘with stepped fronts
facing the inside of the bend.

'3 Channel lelSlOl’l The shallowest portxons of a bar, if the bar becomes

the avalanche face and the development of new bar lobes usually wuth foresets
orientated obliquely to the channel and facung away from the nucleus.-
_Hein and’ Walker (1977) suggested that the rate of aggradat:on controlled the

downstream morphology and resultant internal structure of unit bars. Krigstrom ( 1962)

pomted out that the form of exnstmg channels was a domlnant control on bar form. .

Smith ND. (1974) recogmsed four types of unlt bars .

parallel to the flow

2) Transverse These have straight, . lobate or sinuous margrns and broad

surfaces that are elther flat or- have axlal depressnons The margins are enther steep

i

foresets or rlffles of low slope : ' S S ' R

3) Point bars These form in gently curving channels, and are commonly

‘separated from the inner convex bank by a smaller channel and have low surface slopes

,dlpplng towards the outer convex bank

4) Diagonal bars These are orientated obllquely to the flow and show a

trlangular cross- sectlon wuth the down—current margins consisting of rrffles or :

‘avalanche faces

n

Hem and Walker (1977) recognlsed similar morphologlcal features but suggested
that such bars should be classified in terms of- whether they had well defmed

downstream, foreset marglns If water and sediment dlscharges are high the lnrtxal o

>

‘dlffuse sheef lengthens downstream faster than it aggrades and no foresets develop.
This form is typlcal of longltudmal or diagonal bars. Under lower flow, sediment

. 'dlscharge rs lower, and vertlcal accretnon with a foreset margm takes place

q

) mactlve form a nucleus around which flow spllts This often results in the destructlon of '

.

( 1 Longitudinal. »These are approxlmately dramond shaped and elongated -
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Smith ND. (1974) , later supported by Biuck (1976, 1979), observed that unit

bars were the basic element of size segregation and tended to show the following

|

_trends.” ‘ -

S

1) The upstream portions of active unit bars were composed of

..sediment similar in size to adjacent channsls.

~ ' 2)Bar sediments fined downstream. . ST
3) Bar sediments showed a general fining-upwards trend.

.. Smith N.D.(197\4) argue‘d"that unit bars which evolve over several discharge
periods may show grain—size distributions y‘arying from the .slmple model above and that
where severe nwoclifioation by srosion, or new depositional patterns occurred, grain-size
trends would be highly variable. He stated that under such circumstaneés complex "braid
bars" develop |

Ore (1964) suggested that mdlv»dual unit bars form the nuclei for large scale

iongitudinal-bars, addltlons of sedlment occurrlng at the downstream ends mﬂwedge form.

Bluck (1979) outlined a sequence by which individual unit bars evolve into braid bars. He
stated that if.a unit bar reS|sts movement within the channel, then by the addmon of

sediments it may grow mto 3 medxal bar. If the bar continues to move downstream he

" suggested, it may dissipate over the next rn‘fl_e—pool complex, or may become attached

to one bank and become a-lateral bar. Bluck (1979) indicated that further individual bars

may become attached to euther of these bar forms in the creation of a "mosaic” bar.

) However he also suggested that lateral bars may grow by the continual addmon of unit -

bars Wthh amalgamate to form a larger unit with a uniform grain size decline from the

channel margm to the inner bank Y

"~ Ashmore (1979 ) outlined three examples of sequences of events which may lead

to braid baf formatnon . . ; =

1) Where deposmon oceurs around a small exposed nucleus as a result,

 of the mlgratlon of two channel of asymmetrnc cross section, (The channels lnltlally

scours.

diverge around the nucleus and rejoin downstream in an elongatved scour trough)

3

' Ashmore (1979} identified several related features;

el

- aA partlally infilled central trough oft_en showing waning-flow
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b) Evidence of a slight upstream migration of the channel
bifurcation, producing a aeaondary nucleus and a coarse Qenee‘r upstream of the or‘iginal
one. A
‘ S Convergent elements consisting of forrher‘cHannels‘in.filled by
‘sheet deposits. o o : /

' - d) Qverlapprng sheets produced'by lateral migration, particularly in .

" the downstream p.ort'ion‘ of the bar. ‘ .

. e) Bar lobes formed by the present active channels. He stated that
~the upstream half of such ‘complexes' tend to show remnar;r. bar Iobes while the
(‘downstream portion is apparently dominated by overlapping sheets. Mlgra‘uo? rﬁf this
\krnd involving only one channel, would produce a lateral bar of similar construction.

2) Where jateral mlgratron of a channel contalmng an asymmetrlc or
i dnagonal bar occurs, deposition ad;acen’t to the bar nucleus may produce an area
consisting of sheets and lobes. ,"G*‘& '
3) If a channel containing a bar is abandoned, due to upstream diversion
or avulsion, a complex bar r;ay result from depbsition-ip the former channel. |
RUst (1972) however7 préposéd an alternative h.y’pot'hesis\'of bar formation, at
variance w:th other work He stated that in the Donjek R:ver Yukon, bars were
essentially |mmobrle except under peak flow. He inferred, from a predommance of

- horizontal bedding, that»_gravel transportat:on occurs in planar _sheet_s under high energy
flow and suggested that the primary area of deposition is the ﬂafter upstream area of
the bar surfac’:eian\d hence bars rrwigrated upstream. - |
2.5.1 Structural and Dlrectlonal Propertles

Braid bars, both of medlal and lateral rorm tend to show a preferred orientation

_ parallel to the local flow drrectuon (Ore 1964, Rust 1872) . Both Rust (1972) and”

; Gustavson {1874) suggested that medial bars have a plan shape similar to a rhombord or
pomted ellipsoid. Rust. (1972) noted“‘tha't such bars were asymmetrlc both parallel and.
normal to the flow. Parallel to the flaw this asymmetry took the form of a gently slopmg
upstream surface whrch graded into the shallower water above the bar, and a steeper '

downstream slope which merged laterally into the staepér bankf of the adjacent channel.

4



‘Normal to the tlow, this asymmetry took the form of a ridge parallel to the bar axis,

usually nearer to one side. Krigstrom (1962) , Rust (1972) and Boothroyd and Ashley
(1975) noted the existence of eroswnal margins to bars, principally on the downstream

portions. Fabric and sedimentary structure orlentatnon have been shown to be similar to

‘Iocal channel dlrectlons (Rust 1972, Gustavson '1974) . However, both Gustavson (1974)

) and Biuck (1979) indicated that estlmated flow directions diverge over the bar surfaces

" The surface_\s of braid bars are widely.recognised to be complicated by minor
channels (Krigstrom' 1962, Ore 1964, Williams and Rust 1969, Rust 1972, Biuck 1974,
1979, Gustavson 1974, and Boothroyd and Ashley 1975} Ore (1964) , Williams and -

Rust (1969), and Gustavson (1974) argued that these are a post—depositional

_ modifications of the bar surfaces. Krngstrom (1962) and Bluck (1979) suggested that

o these modlflcatlons occur, during the emergence of the bar surfaces. Williams and Rust

(1969) noted that such dissection produced small "terraces parallel or sub-parallel to the

channel margm with a vertical interval of less than 30 cm. They suggested that the

. channels may be dlscordant or erosional, relatlve to each other Their extent may be

limited, the channels varlously grading out, either upstream or downstream, or coalescing. -

A number of minor structural features have also been recognised on bar surfaces.

‘1) Scour pits, ellipsoidal scours, and scour holes.

Gustavson (1974) recognised scour pits on bar surfaces. Thes’e are broadly
U-shaped, erosnonal depressions which open‘downstream Downstream of each pit is an’
elevated area of limited extent Pits range |n size from 05mto 3 m across at the base
They occur elther smgularly orin irregular groups. These features may be pOSSlb|y

equated with the scour hollows descrlbed by Williams and Rust (1969) which are of

short lateral extent and elhptncal in outline. They tend to be deeper than 30 cm and o

erosion. extends through several strata. Wulhams and Rust (1969) also recogmsed smaller

 scale features, ellipsoidal scours, which are elllptncal in outllne and are elongated parallel

. to the flow: The depressions become shallower downstream. Upstream from a

depression is a small sub— horlzontal bar.



2) Deltas. chute bars and sand wedges.
Bluck (1979) recognised two waning-flow, sand features.
a) Chute bars which occur at the downstream end of
semi— permanem channels in the bar head, and are also present in lateral minor channels
b) Deltas which build out laterally into minor ("inner”) channels from
~the bar surface. These may be similar to the sand wedges recognised by Rust (1972} .
N & - o 2
3) Transverse ribs and stone cells. ,
" These were recognised by McDonald and Banerjee (1971}, Gustavson {1874) and
Bluck (1979) and may be described as cobble or boulder ridges orientated tr;nsversely
.to the flow. The ribs are generally one to two clasts high and several clasts wide. The
‘|nter-r|b areas generally have finer gram snzes than the ribs themselves. Pebbles and o =
cobbles on the ridges are orientated transversely to the flow and tend to be imbricated,
dipping uostream. Gustavson {1974) and McDonaId and Banerjee (197 N four\d that
transverse ribs tend‘ to be located in the central portions of rirfle sections of channels.
McDonald and Banerjee (197 1) suggested that the rlbs constitute an equilibrium bedform ,
in the higher gradient riffle sections of gravelly alluvium. The antndune orlgm of
.transvel_:se I'Ib»S has been partially confirmed by flume mvestngatnon {Shaw and Kellerhals
1977, Koster 1978). Bluck {1979), however, found transverse ribs covering imbricate | e

discs.on bar surfaces. The orientation of the ribs varied from the underlying gravel and

thus he suggested that ribs are generated at lower flow stages than those causing bar -

emplacement. -

. 4) Lineated gravel.

*Rust (1972) and Bluck (1979) recogmsed lineated gravel on bar surfaces Rust

(1972f described thlS as compnsmg |rregular low, r:dges orientated parallel to the flow.
_He suggested that the ridges result from secondary transverse flow in tube hke vortlces
: ‘orlentated paraliel to the main flow direction. Bluck (1979) argued that the lineations
were produced at high stages in the lee of protr_udlng clasts and were modified at lower .

‘stages of flow. .



5) Beach ridges, levees and spits.

Rust (1972) recognised sand accumulations tormad at the margnns of bars in
areas protected from the main current. The rudge fc;rm at the breaking point of waves
generated by the primary current flow. Sxmuldr features, which he termed levees, were
recognised by Ashmore (1979) in a flume experiment. These leveas formed by
washover along channel ma:rgins. tf present in natural gravel streams, levees should

) occur in fine gravel Bluck (1979) recognised spits which he described as ‘

water —marginal features built across the mouths of abandoned channels. -

6) Ripples. and current crescents.

Rlpples have been recognised in sand on bar surfaces by many workers {(Williams
and Rust 1969, McDonald and Banerjee 1971, Gustavson 1974, Bluck 1979). Williams
and Rust (1969) noted-that they are preserved mainly in abandoned channels. Frequently
these rnpples are covered with silt drapes (Williams and Rust 19689, Gustavson 1974).
Current crescents have been recogmsed by Williams and Rust (1968) and McDonald and
Banerjee (197 1). They occur where |solated pebb|es fest ori sand, and comprlse a

crescentic hollow eroded around a pebble, dgepest at the upstream end A Iongltudlnal

ridge of material, dnmlnlshlng in helght downstream occurs to the lee of the pebble.
B LY
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2 5 2 Sedlment Size Patterns over Bratd bar Surfaces
» Sedl'me&r‘;:slze patterns over braid- bar surfaces have received little attention As
prevnously noted Smith, ND (1974) suggested that sediments of unit bars tend to fme
ownstream However he also noted that where they coalesce in mod|f|ed braid bars
t:\f*graun size pattérns are expected to be highly complex This contention was supported by
A ‘Bluck (1976) who noted many areas exhibiting rapld lateral changes in graln size. .
. - Ore (1964) suggested that coarse sedlment was concentrated at the upstream
end of medial bars, and fme sediment at the downstream end, with a sharp line of
- .demarcation separatmg the two zones A similar decline was- noted by Boothroyd and
u Ashley (1975) who found that the coarsest materlal was concentrated on the upstream
apex wuth a Iarge deorease in grain size down the bar, parallel to the figw dlrectlon
‘ They noted that sandy sllp -faces occurred in the dastal areas of the bars, and that the

©
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' and formed lateral mfnlls of mmor channels

areal extent of sand on bar surfaces incréased as the gravel grain size decréased -

o downstream '

: Bluck (1976, 1979) recognlsed a dlstmctlon between a coarse bar platform" and
the more. extensnvely exposed bar \sgpra platform overlymg it. He- dlstlngmshed
between sedlment slze patterns on coarse gralned mtermedlate gralned and sand brald

- bars ln coarse gramed sediments (largest gram snze > lOOmm) he recogmsed a coarse’
bar head of lmbrncate clasts flnlng downstream As prewously noted these |mbr|cate
clasts were overlam by transverse ribs wh|Ch Bluck {1979) suggested developed at a
Iower flow stage Bluck (1979) further found fine gravel sheets mfnllnng spaces between
large clasts Iocated at the margms of the bars He suggested that these were also
emplaced at low flow stage condltlons He also noted that the bar tail area was
topographlcally lower than the head and stated that the’ sedumentary patterns may record

excluslvely IOWer flow deposmon The coarsest materlal recorded by Bluck on the/bar

tall was located on the bar Iee face Sand sheets were found to overlne the bar lee face .

2N

. ( N
For mtermedlate gralned depQS|ts (25- 40 percent gravel maxnmum graln s12e

20 60 mm) Bluck. (1 879) found that, in comparlson to- bars in coarser matenal the bar

head deposﬁs dlffered only in that, transverse rnbs were absent However the bar tails .

were found to be more extenslve wnth sand sheets occupylng up to 80 percent of the ‘

bar surface and sometlmes mergmg lnto complex bar lee areas Bluck (1979) further -

desCrlbed a veneer of gravel overlymg sand, which he. suggested was not a lag deposn,"

but was emplaced on the sand surface durlng low flow stage

B4



C
i

/3. METHODS

~ r{ﬂ investigation

o~ ! ’ ' ” vy

Fleldwork was undertaken, on the: Beauty Creek flats, between June 2nd and
August 25th 1981 The ob)ectlve was 1o obtam data representatlve of varlatdlons in the®
surflcral sedlments over the reach in order 10 analyse the followmg : .

| 1:).. : a) Downstream varlatlons in gram size and sortlng
| b) Downstream varlataons ln partlcle shape

‘c) The influence of trlbutary mputs on the above )

2l) Sedlment size. varlatuons over small’ areas

A 3 2\Sampl|ng ’
A total of 103 gravel samples and 10 sand samples were taken from the Beauty
| E Creek flats anda supplementary gravel sample vyas obtalned from the actlve margin of
the Dladem Creek: alluvra| fan The sampling was stratlfled 57 cross=— reach transects _
belng dellmlted at 200 metre mtervals In each sub— reach the first transect was located = -
relatlve to-a known Iandmark (e g e apex of the Wooley Creek alluvual fan) subsequent
- transects belng located by paced |stances from this pomt in order 1o control errors
' "untroduced by this method the transects were perlodlcally relocated With reference to "
“other known Iandmarks A numb r.of devuatlons from this spacnng must be’ noted
“ - a) Proxlmal sub reach . ER « ’
‘ " The frrst four transects /were spaced at- 150 metre mtervals Thls spacmg was:
‘ ‘controlled by the avallabllrty of suutable samplmg SItE;S anda deswe to. sample the area
',‘Wlth a closer spacang due to the apparently rapld dlmlnutlon of gram snze in’ the proxnmal

by

zone. L C

- b) Drstal sub—reach o R g S o ‘_\ :' R |

l) The mltnal flve transects were. spaced at lrregular mtervals Thus

',samplmg scheme

NIEEE N
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A
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' i

\ i) Subsequent transects in the dlstal reach, were spaced at y1(90 m-

5.

) due to a consxstent measurement error, WhICh resulted from underestimation of the‘
length of an individual pace. ' '

A discontinuity oceurs in the spacing between the flrst and last transects of R |
adjacent reaches, as a separate origin was assngned to each sub reach FQr mstance the
.‘spacmg between: the last sample in the proxlmal sub- reach and the first sample in the .
lmed|al reach 1s approxnmately 70m. Whllst the method by which the transects were
o Iocated resulted |n‘an error m spaclng in the Iower reach the transects wnthm reaches a'}e

spaced regularly and the measwement error is known The, cumulatlve error of |
placement of the Iast sample has a maxnmum of 50 m, and is only 20 m at the Iast sample
(in the mnddle reach. B o S ' oy ".;‘-,
o For each transect a sample was taken adjacent to the miain channel and where
more ‘than, one channel occurred on the actlve gravel area at least one sample was taken ; i
adjacent to a mmor channel Downstream of the major trubutarles (Wooley Creek Beauty
Creek) three samples per transect were taken for. snx transects to examine lateral
'variations of sedlment propertles in the reach.” As most samples were taken at relattvely |
low flow, stages there were few access problems and the samples were wndely
' _-dxstrlbuted over the actlve gravel areas ' .

Individual sarnples were located on geomorphologlcal criteria, v??lth samples bemg o

taken preferentlaly at the head of-the exposed bar nearest to the dehmlted trani%

N

-Church and Kellerhals (1978) used a slmllar procedure Where such sample s:tés Were - :

‘ ‘not avallable samples were taken from a channel margln Whllst the hydraullc condltlons “

: causmg deposmon at bar head and channel margln Iocatlons are unllkely to be the same it

was felt that conslstency was mamtamed during the samphng by selectlng the coarsest
'gravel from W|th|n a ’general area At.each sample S|te 100 clasts were taken usmg a -
stratn‘led samplmg cheme. Flve two metre transects were placed randomly over the

: sample area usmg a metnc tape Clasts were then selected beneath each 10 centlmetre

Iast was located under more than one:10 cm marklng lt was not

SR
4
4
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Where possuble the sand samples werg obtalned from bar head locatlons A small
quantity of sand, appqommately 300-400 grams, was scooped from. the upper five cm.

" In a few cases there was no sand exposed in-the vicinity of the dellmlted transect and in’

such cases a grab sample was lobta_inedffromu,the bed of the Tiver at low stage.

”

3.3 Field Mapping A A
; Sediment suze patterns over deposmonal areas. were characterlsed by maps of
‘three representatlve locatlons selected from the proxumal medlal and dlstal reaches The
‘ map Iocatlons were chosen on- the followmg grounds
' \;’J ;' 1) Size. . The. areas mapped represent medlum sized. gravel bars with an
| aX|al length of 90- 160 m, whnch oould be mapped over a few days o '
2) Morphology Each area chosen had well defmed channel margins. The
areas were wholly exposed at low stage _ ‘
' A A0 metre square grld was establlshed over each area asa basis’ for mapplng A
. S|mllar grld was d.rawn on the mapplng sheet ata scale of 1:200 and features to be :
v deplcted were sketched relatlve to thls grid. Morphologlcal features such as: channel .
marglns mlnor banks and scours were mapped and the marglns of gravel sheets were
dellmlted Durlng the mappmg process a visual categorlzatlon of the varlous sedlment

/ .

grades was: made accordmg to the follownng scheme. The size classes represent a later .'
approxlmatlon lsee F|g 3 l) S C o L : TSR o

o T Sand (less than- *l 0 ‘phi) '
Lo * . Very fine gravel (-3.4 t0. ~3.8 phll

Fine gravel(-3.8 to —4.3 phi)

"Fine—-medium gravel (-4.3 to -4.7 phll
- Medium gravel (4.7 to - 5.02 phi .

Medium-coarse gravel {(-5.02 to ~5. 5 phu)

Coarse gravel (~5.5to =6.0 phi) -

,Very coarse gravel (greater than —6. 0 phl) R

, _ 'I‘ Gravel samples were also taken from the ma;or gravel sheets *’l’he samples _.
o collected comprlsed 50 clasts selected at 10 Centlmetre lntervals opa.a f:ve metre 3
transect Iocated wholly W|th|n a dellmlted gravel sheet The B aXlS of each clast was

measured using a ruler The number of. samples taken at each sub -reach were
Proximal sub- reach 22 L L o

S e “Medial sub—reach 40
DRI - Distal sub-reach 24

N



" 3.4 Sample Analysis =

3. 41 Sample Meas(.}fement ‘.

o Inltlal analysis of the gravel samples was undertaken in the field. The maJorlty of :
the samples were bagged and measured at a later date, although some of the coarser
: samples were measured /n situ. The long mtermedlate and short axes of each clast
were measured these belng mutually orthogonal However following Flemmmg (1965
_ they were not requured to lntersect The maJorlty of the samples were measured. usmg

' callpers to an accuracy of one mllllmetre A llmlted number of s’amples were measured

using-a- mllllmetre scale These were largely conflned to a few large clasts in the coarser

e samples and to the finer samples wher.e: the manlpulatlon of the callpers was dlfflcult

«\‘ <

The samples were measured by a numbel' -of operators although no attempt was made to .
‘assess dlfferences between operators .as the measurements wcarrled out
: predomlnantly by the author »

| The sand samples were analysed for graln 5|ze by snevmg 200 grams of each

’ '-:sample mechanlcally for twenty mlnutes through S|eves spaced at half phl lntervals from
.—4 0 phl to +4.0 ph| Addmonal sleves were added at 1.78 phl :2.25 phi and 2 75 phl
because of 'the large amounts of sand retained on the 2. O phi, 2 5 phi and 3.0 phi S|eves |
; Gram 51ze dlstrlbutlon curves of cumulatlve percentage wenght finer than a certam snze

o

f were plotted agalnst phi gram S|ze on probablllty graph paper A mean gram slze (lVll was :

. obtalned using the MacCammoﬁ l1962) measure

@5+ 815 + 0’25 +¢3$ +¢4-5 + §55 +¢SGS¥'+'¢7S ‘44585 ,+¢¢75'
. B o ‘ '

Wthh Folk (1966) showed had ah efﬂcuency of 97 percent as compared toa moment

» measure ln order to obtain a quantltatlve estlmate of the roundness of an lndlwdual clast
the mlnumum radlus of curvature on the prlncnpal plane was assessed by vnsual
comparlson agalnst a nomogram oomprlsmg a number of curves of known radn TlZiis %
method suggested by Callleux l1947) was used by Church (1970). The Cailleux '

S Vroundness measure |nvolved the calculatlon of a ratlo usmg the longest dlmen5|on of the L

<

Clast.



'v(/hlte to plnklsh red .

" As noted from the geologlcal descrlptlons of t %

occurrence.

'-.curvature on the prmcnpal plane and a hthology code

59

R= 2o /A

e

where;

A

-minimum radius of curvature on the prmcxpal plane
a axis length.

" ll

An alternatlve method of assessing roundness, as suggested by Krumbeln (1841),
is to. estimate roundness by v15ual comparlson against charts deplctlng clasts of dlfferent
roundness. However, as Griffiths (1967) notcfd, operator variance causes visual
techniques to be of low efficiency in terms of the replication of‘results

Individual clasts were classn‘ned in six broad llthologlc categorles

“ - 1 Quartzltei Demonstratmg a varlety of hues from yellow— brown to

»
R I

-2 Sandstone Relatlvely low ll’l frequency of occurrence this

'demonstrated a varlety of forms from well cemented quartzltlc sandstone to poorly

cemented fine gramed sandstone

3) leestone Predomlnantly fi @- gralned and grey or black in colour. '

iocale, a number of Ilmestone units are
present m the area.’ No. attempt was made to dlfferentlate clasts from different beds.

4) leestone/dolomlte leestone W|th substant|a| {>30% by surface .

'area) dolomite lncluslons or predomlnantly dolomlte The dolomlte was grey to cr’eamy

2

. .whlte in colour and occasnonally showed calcnte lncluslons

- 5) Conglomerate Pinkish—-red occasuonally green in colour ‘Well -

cemented W|th a graln size rangmg from coarse sand to smalt pebbles

6) Other, mcludlng calcite and shale These had a very low frequency of

o

3.4. 2 Data Analysns

Subsequent analysrs of the gravel sample data was accompllshed by the use of a

computer program orlglnally written by Church (1970) to analyse snmllar gravel samples -

from s‘andurs on Baffin Island. The orlgnnal program prlnted or calculated the foliowing

ltems from an lnput file contalnlng the three ax1s measurements the mmlmum radius of

Ceg)on ,I)The Callleux roundness lndex (R) for each clas :

P
i
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ii) An inverse of the Cailleux flatness index (F) clast

| F"ZC/A+B
-where; o : Nc;

length of longest axis N o .
length of intermediate axis
|

A
g
€ = length of shortest axis

wonn

iii) intercept sphericity (S) for each ‘clast..

o} 333

S - (Bc/A3

b) The first t‘hrough fourth moments of the distributions of A-axis,
B—axis, C—axis, roundness, flatness sphencuty o | |
. Ccl A tabulatlon of the sample dlStI"lbUtlon of the mtermedrate axis by
- whole phl classes. ‘ c , \
| d) A tabulatxon of the dlstrlbut:on of the parameters of roundness
‘ flatness and spheruc:ty N B ‘ . ’

e) A mean B-axis of a Sp6leIed number of the coarsest clasts E

o Yo = . f) A median B-axis clast size.

ca -g) The Trask (1952) sortmg coefficient

©

'h) A oalculat:on of the ngg (1935) shape for each clast and a comblned '

itabulatlon of ngg (1935) shape and I|tholog|c category.

/,

A number of smaH mod;flcatlons were made to the original program (Appendux

‘ B} An efror in the equatnon for skewness was corrected

. ’ 2) The foltownng equation for sphericity+(S) was 5ubst|tuted

0-333
5= (c*/hsB)"
Thls is the maximum pro;ectnon sphern‘cuty of Sneed and Folk (1958),- which they

suggested represents a go\d approxumatnon of SpherICIt%WIth respect to partlcle

setthng R R . B ;o F P - o
{ 3) The sampte dlstrlbutlon by size classes ~was altered from 8 -
l

-‘i

, 1054mm to 2 - 512mm in accordance W|th the observed part:cle s:zes in the current o

! :
I
I

H . . . . N . T I ’
. [ N . -~ [ - . LS .
. . S L ’ B S
! - . E : . e . . .
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Whllst Church (1970l argued that means directly obtained from the millimetre
.measures provided a good estimation of gravel particle suze it was observed that the

existence of a few large clasts in any sample might displace the calcu‘lated mean-graln

size towards the coarser grades. Thus an adaption of the original program was made

' {Appendix 2), in which the raw data were transformed to log, using the standard

conversion. T :
Loge D x 443
“where; .

D= Graln size measurement in mm ..
e = Base of natural logarlthms

Hence the moment measures obtalned from the rewrltten program represent
“phi-moment measures. This transformatlon was used mcorrectly by Church (1970) to
obtam a phi conversion of the calculated mllhmetre moment measures in the original
program. - In the current study the phn moment measures were converted to mm to
facilitate further analysis. ‘

A compar:son of the means calculated dlrectly from the raw data and those
calculated after the phi conversnon nndlcated that the means calculated by the former
methed were blased towards the coarser values. L

Wolman (1954) advocated the use of a graphlcal method for obtalnung the

moment measures in Wthh ph: gram size is. plotted against the cumulatnve percentage by

number of clasts in each phi graln size category A comparison of a small number of

" means obtained graphically andeby computatuon ‘of moments using the modlfned Church

(1970) program indicates little dlfference in the results (Appendix 3. Any vanance
between the two methods may be p05s1bly accounted for by the maccuracnes involved ln
graphlcal plottlng and the low prec«s:on of graphlcally derived moment measures (Folk
19661 |

“ The sample data were, therefore, analysed by the or:gmal program (Appendix ‘l)
to obtaln measures such as mean roundness, and by the adapted program (Appendnx 2) to-

obtaln moment measures for particle size. Each sample was 3 so subd,vnded into two
llthologlcal groups ‘ R o ' :

1) leestones and hmestone/dolomlte : .

o=

2) OuartZItes, sa_ndstones and,conglomerates.
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These sub—groups were also analysed to obtain measures for the separate lithological
categorles ' . ’
I the subsequent statlstncal analysls the followmg measures obtalned from the
two programs were used. I
' 1) Phi mean B—axis for the whole sample and the lithological - -
subduvusxons with conversnon into mm. | |
2) Phi standard deviation of the B-axi$ distribution.
3) Mean clast roundness
4) Mean clast flatness
B) Mean clast sphericity |
'6) The relatlve percentages of the two llthologlcal categorles
' '_ 7) The reiative percentages of the varlous Zlngg (1935) shape classes.
A number of alternatlve measures have been adopted to characterise partlcle size,
although in: f|eld studles the B axis has been the most commonly used (Fahnestock 1963
Smith N.D. 1974). Unrug (1957) and Boothroyd and Ashley (1975), however used the A

axis and the measure (A+B+C)/3 has been recommended by Mu1r (1969) Koster et a/.

- (1980), in a comparison of various measures, found’ that A, B, C, (A+C)/€! and (A+B+C)/3

were all subject to error in estimating clast nommal dlameter The magnltude of ‘the. error
is related to the degree of shape variation. They concluded that (ABC{3 was a super|0r
measure, but endorsed B as an acceptable predictor of nommal :%er although

- overestimating it when partlcle shapes were oblate or underest| dating it when particle
shapes were prolate As no paleochydraulic reconstructlon was ttempted in-this study
~the B ax1s was adopted as the measure of size in common with other field studies,

The use of the Zingg (1935) classification has been crltldlsed by Sneed and Folk

~ (1958). They stated that it is msufﬁcnently precnse for accurate qetermmatnon of particle
form and showed that the classnfncatlon poorly divided the field o\t varlatlon of natural
clast forms. They proposed a trlordlnate system wnth three main, forr\n categorles ,

'prolote elongate and compact each further divided mto sub— categor\es for example

very elongate compact prolate This method was. used by Bradley et al. (1972)

: 'However Church (1972) and Koster et a/. (1980) made use of the Zingg (1935) systeml

 This system was used in the present study, desplte the advantages of the Sneéd and Folk



>

© (1958) classi’fication, as the calculated class percentages were readily available from the

g Church {1870) program.

The statistical analyses outhned in Chapter Four were carried out using the
Statistlcal Package for the Social Scnencesl(Edltuon 9) available through the University of

Alberta computing system.

3.5 Map Construction '

A mean grain size in phi units was calculated for the sampl_e.s taken from the bar.
surfaces, after converting individual m_easu‘rements" into phi units. \A cOmparisony\‘of the.
visual size c.lassification and the calculated means was m’ade to check'the validity o\f' the
visual size classification (Fig 3. ‘I)’ Two features may be noted. v'

' ' 1) Approxxmately 10-12 percent of the samples were musclassmed
ccordlng to mean gram size. Of these only 5 percent were serxously m|sclasscf|ed ie. |
were assigned to an adjacent ‘coarser or finer category to that contannmg the meal/'\ gram

size. The other mnsclassxfEatLons occurred when the sample mean gram size indicated
that the sample was marglnal to the assigned category. No sample was misclassified by
more than one visual snze grade | o |

2) The breaks between the visual size classes, as mdlcated by the mean ‘
, gram sizes were very Lum:lar wuthm 0.1 phl for all three mapped areas. On the ba3|s of
the low percentage of m-sclassufred samples over the three mapped areas, it was
assumed that other visually classn‘led but unsampled areas were reliable.

On the maps {Figs 5. 1 5. 2 5.4}, each size category v6as assigned an individual

" grey tone. Two addenal tones were added for sand grade deposnts and for areas of
patchy fine gravel and sand. An lmportant feature of the maps is that the prime ob jective
in the original field ma|:pi'ng was the delimitation of individual Agr'avelv sheets ‘rather than
m‘orphologieal ‘mappinc. The gravel sheets often extend to the base' of mdlvndual gravel

lobes. Hence, there is F seemmg departure from conventlonal cartographlc pract:ce in

: that the scarp symbols are 'on the upslope side of the lines delimiting features.
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4, DOWVSTREAM VARIATIONS IN SEDIMENTS

4.1 Variations in Size

4.1.1 Initial Analysis

Mean grain size when plotted as a function'of distance (Fig 4.1), shows two
distinct trends over the studied reach, with a marked break occurring at the Diadem
Creek alluvial fan. Consequently, in the statistical analyses the proximal’medial and distal
sub— reaches and the interfan sub~reach were treated separately 1t should be noted that .
only the gravel samples and not the sand samples, were sub;ected to the statistical -
procedures, as the two sample types cannot be used.together in, for instance, analysns of
variance procedures. The means obtained from the sand samples appear on certain of

',thé graphical plots for the sake of. completenessf

4.1.1.1 Analysns of Varlance »

Whilst the graphical plot (an 4.1) clearly |nd|cates a highly sngmﬂcant change in
~grain size with distance, both up and downstream of Diadem Creek these changes were
_ tested for statlsncal vahdlty Three components of varlatron were defmed within the
- sample data. ¢
| 1) Within-sample variation. . | .

2) Withir.~transect variation. ‘ N
-3 Downstreant variation, between transects. ‘.The following nult .
; hypotheses were formutateez ‘ ' ‘ "
"a) Within—transect variance is significantly_greater than within—s‘ample
variance. If so some.factor, not defined, may be causing lateral variation-over
- the study reach. |
b) Variance within the transects is significantly greater‘ than variance
, downstream If so, there is no basis for seeking any relatlonshrp descrsblng
changes in partrcle size downstream q» )
These hypotheses were tested using a hlerarchlcal (nested) analysis of varnance Johnson'™

and Leone {1964) outlined a number of assumptlons that must be satisfied before the use
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of“’su"c‘hwa:‘rrllfodel. ‘ - | a 4]
e l) The expected value of each residual random variable is zero.

2) The residual random variab:%s are mutually independent.

3} The residual random variables all have the same standard deviation, an
assumption of homoscedascity .

4) The residual random varlables are normally distributed.

A}

Whilst the grain size data satisfy the first two conditions, as Church and Kellerhals
(1978 noted particle sn?e distributions frequently exhibit varlance proportional to the
mean. Thls tendency is strongly evident in the Sunwapta River data. Church and |
.Kellerhals (1978) suggested that if the data were transformed l09ar|thm|cally (base €)
constant variance would be achleved The transformed data were tested for
homogeneity. of variances using Bartlett s test This test indicated that for both the
defined reaches there is. a hlghly homogeneous set of data

Although the, orlgmal data is strOneg posmvely skewed, and the transformed data,
negatlvely skewed ho allowance for thls was made in the analysis, as skewness was not

regarded as beirig c.rmcal by Johnson and Leone (1964). °

The formal model for the component of variance may be expressed as;

DrU -‘D*’Ur'erl*erU ' ‘

‘D.CU = an 'nle!dual grain; ‘measurement -
mean size ‘of+all sampled tlasts.

' U,.-.‘.:ﬁ? eomponent of variance between”transects
Ve = component of variance within transects .
sz = component of varlance wlthm samples

Table 4. 1 shows the results of th‘e analyses Null hypothess (a)is accepted in
both cases as the wuthun transect varlance is s:gmflcantly greater than the varlance W|th|n
 the individual samples However nuIl hypothesns “tb) is rejected in both.cases, as the
variance between transect s sngnlfncantly greater than. the variance within a transect

Hence there exists'a basus for seekmg systematlc variation in graln size downstream .

4112Regress10n ‘ o .‘

e

The form of the graln size. varlatlon was tested using least squares regressnon

As prevmusly mentloned theoretlcal and field studles show that particle size ln relatlon ‘
»

to dlstance may be descrlbed by the following exponentlal equatlon <

- K . )

v

, : ' . §) it
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varxable - the data is homoscedastuc '

Both these assumptlons are satlsfled by the data sets- under consederatlon

Thns assumptlon is not completely satlsfred by the’data h quiestron for, as prevrously

squares regressuon ’ o,

C—a_ X

D = Do«e e R Equation 2
D =a characterlstlc partncle dlameter.'
‘x = distance downstream

90 = coefflcnent of size dxmlnutlon

A first order hnear regressnon was therefore calculated the relatron between the

two varlables takmg the form

s"_ Ln D-" JctBtE

- Equatior 8
Lw = base of natural logarithms Ve °_ .
- D = characteristic particle diameter - : *3 TR
~ 6p = coefficient of size diminution. _ ‘ e e
. X =distance" : K ' Ve S
B =constant (mtercept term) . o '
‘B =errors . ' S A

e : LN . . B . : . o
Mather (1976) outlin_ed the followingassumptions involved in the use of least

1

1) The mean of the error is-zero

2) The varlance of the error i$ constant at each level of the explanatory

»

i ‘ L
T S -
3) The explanatory varlable is non random ancC ns_ measured W|thout error

«-

LT g

noted some error was mtroduced |n dehmltmg the samphng transects However itis fett

that glven the known hmxted magnitude of thls error the use of regressuon techmques

snmnlar COhClUSIOh was reached by Church and L(ellerhals (1978)
that the observations are no‘; autocorrelated

that each sample ynelded a meanungful measurement of grarn size, variance in the data

R AN
¢

s vahd and that a full functuonal analysns (Mark and Church 1977) IS not necessary A

.

4) The values of E are mdependent of each other Thus igan assumptuon

Gnven that that there is. more than one sample on most transects and acceptmg

“

i sets is attrlbuted to- three sources. . - - i R S L S SRR 0 R T

T)The relatlonshlp wrth distance N }l .’ R e

2) Varlance about the relatronsh:p L L

& >

3) Wnthm transect varlance ThIS is. treated as the reSIdual varnance B ) r |



sedlment mto the study area upstream of Dladem Creek Thus it was proposed to test

70

Following ‘the analysis of Williams (1959) the following‘n‘u‘ll hypothesis was
formulated. o o | ' - &
Varlance abouv}the relatlonshlp is sugnlflcantly larger than the wnthm site
variance. If S0, the relatlonshlp between gram size and dlstance is not
| - adequately represented by the fur;ctlon lrtD = apx + B+ E - ,‘ ‘ \\ :
. The results of the analysns are shown in Table 4.2 In both cases the regress:ons s \Q
sare hlghly slgnn‘lcant However Table 4 2 shows that the devnatlons from the regressnon
‘of mean gram suze as a functlon of dlstance for the prommal medlal and dlstal /
,'sub reaches are also highly S|gn|flcant Thls is not the case for the régressiof of mean -
. v'graln size as a function of distance for the inter—fan sub- reach On the bas;j s of these
results it was conc?uded that some’ factor other than wvthm transect varlatlon was
fcausmg varlablllty in the data over the proxnmgl medlal and dlstal sub reaches A major

dlfference between the two regressed data sets is’ that there are multlple mputs}ﬁf

whether these: dlfferent sedlment sources contrlbute to the varlablllty in the data S

4, 3 AnalySIs of Covarlanceb 7
' Analysus of covariance is a technlque that comblnes the- features of anaIyS|s of
varlance and regressuc&i 1t aliows lnterval sCaled mdependent varlables {covariates) to be
,used in conjunctlon wnth categorlcal varlables (factors) The assumptlons of the
. technuque are sumllar to those of analysis of varlance and regressuon The purpése of - .
: jsuch a technlque |s to determlne whether a, factor mtroduces sugnlflcant“garlablllty lnto a

' relatlonshlp whlle oontrollmg for a covarlate by regresslon A one- way analysls of .

. 'covarlance W|th one covarlate rnay be expressed as follows

PR
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TABLE 4.2 ANALYSIS OF _VARIANCE OF SIZE- DISTANCE
- REGRESSION - o

S

Proximal, Medialband Dista3 Sub-reaches combihed

‘****l‘l***t*t##*,**ﬁ*ttt*t**##***‘t****#*t**?tt**t#‘it#t‘t

* Source  *. * Sums  *  Mean * R ok
* of * df * - of * . L* F - * Sig *
* Varjance * * Syuares * Square * . * *

l‘l*t**tt*tt*ﬁ*ttt\k*l&****#******t****t#t*****#*t*#*ti*i** :

* ' : * x o ok * *

* Regression* | v o17.37 o+ 17.37 *147.37 * 0.00 *

o * * C ok & » A

t*#*****t***t*t***‘##****t#i**#******#*t#*#t*#t*t**i***

. * Deviation ¥ = . %~ - o * "
C* from * 39 * 4.58 * 6.64 *-o.oo “*
* Regression* * . * wk
t#********#************t#*##**i **t**t#*t*t**;’**#*
* Between * Tk * %%" : x *
* : _ 4D+ 21.03 * 0J326 * 29.71 * 2o.oo~*
* *Transects * oox L * *

* Within * -:. * % *
* * 0.017 * =-==~ ¥ e *
* * *

s

Intér-fan sub-reach e

W,

‘#“t***#*****‘#***#****.‘ﬁl***#***‘*tt**##***t#‘*****# X

* Transects * * . : * . LA S *

****!t!tttt#ttt*t*#it#t#*t###*#tt*tt#*‘#t*e#t#‘#ttttt‘tt

‘#ﬁt‘t‘#tt.‘t**‘J&#t#t#*‘*#‘###‘#‘*#‘t%t#ttttt##“ttt#ttv E

* @ : - * * o > -k ’ * U

* Regression* . .1 * 10,904 * .0.904 * 20.98 % 0:00 *

* : * e * E *. R R 0 .

t*ty(*t*tt*tmt*ttt**ttt*tttt*tt**t;itw:ta:x*;:n*t*ikt}*' i

* Deviation * . LI LR * l  S o

* . from - * 5 0.215 *0.043 % 3.82 * >0.05 *

* Regrassion*: * * * *

*ttt*i‘*t*t#tt*t#*t*t*#tttt*ttt*tt#*tt#i#ttttt*ttt*tttt

* Between * oo e D *
ik B T 1.043 = o“f74_tg15.42”"ro.oo.*;

L within L L ) E * *, it .
: L f=_7, ..'0;079 * 0.011_t e L L T
* Transecf@’ : * . *. * * T e
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"

o Yijko= poeddp + BOXk= X)eEik - (Nie and Hull 1982)

dependefit variable - : , . - ‘
categorical factor o . L
Covariate - o ’
mean of the covariate
constant

regression cosefficient
error- &

Yik
)

Il {1 L TR LI [ A |

™ C)z w\ >

¥ ’ .
The samples were catagorlsed by posutlon in the proxnmal medlal or dlstal

sub— reaches This formed the factor, wuth three levels, in the analyS|s ‘Distance was the

covarlate - The followung null hypothesls was formulated o

"The sample posmon accordmg to sub reach introduces no sngnlflcant ,{W’u’

varlablllty into the sampled mean: gram snze over the study reach when the

' effects of dlstance _ é{ontroﬂed“u{:
b ,.

» ‘The results of the analysls are shown in. Table 4.3’ The nuII hypothesns was

re;ected at a sngnlflcance level of 95 percent Hence it ma,y be suggested that the

‘ separate inputs of sedlment from the two trlbutarles in the reach upstream of Dladem/ :

" Creek, also affect gram snze relatlonshlps ) T

4 1 1.4 Summary : '
B Two sources of varlablllty around the relatlonshlps between grain size and
'dlstance were lndlcated by the xmtlal statlstlcal analyses f
1) Varlablllty Wlthln lndrwdual sample transects across the reach

"2) Varlablllty lntroduced by trlbutary inputs: Thg;s most farked at the -

'Dladem Creek alluvial fan. However statlstlcal analys:s also suggests that the" other ' /

2 smaller trlbutarles have thelr effects

. - . . . I

' 41 2 Within- transect Varlablllty ‘ _ e
. . % -
Two possmle sources of w:thln transect varlablllty Were ldentvfled

41 2.1 Posmon of the Sample Across the Reach '

Bradfey et a/ (1972) suggested that mputs from trlbutarles and bedrock sources - |

-

’ are poorly mixed across a brauded out}wa‘sh HenCe relatlvely coarse or fme matenal may
A be.preferentlally located to one or other sude of the reach The samples were C|3$$|fled
durmg the |n|t|al sampllng accordlng to thelr posltlon on the transects = east or west

»




TABLE 4.3 ANALYSIS OF COVARIANGE OF SIZE-DISTANCE
RELATIONSHIPS - 2

/ ” !

“v v .
¢ i L B

Proximal, Mediél and’ Distal syb-

.

**1*‘*#*t#*****l."tt‘*t**i#*t“'*

-* Soukce - * . * Sums - * Mépnﬁgf U *

* “‘- of | * v‘df - of .. ! ‘"; . Sig *

* variance * - * _Squares * SQUBPQE ; v *
tﬁ*tttt‘ﬁ*#*.t*tttiﬁtﬁ*t“ttﬁ“*!‘{(t"“ ﬁ‘tvtttt*il#* " - -

“ét * ok * * * e ’ '
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Thus the mean gram snzes of the samples may-be separated into two groups accordmg to.

' thelr lateral position. Samples taken centrally along a transect are not included. The two

g\ oups form two "grand” samples representmg gram sizes to the west and east sides of -

’the active valley train. In order to eliminate distance effects.only those mean grain sizes:

ey "t

obtamed from the mediat sub— -reach were used as this was the only sub-reach in which
,«4

complete pairs of samples were obtamed

o

~To test for differences between the two grand samplég a-Student's T- test was

‘ ’performed The followmg null hypotheSIs was formulated

"There is no sngnlfncant dufference in the sampled mean gram sizes, classrfled

accordmg to their lateral posutlon in the studied reach.”

The sngnlflcance level was set at 85 percent _
. The results oﬁ tlw,u analysls are shown in Table 4.4. An lmportant assumptlon of
’ Students T-test is that the two samples should have approxmately equal varnances An-

F- te~st was performed on the variances of the two grand samples ThIS showed that the

variances were not slgmflcantly dlfferent at the 95 percent level. The results of this test:

showed no sugnlflcant dlfference between*'Wle two "grand” means and hence the null.

hypothesis was accepted. tr . ‘ ._ ' g - oo

/ N . ) NS

- 4.1.2. 2 Size of Adjacent Channel T A -

The samples were also classnfled accordmg to whether they had been taken

adjacent to a major or rgmor channel The assessment of channel size was based on their '

wrdth The same samples used in the prevnous analysis,. wrth the addmon of six samples
taken centrally in the reach, wejre thus reclassnfled into two grand" samples based on .

i—vrelatlve channel size. » S | - e : ke )

_ A T test ‘was performed on the two "grand" samples w1th the followmg nuil .
.v hypotheSIs bemg formulated , v | ' .

"There |s no’ sngmflcant dlfference in the sampled mean gram sizes classified
) accordlng to ad jacent channel s:ze 4

] _ ':Tlle slgmfl nce: level was set at'95 percent

,‘n' : Tg
the two grand” samples showed that they were not slgmflcantly dvfferent at the g5

- percent level. The results of the test show no. sugmhcant dlfference between the two

. Y
a

results of the analysls are shown in Table 4. 5 An F- test on the varnan(;es of ’

Nouitf

vl
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TABLE 4.5, TfTEST”@N"SAMPLE MEAN GRAIN SIZES CLASSIFIED
ACCORDING -T0! ADUACENT CHANNEL S1ZES -

} ¥
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"grand” means and hance the null hypothesis was accepted: v

The source of the significant varlability within individual transects is thus
undefined, according to the two above factors. As Church and Kellerhals (1978) noted a
‘ _nurnbe_r of factors may contribute to grain size variation at a site. Examples of these are
flows secondary and .t‘ltf?‘hsverse to the main channél flow and dlscontmuous movements®

of sediment, which may be random and not easily defined.. Local variation in-‘grain size is

examined in greater detail in Chapter Five.

P

4.1.3 Downstream \lariation about the Size-Distance Relationship .

4.1.3.1 Tributary Effiects

Trends in grcLin size over the reach are most markedly affected by the input of
coarse debrls at the Dladem Creek alluvial fan. Slmllar tributary effects have been noted
by Smith DG\(rgzll Church and Kellerhals (1978) nghton (1980, 1982) Shaw and |

: Kellerhals (in press). \I‘ e effects of this trlbutary may be summarised as follows

2) slope mcreases |mmed|ately downstream of the fan.
3) the fan acts as a Iocal base level causing an upstream veductlon in
| water surface .slope. _ " . , S ~
CIf a sungle regression of gram size as a functlon of dlstance had been calculated
for the cpmplete data set, thls trlbutary wouid have mtroduced varlablhty around the
: regressuon and would have been recognlsable asa local increase in the rate of overall
| dlmlnutlon of | graln size, as noted by Church and Kellerhals (1978) It may be conclu?ed
that where the sedlments contrlbufed by a trlbutary are coarser than Wam
channel a separate diminution curve for the trlbutary sedlments\ts superlmposed For the
' trlbutary under examlnatlon however |t ‘should be noted that the volume of sediment
'contrlbuted by the fan in part accentuates the difference in the sedlment size |
downstream as compared to upstream bﬁ’creatmg a backwater effect and reducmg
' ‘competence m the' |mmed|ate upstream reach. A sumular backwater effect occurs
. ‘upstream of the unnamed fan at the downstream end of the study reach (Fig 1 &)
Exammatnon of the slope profile (Fig. 1.4) sugg_ests that this backwater curve extends

upstre'am’ for ap‘proxlmately 1.6 km. In-both the distal and inter—fan sub-reaches the



Q.

oh the genera| relatnonshlp between gram size and distance: However, around the -

position of Beauty Creek the remduals are strongly posmve ullustratmg an mput of

78

reduced slopes have a similar effect- a reduction in competence with a corresponding
small size of bed sediment. This is most markedly shown in the inter-fan sub-reach
where there is a change both m gram size, from grave! (mean gram size approximately

30mm) to sand, and water surface slope around the headward limit of the backwater

: curve.

The analysis of covariance shows that the grain size varies between the.
sub-reaches upstrear‘n‘of Diadem Creek, after the effect of distance is controlled. in C e

order to demonstrate this variability the residuals from the regression of size as a

~ function of distance for the samples upstream of Diadem Creek, were plotted against

.-

. dnstance (Fsg 4 2). To remove scatter about the relatuonshlp introduced by

L x, .
wnthm transect variabilty, the resnduals were averaged ‘within each transect.

The effect of the two trlbutarles Wooley Creek and Beauty Creek, as

demonstrated by the plot of smoothed resnduals dnffers Wooley Creek ras little effect

*‘

coarser debrls here. The Iumlted. effect of Wooley Creek on grain-— srze?relatnonshlps is

supported by geomorphlc observation. The small alluvial fan constructed by this creek
inté the main reach is degraded and, consequently, there |s unlikely to be a significant
contribution of debris to the main channel Both Wooley Creek and Beauty Creek
mﬂuence the water surface. proflle it a sum‘n‘lar but less pronounced fashion to Diadem
Creek, with a flattening of the prof:le upstream and a steepenmg downstream. The

change in the water surface profile at Wooley Creek is unexpected given the limited " ,

. effect of the trnbutary on gram size, and may be a resndual effect from the earlier

o

aggradation of the alluvual fan or be"related to the lateral conflnement of the reach at this _

>

point.

4.1.3.2 Other Effects S
_ 2
The plot of the smoothed residuals from the reg: assion of snze as a function of

dlstance for the proximal, medlal and dlstal sub-reaches also demonstrates two other .
areas ‘where high restdual values occ‘%r DOWnstream of Beauty Creek the residuals
show a rapid change from positive to negative with dlstance This strongly suggests an

alternatuve relatnonshtp between grain size and d:stance than described by the regression,

Cha %
b2y .

-~
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and represents an increase in the rate of diminution. This change is also evident on the
semi~logarithmic plot of grain slze versus distance (Flg 4.1)

For the proximal sub— reach the residuals from the regression for the samples
located between 7560 m and 2000-m (from the head of the reach) are markedly negative,
indicating a finer grain size than predicted by the overall relationship. Fig 4.2 shows an
initial, rapid, decline in.grain size as expected from the theoretical exponential
relationship, but after 750 m there is no marked decline. Whilst this anomaly may result
from the limited humber of samples taken in the area, it was also observed qualitatively

during the field lnvestlgatlon : ..// '

.The rapid |nlt|al decline of gram size, followed by the relatively constant trend in
grain size shown by the samples taken from the proximal sub—reach, may be possrbly the
result of differential aggradatnbn and degradation. The proxumal sub reach, as previously
descrlbed {Chépter 1), comprises 2 smgle main channel for approxlmately 400 m, after

which Qraldlng commences with the main, braided course being confined to the western

- *edge of the'teach. The exnstenCe of a small terrace demarcatlng the eastern edge of 'the

active braided flats, and an east to west slope to the valley floor (Rice 1979):',%mdlcate

that the reach is undergou g limited degrada ion. The observed pattern of grain size

- change with drstance seems to be. the result of two factors;

1} The initial dechne in grain size may be related to a declme in

: competence with distance aIOng the single main channel, and, more particularly with the

commencement of braldlng This results in deposmon of relatively fine sedlments in the
upper portions of the braided reach.

" 2) The SUbsequent increase in ‘grain size further downsteam is possnbly

related’ to the reworkmg of coarser sediments, deposited durmg an earlier aggradational

vphase of the braided flats, by the currently degradlng stream B

lmmedlately downstream of Beauty Creek the lncreased rate of diminution may be

M-"}a fune‘non of a read Justment to the mput of coarse debrls and the sllghtly increased
! e

3

; competence ThlS all@ws only a smaller gram size to be transported and results |n a rapld

rate of S|ze c?lmmutuon around the break of water surface slope. ‘'The combmatlon of




yi

A

graln srze decline away from the tributary and the reduced competenre in the backwater

area may explain the rapid diminution of grain size through the distal 5 Ub reach.

An alternatlve hypothesis can be Proposed based on the work of Rana et al.

: (1973l They reduced Einstein's (1950} bedload formula to two parameters; dlrcharge

intensity of flow (mlsln’l‘) and bed materlal load concentration (ppm) to show that for a
constant bed ma\terlal load concentratnon a decrease in dlscharge intensity of flow
results in an lnc?ea“sed coefflolent of size diminution. In a highly slmpllstlc selnse
mtroducmg posslbly un‘tenable assumptlons a similar ef fect may be seen from the data
of Rice (1979 Assuming that the average conditions in the Sunwapta River are durectly
comparable to the theoretical situation, and allowing for changes in average'nwidth it may
be $een (Table 4.6) that the dlscharge intensity of flow decreases from the muddle to -

lower reaches It should be noted that Rice (18979) observed changes in mean depth

between adjacent reaches which further complicate a drrect compar|50n No allowance

‘for the changes in mean depth |s made here Assuman 7 constant bed materlal Ioad

RS

concentratlon and a slope with an exponentlal form it ld predlcted that the rate of grain

slze diminution would lncrease in the medlal sub~reach 45 compared to the proxtmal

_sub-reach and in the distal sub- reach as compared to the medial- sub—-reach The. latter

3

effect is observable from the semi— logarlthmrc plot of grain size as a fundtlon of

distance {Fig 4.3). N

41.4 Dlmmutlon Flates - T
From the regressrons of the form InD = apx + B + E present d pre\nously

dlmmutlon coeffnt:rents were obtalned for the proximal, medlal and distal and inter~fan -

portlons of the study reach. As s:gmflcant varuatlon occurs betwee/n the proxlmal mednal

»

and distal sub- reaches separate regressuons were obtauned for ﬁach sub reach. !‘

L Prevrous flume and ?ﬁeld studles (Kuenen 1956, Bradley 1970) have shown that rates of

j .
dlmlnutlon under c0ndltlons of attrltlon vary between MhOIOgles For Instance Ilmestones

ST 5

have been shown to be%consnderably less resrstant to abras:on than quartzrtes oF gramtes

Consequently the samples were divided into tw0 Irthologlcal categorles ltrrlestone and

quartzrtrc, and separate regressrons were run for each of the reaches and sub—reaches

As prevrously descrlbed the quartzltnc category comprlsed quartZItes, qgartzutlc *

Cx . 3

P2
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IABLE-&:S VARIATIDNS IN AVERAGE CHANNEL DISCHARGES
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|
- sandstones and quartzmc conglomerates All these lltholognes showed varying degrees
of metamorphism and were expected to abrade slmllarly under condmons of transport _
; ‘As shown in Appendnx 4 all the regressmns are highly sngmfrcant with hlgh R? values The
d dlmmutnon coeffrcuents obtalned from the regressmns are presented in Table 4.7, '
The dlmunutlon coeffrments are hlghest m the mter fan sub- reach>and lowest in
the proxnmal ‘sub- reach There is an lncrease in the rate of drmlnutlon between the
'proxrmal and medral sub reaches and moré markedly between the medlal and dlstal
e K ‘_ ~'-'sub reaches Some explanatnon of these changes in the dlmmutmn coeffrments has '™ |

-"already been presented The dlmrnutlon coefflcnents\\or the quartzltnc group of
: lrthologles are consnstently hngher thanthose demonstra*ted/by thelimestones throughout
_“ .‘ the data set however dlvuded Such dn‘ferences are anomalous as Xuevnous work .‘ « .
/ ‘;T‘(Kuenen 1956; Shaw and Kellerhals in press) has shown that quartzrtes have lower
L ,i"dlmmutlon coeffncnents than llmestones The conslstently hngher dlmlnutuon coeffrcnents
: g"for the Quartz:tlc lrthologncal group wene felt to: be a product of the grouplng of

quartzrtes sandstones and conglomerates Consequently separate suze dlstance

© aa.

- .‘;regresSIons were run on sub samples of the true quartzrte clasts: only The analysls was
hnndered by the Iow numbers generally Iess than 20 of the true quartznte clasts in the .
o 'samples In order to/ obtain a representatlve mean s1ze from each sample only those
qsamples wrth at: least 10 clasts were. used in the regressuon analy5|s Thrs produced a
S ‘Sample populatlon of 50 all: Iocated upstream of Dnadem Creek predomrnantly in the e
: medral and dlstal sub reaches Only five samples were: Iocated in the proxrmal

e

“:,-sub reach

Three regressrons of s:ze as a functlon of dlstance were calculated Table 4, 7
.‘ ows that for the two s:gnlflcant regressmns the dlmlnutron coefflments are Ilke hose =

- “ﬂobtarned ior the quartzmc llthologlcal grdup hrgher than those obtalned for the

S

e _"hmestones'

The statsstrc:al srgnrfrcance of the dlfference between the dumlnutlon coeffucuents

.,

f:or the ||mestones and the quartr\tlc Ilthologles and the Irmestones and the quartzntes

L -‘f:*were tested usmg a procedure outlmed by Klembaum and Kupper (1978) to see whether
the slopes of the respectlve regressmns were srgmflcantly non parallel The calculatlons'

and results of these tests are outltned m Appendlx 5 and show that m all cases there is
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no- basns for assumlng that the dlmlnutlon coefflclents are 5|gn|f|cantly dlfferent The

o |mp||cat|ons of this test are. that the dlfference |n~the dlmmutlon coeffncnents may be

completely accounted for by the varlabnllty in the data. Th|s may be a factor in other
studles but has been prewously unreported o ' o _ . " .
' The relatlve contrlbutlon of drfferentlal transport and attrltlon may be assessed by~
: d|rectly comparlng the coefﬂcnents obtamed from prevrous studles Shaw and Kellerhals
‘(m press) obtalned dlmlnutlon coeffucnents for the central reaches of’ the Athabasca

North Saskatchewan Red Deer and Bow- South Saskautchewan Rlvers On. geomOrphlc
grounds they argued that the central reabhes of these rivers in. Alberta are undergomg
- net degradat10n and hence suze dimihution should be explalned by attrltlon Attrltlon was
| leldBd int6 two components attrltnon in S/tu and attrntlon in transport Assummg that
rates of attrmon are snmllar ln both aggradmg and degradnng srtuatlons the proportlon of
.SlZG dlmlnutlon accounted for by dlfferentlal transport may be obtalned (Bradley etal.

' 1972) A dlrect comparuson between the Sunwapta River. and the others is justlflPd on
" the g,rounds that all the FIVeI'S rise in the same geologlc reglon Furthermore the
‘Sunwapta Rlver |s ama yor trlbutary of the Athabasca system '

However the assumptlon that rates of attrltnon in aggradmg and degradlng

:_.sutuatlons are slmular may be lncorrect Shaw and Kellerhals (ln press) noted that' attrltlon
: /n 54 tu was the predomlnant mechanlsmll causing snze dlmlnutlon due:to the length of tlme

clasts remaln emplaced in the bed In.an aggradmg sutuatlon the perlods when clasts are

""‘exposed to attrltlon m sn‘u may be reduced relatlve to tlme in transport as compared to"

U a degradlng rlver Unless the effectlveness of attrltlon in transport (lf there isa greater

EAN frequency of transport) compensates fer a probable reductlon in the amount of attrltnon

o whole in an aggradlng srtuatlon should be less than a degradlng one : ‘- coo R

, caused by /n s.'tu processes the amount of size reductlon accounted for by attrltlon as:a

s

The coeffncuents obtalned by Shaw and Kellerhals (in press) were averaged to

' p;ovude a coefflclent of dlmlnutlon for llmestones and quartzutes under degradmg

e »condltlons (Table 4 8) Table 4, 9 shows the results of the comparlson It would be

o expected that glven s:mllar densltles the proportlon of the dlmlnutlon coeffncuent

-attrlbutable to transport WOuld be sumllar for the llmestones and quartzvtes However |t

N :”may be seen that the proportlon of the dlmmutlon coeffucnents due o transport are

.tll'/-
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TABLE 4.9 COMPARISON OF T

&

' HE DIMINUTION COEFFICIENTS
FROM THE. SUNWAPTA RIVER AGAINST THE AVERAGE LOCAL

DIMINUTION CDEFFICIENTS OBTAINED BY SHAW AND
KELLERHALS- (IN-PRESS) '

>
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consistently higher for quartzites. Two possibilities 'ntay account for these differences:

First, there may'be an element of shape sorting Lane and Carlson (1954) noted that

dlfferences in shape outwelghed the effects of different density under conditions of

dif ferential transport. This possibility will be discussed in detall when varlatlons in shape
are examined. Secondly, there may be llthologloal dlfferences between the limestones

and quart2|tes of the Sunwapta River and those conisidered by Shaw and Kellerhals (in

*

‘press). L L ' o : .

The variation of the diminution coefficients for limestones betweﬁr‘ m;h*—reaches

seems to show that dif ferent rates of aggradatlon and degradation are et«t{"’w ‘l'ng in the

Sunwapta RlVSl’ The relatlvely small contrlbutnons of dlfferentual transport to the

- diminution coefflment in the proxnmal ‘and medial sub—reaches suggest that\the sediment

in transport 15 merely belng reworked and that the reaches are undergoing net

degradatlon Thls contentlon is supported by the existence of terraces in both the -

' proximal and medlal sub-reaches The higher rates of dlmlnutuon in the distal-and

inter—fan sub reaches suggest that these may still be aggradmg, with the dlstal sub-reach- N

rece:vmg sedlments from upstream and the |nter fan sub reach recelvmg sediment -

eroded,from the Diadem Creek alluwal fan and from Grlzzly Creek. However, there was.

limited evidence of. gravel transport in the inter—fan sub—reach and this high rate of

dimin‘ution may be a residual efufé_ect_f‘rom aperiod when the fan was"actiijgg_r,_a%di:ng, h
~ Further corn_parison may be made between the diminution coetficients obtained

from the Sunwapta River and those reported in‘other studies (Appendix 6). The -

' coeff:cnents calculated for the present study fall in a similar range to those estabhshed _

o for rivers known to be aggrading. Examples are the Columbia River, British Columbia

Fs

(Kellerhals in Shaw and Kellerhals, in press) and some alluvual fans, for example those
studued by Yatsu (1957l and Schlee (1957). The coeffucnents are ln many cases lower
than those found on rapldly aggradmg fans (Bllssenbach 1954), or fans thought to have
aggraded rapldly {Bluck, 1965) However, as- prevuously noted, the dlmlnutlon
coeff:cnents are 5|gn|f|cantly higher than those obtalned from rnvers known to be

degradlng (Bradley 1970, Shaw and Kellerhals in press) in comparlson to the dlmlnutuon

: coefflcrent reported by Nordseth (1973) for a braided reach on the River Glomma

Norway, the coefficients from the Sunwapta River are lower, a possble-reflect:on of a
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lower rate of aggradation or current degradation.

IS

4 2-Downstream Variations in Sortmg m

The plot of phi standard devnatlon as a function of d:stance shows, like the size
'data a dnscontmuuty at the Diadem Creek alluwal fan (Fig 4.4). On these and geomorphic - .
grounds two separate regressuons were applled to the data The results of the analysns |
are sthn in Table 4.10 and indicate two hlghly sngnlflcant.lmear trends. q

Knighton (1980) proposed that variations in sprting in'reaehes with multiple.

tributaries are best described by a cosine function of the following form; -

‘ —\/JC‘ : _ .
..0‘9; =% + Ve Cos (wx —p) Equation 9

Vo

phi standard dewatlon '
average condition about which fluctuations take place . -
amplitude of this variation about the mean value. '
coefficient, the sign of which determlnes the behav:our of the
amplitude downstream. A
TiA~ = period of oscillation. T = 3 142

P = phase: angle.

X = distance. | :

€ = base of natural Iogarlthms

Illlllll :

Knlghton (1980) argued that in the vicinity of a trlbutary mtroducmg coarse debrls
values of the sorting coefficient would increase, both immediately downstream and’

' upstream of the trlbutary The latter mcrease he stated would occur "as the effects of "
the tributary mﬂow mlgrate upstream” (nghton 1980, p61) } : '

This function is clearly mappropnate in the case of the Diadem Creek trlbutary
where the effect of the input of coarse sedlment'on sortmg results in a separate linear
vdecllne The residuals from the regressnon fitted to the data obtalned from the reach
above Dladem Creek were examined to see whether a.cosine functlon was apphcable
To remove the consnderable varlablllty in the data the res:duals were averaged wnthln each
. transect, and then piotted as a function of dlstance Exammatlon of thls graph (Fig 4.5)
mdncates no systematlc variation. |n the data, and the effects if any of the two tributaries
-are obscure, There is, however, evndence of an mmal rapld |mprovement in sorting over

the flrst kilometre of the vproxumal sub-—r_each. ftis suggested, on the evidence presented

alad\(e, that Knighton's (1880) a_lternative hypothesls‘ describing impreyeme,nts in sorting



' TABLE 4.10‘REGRES_SIDNS OF - PHI S.D. ON DISTANCE DOWNSTREAM
. ‘ ; .

)
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away trom tributanias as being sepacate exponential functions s more appr opiate than a
cosme function, there being no evidance ot & couing ralationship boing apphcable tor thy
reach of the Sunwapta Hiver
The graph of phn standard dﬂ;mhon against distance (Fig 4 4) shows consider able
withir - transect variabifity A similar analysis to that performed on the uize data was
undertaken, by identifying two possible causes for within -transect vanatuon position
across the reach: and the relative size of the adjacant channel  As with the size data the
analysis was performed only on replicate samples trom the maedial sub reach The
division of the data set was identical to that undertaken for the size data with a 1 test
being pertormed on two grand” samples
1) Positon across the reach

The fdllowmg null hypothesis was formulated,

"There is no significant difference in the values of ph standard deviation.

‘classified according to position across h’fhe reach’
Tne results of the analysis are shO\}vn in Table 4 11 An F-test on the variances of the
two grq@d samples’ showed that they were not significantly different at the 95 percent
level. The results of the T—test show that there 1s no significant dif ference between the
two gfand means and hence the null hypothesis was accepted

2) Size of adjacent channe!

The folioxvmg null hypothesis was formulated;

"There is no significant dif ference in the values of phi standard deviation

classified according to the size of the adjacent channel”
The results of the analysis are shown in Tablé 411 The F—te.st on the variances of the

two "grand’ samples indicated that they were not significantly dif ferent at the 95 percent

level. The T-test shows that there is no significant difference between the two grand

means and hence the null hypothesis was accepted.
As with the size data, no definite cause can be ascribed to the within—-transect

variabilty of the phi standard deviation values.
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4, 3 Downstream Vanatlons m Partucle Shape
Varlatlons in particle shape were analysed in terms of four parameters

° I

: roundness flatness spherlcnty and Zingg l1935l aX|al ratnos |
e
4.3.1 Clast Roundness ‘
in common W|th suze d:stance relatlonshlps trehds in roundness show a marked
break at the D|adem Creek alluwal fan wuth gravel |mmed|ately downstream of the fan
2 . )

' " bemg less round than the gravel Upstream A snmular effect was noted by Knlghton

. (1982) for the Rlver Noe Derbyshlre England Two separate lmear regress»ons were

v therefore, fltted to the data, although Krumbeln (1942) andtSPlumley (1948) noted that .

o

‘ downstream changes in roundness were best descrlbed by a relatuonshup thh two
separate terms Ml"S (1979) proposed that semi- logarlthmuc relationships provnded a

'better descrlptlon of downstream varlatnons |n roundness However such a relatlonshlp

.prowded less explanatlon of the varlabnhty in the data than a hnear regresslon upstream
5 of Dladem Creek and only a marglnal mcrease in the degree of explanatlon downstream

: .‘_of Dladem Creek Exammatron of the graph of roundness as a functlon of dustance (Flg

‘4 6) suggests that a relatlonshlp snmllar to those proposed by Krumbem (1942b) and. /‘f/'

s
/
’

Plumley t‘1948) ex:st in the Sunwapta Rwer upstream of the Diadem Creek fan there i
o bemg a rapld mcrease in: roundness over approxnmately the flrst kllometre followed by a

Q‘»'subsequent slower rate of lncrease downstream i = “ B -'/b
‘ Both regressuons were sugmflcant at the 95 percent level as shovwn in. Table 4. 12
i Gwen that the Dladem Creek trlbutary mtroduces debrls of lower roundness |n ‘

: comparlson to the gravel |n the |mmed|ate upstream reaches an analysns of covarlance »

was performed to see whether roundness varnes between the sub reaches upstream ‘of -

the Dladem Creek fan after allow:ng for dlstance effects The analyS|s was sumllar to

o that performed in sectnon a. 1 and the rlesults are shown in Table 4 13 ,.

Q After controllmg for dlstance there IS slgnlflcant varlablllty ln roundness between
“the respectlve reaches The form of thls varuatlon was examlned by plottmg the reslduals
‘ vfrom the regressnon of sample lroundness averaged thhun—transects agalnst drstance lFug
‘ 4. 7) The plot of the smoothed res1duals shows the lnltlal rapld mcrease ‘as bemg separate

: from the later general trend agaln strongly suggestlng that downstream varlatlons in

o

L
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TABLE 4 13 ANALYSIS OF - COVARIANCE OF ROUNDNESS-
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roundness are best described by two separate terms.,,

The plot of the residuals also demonstrates an mltlal ncrease in roundness
l ‘lstrongly positive residuais) in the distal reach separate from the general trend between
distance and roundness. Subsequently in the downstream portlons of the distal reach
“there is a rapnd decrease in roundness. No partlcular cause can be ascrlbed to this
variation al'though it is possibly related to the llthologncal compopmon of the samplesf
There was no |nd|catlon from elther the plot of the smoothed residuals or from the raw
data that the trlbutarues were mtroducmg clasts of markedly dlfferent roundness A

: Prevnous workers {Kuenen 1956, Sneed and Folk 1958 and others)»have noted
that Ilthology |s an |mportant factor controllmg roundness. As values of roundness for
both the llmestone and quartzutlc components of the samples were avallable a paired
T-test was carried out comparlng the "grand“ mean of the llmestone roundness values
and the * grand" mean of the quartzitic roundness values for each sample ‘The followung
“nult hypothems was formulated

G' "There is no s1gmf|cant difference between the grand mean roundness for

Ilmestone and quartmtes v F
“The sngnlflcance Ievel was set at 95 percent. ,
_ The results of the analysns are shown |n\‘>eble 4. '1 4, indicating that the grand mean .

of the roundness values of the limestone is slgmfucantly greater than the ssmular values

- for the quartzmc component Hence the null hypothesxs was re Jected

The hlgher values of roundness for the lumestones as compared to the quartzmc
component of the samples is related to the behavuour of the particles under- abrasmn the
llmestones belng less resnstant and* thus sub Ject to greater wear True quartzrtes are
.more reS|stant but are prone to fradturmg and coarse graxned sandstones and
onglomerates dlslntegrate granularly, consequently leadmg to more angular partlcles
: Krumbem (1942bl and Kuenen (1956) suggested that slze may be an |mportant
' imfluence on roundness,’ wnth Iarger pebbles attalmng hngher values of roundness more
. rapndly Krumbenn (1942b) howéver stated that roundness— distance relatlonshups may be
related to dlfferentlal transport wnth smaller rounder pebbles bemg transported more
'raptdly Krumbeln (1942bl also suggested that sphencuty was an |mportant control on

'roundness as asymptotlc values of roundness were approached Grven that a number of



TABLE 4.14 RESULTS OF THE" T~ TEST ON"QUARTZITIC
& VERSUS LIMESTONE ROUNDNESS
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variables have been shown (distance, lithology) or sUgges;ted (size, sphericity) to affect
‘roundness, a multiple regression was carried out with roundness as the dependent’
variable and distance, size,A sample percentage limestone and spherioity as the
independent variables.

‘Mark and Church (1‘9l77) pointed out that the use'of regression analysis may be
invalid in a situatlon where there is experimental error in the determination of the |
mdependent varlables The use of regression analysns is approprlate in previous SBCTIOHS-
as it was assumed that the explanatory varlable dlstance was’ measured without error.

"The incorpora’tion of such variables as size into the analysis violates the assumptlon that
the mdependent varlables are error- free Thus, in this case a functional analysis would
be more appllcable However as no direct comparison is being made between existing
theoretical relatlonshlps and the relatuonshlps-determmed by the Iegresslons, aregression |
analysis was used |n the present analysis. It must be noted, however that the A
relatlonshlps described are only apprommate with"a strong possublllty that the slopes of
the relatlonshlps may be dlfferent from those given by funct»onal analysls
* - Mather (1976) outllned an assumptlon pertamlng to mUltlple regressnon analyS|s in
addmon to those noted i ction 4.1; ' '
v ‘ The explanatory varuables are not perfectly hnearly related
It has been preV|0usly shown that size and distance show a strong “relatvonshlp Whilst.
the above assumptlon is not vnolated the effect of one of. these varlables may be |
partnally masked in multlple regressnon analysis. ‘
Table 4.15 shows the results of. the analysls The data set was divided at Dladem h |
Creek as in prevnous analyses The negatlve partial correlatuons between size and . \\___
roundness mducate that size controls the development of roundness over and above the
relatlonshup between size and dnstance |t is suggested that dlstance did not enter the
| relationships due toitshlgh correlation. wuthsme and thus much of the suze—roundness
relationship is accounted for by distance of travel. However size contrlbutes some
additional e,xplanatlon and it is possible, as suggested by Krumbeln (1942b) that some -
form of preferentlal transport of round. small clasts is taking place. - Church (1970) |
) however pomted out that the r0undness measure as used had certaln dlsadvantages in.
that art;fncually low roundness may be ascrlbed to large clasts if they possess small, but

. -
L
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. 4.3. 2 Clast Flatness

flatness away from the Wooley or Beauty Creek. tributaries.

104

relatively insignificant protrubarances The size—roundness relationship may, therefore,

reflect this effect. The partlal correlatlon between the percentage of iimestone in a

sample and roundness, for the data upstream of Diadem Creek is to be expected glven

the significantly higher roundness of the limestones as compared to the quartzitic

component of the samples. o o ‘ N

The measure of clast flatness was plotted as a function of distance (Flg 4. 8) As
with the measures of size and roundness a break occurs in the trend of the data at'the
Diadem Creek alluvnal *fan and two regressions were fitted to the data. Table 4. 16 shows
that only the regressuon through the data downstream of the Dladem Creek fan is |
significant. Examination of Flgure 4.8 indicates that there are ho sagmflcant trends in
A palred T-test, similar to the T-test used on the roundness measures was

performed to assess the influence of lithology on.flatness. The following null hypothesis

~ was formulated;

"There is no significant dif ference between the grand means of the values of
limestone flatness and and the values of flatness fqr the quartzitic component

of the samples.”.

“The sugnrfrcance jevel was set at 95 percent As may-be seen from Table 4.17, the

-

‘ quartzmc component is sngnlflcantly Iess flat (lower values of the measure mducatlng

flatter clasts) than the lrmestones The null hypothesls was therefore re)ected It is

‘suggested that the significant: dlfference in flatness isa funct|on of’ the ornglnal structure '

- of the respectlve llthologues the limestones bemg flatter due to breakage along the

beddmg planes prior to and during fluvnal transport The quartzutes however are more
prone to breakage across their granular structure whilst the quartzitic sandstones and
conglomerates tend to break around their granular structure.

The flatness measure, as proposed hasda hlgh degree of sumllarlty to Krumbein's -

(1941) intercept spherncnty Both Sneed and Folk (1958) and Koster (1977) noted
: complex relatlonshlps between shape and SIze Given that dlstance Irthology and possmly

: |
" size affect flatness a multlple regressnon was calculated with flatness as the dependent

a



TABLE 4.15 RESULTS dF.MULTIPLE REGRESSIONS ON ROUNDNESS
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TABLE 4.17 RESULTS OF THE T-TEST ON QUARTZITIC
" VERSUS LIMESTONE FLATNESS
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a

, l varlable and size; dlstance and percentage llmestone as the mdependent varuables (Table

; :"‘418) _A . . L IR /
o The results mdlcate that relalmonshnps between flatness and the other varlables m

the rlyer °upostream of Diadem Creek are weak and of. marglnal sngmﬂcance The
o \relatlonshlp downstream of Dladem Creek is strong This may elther result from the
short dlstance shape sortlng of materlal away from the: alluwal fan or from the alteratlon

of materlal due to abrasnon ThlS is not apparent m the river upstream of DlaQem Creek RS

as there are no adjacent, large sources of material. :

. 4 3. 3 Clast Sphenctty » _
’ The measure of clast spherncnty was plotted as a functlon of dlstance (Flg 4 9) As '
wuth the closely related measure°of flatness a break m the trend m the data occurred at

: >
the Dladem Creek alluvnal fan and two separate regressnons were fltted to the data (Table

94 19).. As wuth the measure of flatness only the regre55|0n below the Dsadem Creek
X '.-b-'tnbutary was slgmflcant Examlnatlon of Flg 4. 9 mducates that there are no slgmfrcant
' itrehds in spherlcny away from the Wooley or Beauty Creek trlbutarnes e u .
we A palred T= test was performed to assess the mfluence of Ilthology on spher:crty
a ,_The followvng null hypothesas was formulated j : f e ? @ SO
- "There lS no s;gnlflcant dlfferen@e between the grand mean of the values ofB S
llmes’tone spherlcnty and the values of spherlcuty for the quartzmc component o
: ‘. of the samples B A ' ‘ _ v
: The sngmflcance Ievel was set at 95 percent As may be seen: from Table 4 20 the
- kiquartzmc component |s slgnlflcantly more- spherlcal than the lrmestones and the nuIl
_jhypothesns was rejected lt is suggested that llke th‘e dlfference in flatness thls is af_.‘_ P
vivvreflectlon of the |nherent propertues of the respectu\/e Ilthologles . » ;
‘ Sneed and Folk (1958) noted a complex relatlonshlp between the measure of RERT
Ly R clast spherucnty used here and srze in the Colorado Rlver Texas leen that dlstance
= 'l"llthology and possnbly s:ze affect spherlmty a multlple regressnon was performed w:th
: ‘%flatness as the dependent varlable and suze drstance and percentage llmestone as the |

“ ?‘_sndependent varuables (T abla4 2 1)
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absence of such a source in the other sub reaches

115

- A - .
The relationship between size and'spheriCity is weak in the Combined proximal,

medlal and. dlstal sub- reaches as compared to the relatnonshlp downstream from the

| ,Dladem Creek fan. This could be related to the exlstence of a wider range of sizes in the

upstream area of the study reach, W|th as noted by Sneed and Folk (1958), the larger

clasts becomlng less spherlcal downstream and the smaller clasts becomlng more

-'spherlcal downstream ln contrast the clasts downstream of Dladem Creek may all

behave similarly in terms of spherlmty development downstream as they fall withina

' .narrower range of sizes. However, it is more probable, as wath the measure of flatness.

that the dlfference in the strength of the two trends represents the effect of

»

' dlfferentlal sortlng or abrasmn close to a large source in the inter—fan sub -reach and the

| 4. 3 4 ngg Axial ﬁatlos

The percentage of clasts in the respectl\le ngg (1935) shape classes for each

. sample were regressed agalnst dustance As wuth the other measures of clast

morphology two regresslons were fltted to the data the data set being dlvuded at the

Dladem Creek alluvnal fan (Table 4:22). Exammat:on of the graphs of Zingg (1935)

. icategory lpercentl (Figs 4 10 a ie_dLagalnst dxstance lndlcates that although general
relatlonshlps in the reach upstream of Dladem Creek are not sngnlflcant the shapes may K

: vary, with dnstance-wuthln mdyvndual sub—reaches‘ Further regresslons were, therefore,

o

‘ "calculated for each Sub reach lTable 422) The results lndlCTte that there are no

' consustent relatlonshlps between Zlngg {1935) shape and distanace. Relatlonshlps |n the

prox:mal and dlstal sub reaches are weak the strongest relatuonshlp occurrlng in the

: mter fan sub reach

S

The effect of llthology was assessed usmg a palred T- test after separatlng the ,

- samples into llmestone and’ quartzmc components Null hypotheses of t €. followmg

"form were. formulated for each of the respectlve comparlsons

"There |s no sngmflcant dlfference in the grand mean percentage of l‘

| certam ngg (1935) shape class) between the llmestone and quartzmc |

l
components of the samples

L
L s
|

: Thelslgnlfncance level was set at 95 percent As may be seen from Table 4. 23 only in
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TABLE 4.22 REGRESSIONS OF ZINGG SHAPE CLASSES ON
.DISTANCE DOWNSTREAM

"

I

i#i*t****t**‘ttttt***ﬁ%ft#*#**it!i#%#*t#*t**ttt*‘t**t**t**
* * * * L R *
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* Proximal * Blades * N.S. * * * *
*# 'Medial * Rollers.* N.S. * * * *
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_TABLE 4.23 RESULTS OF THE T-TESTS ON THE GRAND MEAN
PERCENTAGE OF ZINGG CLAST SHAPES FOR LIMESTONES L
AND THE QUARTZITIC COMPONENT OF EACH SAMPLE.

Lot . ' .
***‘******t*****#&**#****i“"**ttt*i***ti*t*it#**t***tﬁt****#**t**‘t

le

R * No. * * - . * - - * * 1 ..
* . %" of *Mean * S.E IDIff * S.E.*Corr*Propt T * DF* SIG *
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o Ré]lérsi * s . * - " : * * C* o« * * L *
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* ' * 103 *34.40*1ﬁ294*‘ . *x * * LA
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o T 103 *35 40:1 212‘ N * * * * * * *
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##*t#**#**t#t#*#*t*tttttt*ttt*-o 903*1 320*@ 13*0 07: O 68#102t0 496+
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the case of blades was there a significant difference in the gran'd mean percentages;
there being a greater mean percentage of limestone blades as compared to the quartzitic -
blades: In. all other cases the null hypothesis was accepted. ’

. Given that size was an important influence controlling flatness and sphericity,
multiple. regressions were fitted to the data with percentage clasts in the reSpectlve.
 Zingg (1935) classes as dependent variables and dlstance size and percentage limestone
as the mdependent variables. The results of these analyses are shown in Table 4.24.
-Outsrde of the inter— fan sub- reach, relationships are generally weak and of low
significance, Wwith R? values of less than 0.30 lndlcatlng that the fitted relationships poorly

' explai’n the variation in the data. There is little consistency in the relationships between

the Zlngg (19'35)vclasses,'ydistance, size and-lithology.

4. 3 5 Discussion v

With the exceptlon of the inter—fan sub- re\ach there seems to be llttle sngnlflcant '
. variation in clast morphology Whllst there is & possnblllty that distance—clast form |
'relatlonshlps are obscured by. compllcated size~ clast form relatlonshlps as noted by
Sheed and Folk (1958) and Koster (1977) it is suggested that shape sortlng is not a
S|gn|f|cant mechanlsm in the reach upstream of Diadem Creek. However away from the
Diadem Creek trlbutary roundness, sphericity, and the percentage of roliers lncrease
w;th sxze and flatness decreases with size. As size and distance are strongly correlated
“much of . the varlatlon attrlbuted to size may actual represent a shape -distance
relatlonshlp The percentage of spheres mcreases and the percentage of discs
decreases with dlstance Whilst the mcrease in roundness indicates that some form of
. abrasron 1S occurrlng it is suggested that there is preferentlal transport of rOunder more'
spherical or roller—hke cl‘a_sts._ These' conclusnons differ from those of Unru{g (1957) and " v
Bradiey et a/. (1872) who found that spheres and rollers were the least mobile partlcle
shapes However Koster (1977) suggested that where clast size— depth ratios’ were high,
.as in bralded rlvers prolate froller) forms were more rapidly transported and hence
dlfferentlally sorted. ’

The lack of distinct trends in shape sortlng in the study reach upstream of Diadem

_ 'Creek strongly suggests that shape sorting does not account for the hlgher rates of size
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TABLE 4.24 RESULTS OF MULTIPLE.REGRESSIONS ON THE PERCENTAGE‘CLASTS
IN EACH ZINGG SHAPE CLASS

*i***#**tt#*t***‘#*10'*1il*ﬁ#“'*‘l‘l**"*#t‘#***itll“*#t#‘i****ttt"l‘

* * -k * * *
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* ‘ L . * . L * - * .
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* Proximal * Blades * N.S5..* * *

* Medial * Rollers * 0.464 #0.216 * 0,00 * %Lim
* Distal. -* C .o * # . * Size
* .* Spheres * 0.276 * 0.076 * 0.009 * ¥%Lim
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* * * * . xS S %
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* * . * L *, ¢ =
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dirninution for the quartzitic component as compared to“the limestones, although the
quartzitic lithologies were markedly less flat and more ’spherical: Two possibilities may
account for the high rates of diminution of the quartzites and the combined quartzitic
lithologies. It is possible that the quartzites and quartzitic Iithologies‘ are subjected to
higher rates of attrition, than those found in other studies, as a result of fracturing
Although greater resistance’ to wear has been reported for quartiites in flume studies
{Kuenen 1956, Bradiey 1970), the low roundness values noted in the present study seem
to support this hy‘l’pothesis. The higher diminution coefficients also may result from the
input of a"relativew coarse quartzite population into the main reach from the tributaries.
“ If such debris forms a lag, a high diminution coefficient for the quartzites would be
derived for individual sub- reaches ‘

The following T—test was devised to test this hypothesus The four,upstream and
downstream transects in each sub-reach were placed into two separate groups and the
dlfferences between the mean b-axis for the quartzitic and the limestone component of
each sample was obtained. The mean of. the dif»ferences for the upstream group was
compared to a similar mean for the downstream group. The follof/oving null hypothesis

was formulated. , | A |
"There is no significant dif ference between th’e L‘mean of the differences
‘ between the b—axis’ snze of the quartzitic and limestone components of'a
sample upstream as compared to downstream in an individual sub-reach’”
The sogmflcance level was set at 95 percent.

Table 4, 25 shows the results of the analysus ln the case of the proximal and
distal sub-reaches, the Fl test on the sample vagances showed that the variances were
sugmflcantly daﬁferent at the 95 percent level and hence an approx1matron to the T-test
was calculated using separate variance estimates (Nie et a/. 1975). The nuII hypothesis
was accepted in all cases except for the distal sub— reach. Thus the' hngher dxmmutlon
cog\afflments for the quartzmc lithologies, with the possnble exceptnon of the distal |
~ sub- reach cannot be attrlbuted to the lnput of a coarse quartzmc Iag at each of the
. trlbutarles This is supported by a cursory comparison of the means of the differences

for the downstream transects of the. proxnmal sub reach wuth the upstream transects of -

- the medial sub—reach and a similar comparlson between the medial and dlstal '
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'sub reaches The mean values in both cases are very slmllar |f a coarse quartzutnc Iag e

0

was belng mtroduped there should be a sngmflcant dlfference Whilst the T- test used |
: for the proxrmal sub-reach was not sngnlfvcant the large mean dnfference value at the
.' ‘,upstream end of the sub reach suggests that a coarse quartzrtlc component was bemg.‘ ‘

"mtroduced ‘and Iag deposmon Jof thls component may partlally account for the hngher 5 ’

s,w- :
g

’ _"dnmlnutuon coefﬂcuents in the prommal sub reach



W

5. ’SURFICIAL‘SEDlMENT VARIATIONS ON COMPLEX 'B‘RAID BARS

v 51 Bar Locatlon

\

Three braid bars were selected as bemg representatlve of gravel deposutnonal

-

forms m the prommal medlal and dlstal sub reaches The proxlmal sub reach braid bar ’
| (Flg 5 l) was located adjacent to the main channgl- approxnmately 500 m from the ‘point of

‘emergence of the Sunwapta River onto the Beauty Creek flats. The mam channel flowed :

to the west of the: brald bar wnth the east bank of the bar belng defmed by a mmor

. “.channel system (see mset F|g 5 1) The downstream Ilmlts of the bar were poorly deflned

5

- 'by a small- ch.annel Downstream of the bar ‘was a large deposmonal area the bar |tself
belng the upstream expressnon of.an: extenswe gravel flat The development of the bar S :
Sy was not observed and it remamed Iargely stable ‘throughout the perlod of mapplng WIth

"only minor eroswn occurrlng along portlons of the west bank Subsequent to the, perlod

‘o

of mapping tne maun channel shlfted laterally westward wuth |n channel deposmon h

v ‘occurrung along the base of the west bank of 'the bar. v
‘ The medlal sub reach brand bar (Flgs 5. 2 and 5 3) was a small medlal form sutuated &

"m a secondary channel system, approxlmately 1200 m downstream of the Wooley Creek

alluvnal fan The secondary channel system Was observed to- develop |nxt|ally through the

- ’:»re occupato of former channels W|th only Ilmlted mod:flcatlon by erosmn and
' 'deposmon -H wever |t is suggested that the bar was formed durlng thls Te- occupatlon
‘_Mapplng was accomplnshed durrng a perlod of dlmlnlshed dlscharge in the channel |
b system llttle alteraflon occurred over a perlod of four days However as a result of
- ~‘ 'greatly mcreased dlscharge |n the system extensuve modlf:catlon of the braud bar and lts
envnrons took place after the mapplng was completed and only small remnants of the bar

: were dlscernlble seven days later

The gravel areas mapped (Flg 5 2) represent a complex Juxtaposmon of both

- Terosnonal and deposltlonal features The brald bar Iocated centrally on the map and a
pomt bar form located sllghtly downstream at A, are both largely deposxt:onal forms
,‘;‘The surr0und|ng areas are mamly remnants of former partly stabllsed gravel flats For N
mstance the partlally vegetated smuous gravel area to the east of the brald bar area B

- was deflned by two parallel mlnor channels at dlfferent elevatlons and was undergolng

/
7

o .

v
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. bar is apparently umque However the three bars do have.a number of features in’

» -,5 2 1. 1 Type A channels

- /_» oo R o r

e ‘_ 128

- erosion durlng the perlod of observatlon

The distal sub—reach braid bar (Fig 5 4) was a medial form orlentated transversely g

to the reach but obhquely to the flow in the main channel ‘The bar was flanked on its

south side by the main channel and to its north side by a minor channel The downstream
| margm was dellmlted by a small channel of hmlted sngmfncance and the bar therefore

- represents the upstream extenslon of a broad deposmonal area (see inset Flg 5. 4) The

evolutlon of the bar and surroundlng forms was not observed and hlgh duscharges made

'

: mpossrble ‘a return to the area after the mapplng was completed

‘ 52 Morphologlcal Features “ R o S co : -

As may be noted from Flgs 5. l 5, 2,5 4 the surface morphology of each braud

. '.l

common

,521M|norChannels'v o Lo fvl o

A dlstmctlon may be made between channels Wthh formed in: conJunctlon wnth

the deposltlon of. the main body of the bar- (Type A), and channels Wthh formed as. a
v 'result of the modlflcatlon of the bar: surface (Type B). It may be suggested that the type :

- A channels are rellc:t forms of. the same magmtude and Ol’lgll’l as the chanqels whxch

dellmlt the brald bar They were observed only to carry flow at hlgh stage. =

o N . 7

g Type A channels occur on all three bar surfaces (Locatlon A Flgs 5 1 and 5. 5

: .Locatlon o Flg 5. 2; Locatlon A Flgs 5 4 and 5. 6) Where unmodlfled,, these channels

vtyplcally have at least one steep bank and dellmlt deposmonal areas. The channels vary in

s:ze but range between 2 -4 m m wudth They may occur in any posntlon on the bar

S surface but are located predomlnantly on the upstream portnon of the bar, often B
: extendnng away from an upstream channel margm and show an onentatlon parallel or-

'_ sub parallel to the surroundxng channels Gravel SIzes on the beds of the channels are .

usually coarse although frequently the former bed is. burled by 'sand deposrted at low

' flow stages Where the form of the channel has been extenswely modlfled by later
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Figure 5‘5'Type A channel, Proximal Sub-Re_at:h Braid Bar (View: downstream).

.
-

. 7' Atlow stage the channel contained no flow.

[

Figure 5 6 Type A channel, Dlstal Sub- Reach Brald Bar (Vnew upstream)

Type A channels to left and centre of plcture The overbank flnrng trend occurs

‘vici_nity of the Iog in the centre of the photograph.
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flows, for instance at Iocatlon B (Fig 5. 1), the presence of coarse gravel is the only

mdlcatlon of a former channel

"The channels represent former minor channels WhICh have been abandoned asa

_result of ﬂow avulsion. . Abandonment is caused’ by deposmon at the upstream end

whuch results in the downstream portlons of the channel being preserved with little

modification by waning _flow ‘Such deposition occurred at Locatlon B (Fig 5.4).

v |
5.2.1.2 Type B Channels

\

Type B channels are also dlscernable on all three of the bar surfaces for mstance :
at locatlon C (an 5 1); locations D and E, (Fig 5.2) and Iocatlon C (F|g B4) ltis suggested

that these channels are sumllar to the minor, scour channels noted by Krigstrom (1962),

) Ore (1964) Wllhams and Rust (1969) Rust (1972) Bluck (1974 1979), Gustavson

v {1974), and Boothroyd and Ashley (1975). These channels are generally narrower than

" - the type A .channels (width'less than 2 m), they occur in multxples over a limited area of

EY

\\extend.headwards from the »base of the/bank, :denlng as the top of the bank is

the bar and tend to show a more variable trend in relation to the local flow direction

" around 'the bar than do t_he,ty_pe A channels, -Type B channels are typicallly‘lo,cated

towards the downstream portions of bars, although channel\systems-may'ex’tend

upstream towards bar heads As Wllhams and Rust (1969) noted, the channexs may be

-'dlscordant or eros1onal relatlve to each othéy -and may be of limited extent, dlsappearmg

gradually either upetream or downstream o/ coalescmg The orlentatnon of the channels' '

‘|s often unpredlctable although they may c;;verge upstream and converge downstream

5. 2 2 Manl’ Scours and Chutes

MII"\OI’ scours occur extenswely over the bar surfaces freguently in assocnatlon
wnth drlftwood lying on the bar surface, WhICh forms an obstruction around WhICh flow -
is forced to dlverge The size and orventatnon ‘of the scours varies, but. they generally
range in length between 30 and 100 cm. They are usually deepest at thelr upstream end

in the vicinity of the ob;ect mducmg the scour, and show an elhpsoudal outlme Depths of

. scour are in the range of 10- 20cm It is suggested that such features are slmular to the “ '

elhpsmdal scours of Williams and Rust (1969)

Chute channels are similar features ero e’d into the sides of steep banks. These

.
Voo
4

\
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approached.. The 'scale of such structures is variahle, but they may reach 2m in length

and 50cm in width. E o o |
Examples ofhoth scours and chute channels oc':curred at location D {Figs 5.1 and

5. 7) It is suggested that these features develop as a result of modification of the bar

i

surface on wanmg flow or by later hlgh flows

: 5@'3 Gravel and Sand Sheets -

A maJor component of all the bar surfaces are extens:ve sheets of-sand and
gravel Figures 5.8 and 5. 9 show examples of-gravel sheets at, Iocatlons E (Fig 5. 8) and F
(Fig-5.9), Fig 5.1. The gravel sheets, when Uandlfled are extensive and show a relatlvely
uniform graln size. ‘The marglns of. each sheet are often poorly deflned and sheets grade
almost |mperceptab|y into adjacent sheets The sheets tend to be coarser and more
extenswe at the upstream ends of bars. When modlﬁed the gravel sheets may “exhibit
transverse ribs, lineations, and supervmposed areas. of sand and fine gravel.- It is
suggested that the relatively uniform gravel sheets are formed durnng the deposmon of
the primary bar structure and are subsequently modlfled The planar nature of the sheets

|mphes that these areas are the remnants of the dnffuse gravel sheets, described by Hein

and Wa|ker (1977) which represent the rnltlal form of in—- channe! deposmon Bar

| formatnon wrll be discussed in greater detail’ below. A

Sand occurs in various lacations on bars, but sand sheets are found

' predommantly on bar tails, for example at location F, {Fig 5 1) and Iocatlon D. (an 5 2) ‘As -

the general grain size diminishes in the- reach the areas of sand become more. extensrve '
on the bar surfaces and sand sheets occur widely on the distal sub— reach braxd bars

(locatlon D. Fig 5. 4), Where gravegslzes are fine, sand and gravel may be smultaneously

‘ deposuted Such deposnts may be dnstlngunshed from those in whuch sand is deposlted

over gravel as the sand forms a matrix for the gravel Th|s occurs for example at.

: -location E, (Fig 5, 4). Sand also tends to |nf|II features on the bar surface, for example

minor channels (Iocatuon A, Fig 5 4} and areas between transverse ribs (Flg 5. 5

k<]

foreground) Itis suggested that sand deposits on a bar surface are largely a result of

) deposntlon by waning or Iater Iower flows than those wh|ch transported gravel to the



.

2]

4
»

" Figure 5.7 Minor Chutes and Scours, Proximal SubFReach"Bréid Bar (View upstream).

v The'chutes and scours occur beéneath Ahd to the right of the large Iég.-

o .
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Figure 5.8 Coarse Gravel Sheet, Prbxim‘él Sub-Reach Braid Bar -

(Vié;\'/\dBWnstream.z Bag for scale).

s

Figure 5.9 Fine Gravel Sheet, Proximal Sub—Reach Braid Bar
(View downstream. Bag for scale). " '

o
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~ 5.2.4 Lobes on the Bar Surfaces | .

- Lobes on the bar surfaces occur predominantly at the downstream ends of bars,
for i‘nstance, at location H, (Fig 5.1), and location D, (Fig 5.2). Th(et/ may be variable in
- form, but are typically linguoid, with a convex downstr,eam avalanche face at the
doWnstream end. The avalanche face is generally between 20 and 30 cm high. The lobes
tend to occur downstream of a type B channel s’ystem,‘or where flow from the
surrounding channels spreads over the bar surface. The lobes typically show a
downflow fining. It is suggested that such Iobes‘are formed by flows which cross the
bar surface after the depositi’on of the main structure; either du{ing waning flow or-
during later high flowv stages and transport a limited amount of sediment; so'me of which

¢

may be derived by scour of type B channels.
| 5. 2 5 Levees

Levees occur along’ the marglr‘s of active channels, for instance at location F and
.G (Figs 6.10 and 5.11), Fig 5 3. They are typlcally 1- 2 m wide and are generally 1-2
clasts high The levee deposits fine rapidly away from the éhannel {Figs 5. 10 and 5.1 1)
Levees probably develop when flow overtops the banks of a channel and fine gravet is
deposnted in the area of lower competence immediately adjacent to rt Such forms

therefore, represent a modlflcatlon of a bar surface.

5. 2 6 Transverse Ribs and Llneated Gravel

_ Transverse rubs occur wudely on the bar surfaces ina range of gravel sizes (Figs
5.12 and 5.13}, most frequently in the.areas adJacent to actlve channels. The downfiow
orientation of the ribs tends to be obhque to the drrectnon of the flow in adjacent
channels. The ribs are generally 1-2 clasts hlgh and-2-4 clasts wide, spaced at dnstances
of 15— 30cm Shaw and Kellerhals (1977) and Koster (1979) proposed that s1m|lar forms
were antldune bedforms the, gravel sizes and the spacmg of the rlbs being related to the
depth and ‘velocity of the flows causnng their formation. Thus clast size and rib spacmg in
the exposed rlbs seem to be related. The areas between the clasts are frequently infilled
wuth sand and where thls sand covermg is extensrve the ribs may be partially burled

Biuck {1 979) suggested that transverse rlbs were emplaced at a lower flow stage than

el
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Figure 5.1 1_Leve’e. Distal Sub—Reach Braid Bar (View downstream).
Levée extends for approximately 2m away from channel

Y.
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? S anure 5 12 Trans\verse Rnbs Proxnmal Sub Reach Brand Bar (VIEW downstrean'\)
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S
the main structure of the bar. Morphologlcal evudence on the mapped areas strongly
,supports this hypothesns three Iocatlons are. of note At Iocatlon C (Flg 5 2) minor -

/

‘channels. graded downstream lnto an area of transverse ribs. The co— ex1stence of the '
: vvmunor channels and the transverse ribs seems to- suggest that these features developed "
contemporaneously At locatlon D (Flgs 5 1 and 5 7) the transverse nbs on an elevated
-,area (area G, Flg 5 13) grade towards and mto the chute channels cut mto the steep bank. .
. " ' vThe occurrence of transverse rle in the t:hute channel at locatnon E. (Flg 5 l) mdncates o
*that the rlbs formed after the eros:on of the chute annels and therefore subsquent to-
' theﬂ emplacement of the maln bar structure Flg B.14 lLocatlon E, Fig 5 2) shows a | 3
Juxtaposmon of coarse transverse rnbs lobes of flne gravel and mmor type B channels :
; : downstream of a type A channel The adjacent Iobes and channels oc0ur downstream of.
the transverse rlbs The r|bs grade mto the mlnor ‘channels: and the Iobes and itis
‘ suggested that the flne gravels n these lobes represents materlal wmnowed from the
area |n VVthh the rlbs occur durlng thenr development The area of nbs grades lnto the :

: N ,_lobes mdlcatlng that the two features were formed contemporaneously It is proposed

that lnter r|b depos;ts of sand are emplaced after the transverse rnbs as the sand

g _frequently obscures the clasts in the nbs

4 leneated gravel or longltudlnal rlbs occur only in fme gravel frequently

.downstream of large protrudlng clasts or logs They compnse multlple parallel bands of

fo";gravel one clast hlgh and =2 clasts W|de At Iocatlon D (Flg 5 4) such Ilneatlons

zv
[

joccurred for a dlstance ofa»}f m downstream of a log restmg on. the bar surface The

ES

o juxtaposmon of the llneatlons Wlth an upstream obstacle lndlcates that they were. formed

f'at wanmg or durlng a later hlgh flow after the. emplacement of the body of the bar

‘ §lbly by tubular vortlces developn]g around the- upstream obstructlon (Rust 1972\

5. 2 7 Rlpﬂples Minor Scours and Current Crescents

_,of

R:pples and m}nor scours occdrred wudely in sand- areas on the bar surfaces It
was noted however that rlpples tend to be concentrated where the former channels

were mfllled by sand Current crescents tended to be assouated wnth sand deposﬁed . R
'_ over coarse cfasts .\

s/

A s
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5. 2 8 ln-Channel Forms Surroundmg the Bars

Deposmonal forms occurred in. the mlnor channels surroundmg the bars and

. “-frequently they were attached to the bar structures Predommantly these forms

"‘w_“occurred as small lobes for lnstance at location F, Flgs 5.2 and 5.15) and locatlons c and

H, {Fig 5 4) The lobes were up to 10~ 12 min length and 3 5 m wide. - The upstream

L margms tended to be submerged and the downstream margms consnsted of a poorly

‘ defmed avalanche face At certaln locatlons such lobes overlapped for lnstance at

location F, (Fig . 2). the lobes occurred in areas of shallow dlverglng flow where a

channel wndened (Locatlon F, Flg 5 2). They were also evident where channel avulsuon had
‘;taken place {Location C Fig 5 4). The lobes represent small unlt bars snmllar m form to

L 'those descrlbed by Smith ND (1974) and Hem and Walker (1977) and are the result of

l
: the deposutlon of gravel m shallow areas of a channel where flow competence is

| .'Areduced L _ - : o ! @

| _ i |\tentatlvely suggested that” an alternative form of in— channel deposutlon is g

: vevndent at Ioca%n A {Figs 5.2 and 5. 16) The form shown is morphologlcally sumllar to _
: po:nt bars descrlbed by)McGowen and Garner (1970) Smlth N D. (1974) and Jackson -
f(1978) and has a convex upward proflle Th bar developed albng the steep inner bank
at the foot of ‘which runs a partlally infilled chyte channel of a large radsus channel bend
NS Graln sxze dlmmlshes rapldly away “from the\ch nnel ‘and downstream It may be -

’,_suggested that thls form lS a pomt bar Wthh eveloped as result of mlgratlon of the

‘he bar surface possnbly lndlcate that the =

' channel was suff:cnently deep for transverse :cllcmdal flows to develop although trends

mlnor-channel The distinct flnmg trends over

later overbank f lows

in the finer gravel snzes may have resulted fro l

3 -
AR

: .5 2. 9 Partlally Veg,etate;lr . Ralsed Areas , .a

Partlally veget@t
- a A [N
o but thel"r exnstence has lmportant lmpllcatlons for brald bar: development These areas

‘ for mstance ar%a E, (Figs 5 4 and 5 17) stood approxlmately 20- 40cm above the rest of -

a,

, ‘the bar surface and were frequently bounded by type A channels The surfaces were , '
' covered by flne gravel sand and. patchy areas of both sand and gr Often there was .‘

,llmlted vegetatlon cover The exns‘tence of these areas in conJunctlon wnth Iower o

A s
o) i .
A%
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Fugure 5 15 In -Channel Lobes Medxal Sub- Reach Brand Bar- (Vlew downstream)
Mam body of the bar is to. the Ieft
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Fugure 5. 16 Point Bar Adjacent to Medral .‘:ub reach Brand Bar (Vlew downstream)

The area of coarse gravel to the left of the pucture !s at the base of a steep bank T e

“bank top IS older and partly vegetated '¢ R T _"

Figure 5.17 Elevated Area, Distal Subfﬁaacﬁ.‘Braid Bar (View downstream).
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{
~unvegetated areas strongly lndlcates that braid bar development may be the result of
deposltlon in w:dely separated eplsodes and not jUSt as a result of sequentlal deposatlon '

.-

over a shor_t period of time.

5.3 Local Siedinient Size Sorting *

. i B ¢
. BN A
@ . N

5.3 Trends Awa\vlFro'm Channels'-

5311PomtBarForms S B
» The poxnt bar at. locatlon A, (Figs 5.2 and 5 16) shows a dustlnct flmng trend away
““‘xfrom the actlve channel and downstream along the bar The gravel flnes from coarse
gravel ( 5.6 phl) to fine gravel (-4.0 phll over a dlstance of 8-10m. 1 A SImllar flmng
'trend occurs at locatlon I Flg 5 1 where gravel sizes flne from very coarse gravel (-6. 2
'-phll to fine~ medlum gravel ( 4 4 phi) over a dlstance of 3-5 m ‘
3 f, . Although McGowen and Garner (1970) noted that vertical fining trends and by
lmpllcatlon lateral flnlng trends d|d not occur in the’ coarse gramed pomt bars that they
: examlned itis proposed that the sortnng trends exhlblted here developed in conjunctnon

W|th the formatlonvof the bar. The occurrence of coarse gravel of slmllar size to the

N channel bed gravel along the channel marglns and the exnstence of a relatlvely steep

: channel margm seengs to preclude the formatlon of the flmng trend by overbank-

deposltlon (dlscussed belowl However flnlng trends in the. flner gravel sizes may have '

2 partlally resulted from thls mechanlsm lt is suggested that: such fmlng trends develop as

“aresult of the. dlfferentlal transport of sedlment by transverse hehcondal flows These

'

' occur in asymmetrlc channels ata channel bend and at high flows extend over the

. surface o‘f a pomt bar\

i

7l
. 1The.phi values glven here represent the median values of the gravel size classes ascrlbed '
during the mapping of the bars. The sizes were obtained from the size-visual- category
. cross-comparison {Fig 3.1). The terms very "coarse grave!” and "fine. gravel" are the '
: \descrlptlve terms gnven to each of the slze categorles

‘
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—5312Levees '
Levees Ilke ponnt bar forms, shovy a rapld flnlng trend away from a channel. They :

may be dlstlngwshed from the sorting patterns developed in point bar formation, as the
.sedlment slzes at the |mmedlate channel margin are: cons1derably flner than the in—channel -
sediments. Examples of such fmrng trends oceur at location E, (Figs 5. 4 and 5.10), where
gravel fines from fine- medlum gravel (~4.4 phi)to sand over'a d|stance of 3 m, and at
locatlon F, (Figs 5.4 and 5 11), where the fining trend occurs over a dlstance of 8m from ,
a former channel margin. The fmnng is produced in such cnrcumstances as a result of
overbank flow,: gravel and then sand belng deposnted progressrvely as competence

A\
decllnes away from the channel margin.

5.31.3 Overflow and v‘Lobe Areas
Sorting trends also occur: where there has been extensive flow over the bar
.surface from the -active channel or downstream of type B channel ‘systems. Such trends
develop, in general, over areas much larger than those occupled by levees and unluke
,trends developed on point bars, tend to have an upstream or|g|n in.an area of hmuted
- 'scour; or along low channel banks. Frequently the dOWnstream margln of deposnts wnth |
a_flnlng trend is an avalanche face or lobe. A number of examples ‘of this are evident on
~ the braid bars mapped, ‘for instanc:e at locations J and K, (Fig 5. 1).and Iocations F (Fig
_>‘5 12),-H (Fig 5.18) and |; (Flg 5 2). Where trends occeur away from an actlve or type A"
channel the followmg sequence is often dlscernrble
1) an area of coarse gravel (=55 phil at the channel margm grad:ng mto; .
, .. o - 2) an area of transverse rlbs, in wh:ch the constltuent gravel funes v
- "downstream gradmg into; . - SR ‘)
: 3) an area of fine gravel (—“4 2 phl) often in lobe form wrth contmued
\ flnmg downstream towards the avalanche face _ ’
| Such trends may extend over consuderable dlstancer up to 20 m, as at locatxon J, lFlg
Away. from type B channel systems the fmmg trend usually occurs across'a Iobe "

form whlch orlgmates at the downstream end of lthe channel or along the channel margln, '

as at Iocatlon K (Fig 5. 1) and locatlon 1, (Flg B. 2)



¢

_ Flgure 5 18 Overfte,\ anng Trend Mednal Sub-Reach Brald Bar (Vnew downstream) |
The flnlng trend is best developed to the rlght of the pxcture and it extend< away from ‘

" the active channel margin.
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It is proposed that such fining trends develop as a result of flows over the bar
surface, after deposition of the bar ifself. These transport sediment and form lobes. ’
The"competency of the transporting flows djminish with distance from the active, or type
B, channels due to diyergence and declining elocities as a result of a reduced flow ‘

surface slope.

- 5.3.2 Fining Trends on Lobes Wlthm Channels:
Downflow fining trends were noted bh lobes deposned in-channels, for mstance
at locatlons F (Fig B. 15) and J (an 5. 2) The ost dlstmct flnlng occurred at location l
{Fig b. 2) where gravel fmed from medlum coarse (-5.2 phll to fine gravel (—4.0 phn) over
a dlstance of 15 m.  Ashmore (personnal commumcatlon) found that similar fining trends
on other lobes sampled in the Sunwapta River, were statistically slgmflcant It may be

suggested that these lobes are basic unlts upon ‘which size segregatlon occurs (Smith ND..

1974 Bluck 1976 1979 and Hein and Walker 1977)

P~

. 5 3.3 Sortmg Assoclated with Scours . ‘

Downsfream of scours sub parallel bands of gravel of dlfferent size were
observed trendmg ln the former direction of flow. The coarsest gravel occurred in the
Alee of the deepest scour, and was flanked by bands of finer gravel for: dlstances up.to . -

10 m.. The mduwdual gravel bands also showed a sllght downstream fmmg

i

l
5.4 Longitudinal Trends in Sorting
The braid bars from the proximal and medial sub-reaches showed general fining,
downstream and away from the actlve channels No dnstlnct fining trends were-*
dlscernlble over the bar surface of the dlstal sub reach braid bar. It'is suggested that
this is 2 funct|on of the complex development of the distal bar.- As Bluck (1976) noted;
' elsewhere rapld lateral changes in grain size were evident on al! three bar surfaces
With, respect to the proxlmal and medial sub- reach praid bars, the coarsest gravel .
occurred where the beds of former channels were expgs%d and on the margins of active

channels part|CUIarly at the upstream ends of the bars. Bar head areas, tended to consist

~of gravel sheets, (as prevnously descrlbed) with grain sizes rangmg from medlum to



i
- | - o 146

coarse gravel (~4.9 phi to =5.7 phil. The bar tail r’eglons showed extensive areas of fine
to medium grave! (~4.0 phl to —4.9 phi) and sand, Many of the downstream fmmg trends
' resulted from a concentration of sand and fine gravel in the bar tail, although sand
“occurred as a waning flow deposit on all three bar surfaces Similar flnmg trends have
been recognlsed on complex braid bars by Ore (1964), Boothroyd and Ashley {1975} and
Bluck (1979) Bluck (1979) suggested that the coarser gravel on the bar head was r
‘deposited at high stage and the occurrence of finer downstream tail sedlments was a
reflection of deposmon under lower stage Ashmore (personnal communication),
; how_ever, proposed that such downstream fining trends mlght be related to a slngle flow
stage‘ the converging flow around the bar tail'being of Iower compete‘nce-than]the initial
dlvergmg flow at the bar head. | |

It is ewdent from the maps of the three brald bars that the range of grain sizes on
. the bar surfaces dlmmlshes downstream. Al the sedlment size grades,are_evndent on the '
proximal sub—reach braid bar, but only the finer grades occur on the'distal'sub—reach

braid bar. The areal extent of the finer grain sizes, obviously, increases downstream.

5.5 Braid Bar Development
- A hypothetical model of the formation ‘of braid bars.and associated sediment
-sorting patterns may. be deveioped.This is based on a cons‘ideration of the deécriptions
-of braid bar development by other workers and from the broad patterns of sedlment
“sortln‘g on, and the morphology of, the braid bars descrlbed above. The form of the
_initial development of braxd bars is obscure and two hypotheses are proposed. Both
~ mechanisms have been observed by Ashmore (1979 and personal commumcatlon) in !
flume slmulatnons although he noted that a contlnuum may exist between them. . -

! ’ . oL . \ )

5.5.1 Initial Development -

. - 1) The initial development may occur around a nucleus in the form of an
~emergent unit bar (Ore ’1 864, Smith ND. 1974, Bluck 1976,'1979, Hein and Walker
' 1977, and Ashmore 1879)Figs 5.20 a'nd 5.21) The final form of the brald bar insuch a

case is dependent on subsequent additions to and modifications of the original unit bar.
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The morphology of the original unit bar is unlikely to be apparent in the final bar form,
although certain features may be discernible. For instance,'the braid bar may be
' dissected on emergence and, as noted by Krigstrom (1962), Willlams.and Rust {1969) and
others such channels produced by this dlssectlon may be evndent on the final bar form.
If the original nucleus is a unit bar it is Ilkely that it would show a dlstlnct size g/adlng as
descrlbed,by Smith N.D. (1974), with a downstream and vertical fining, although these
| are unlikely to be apparent from the final bar form due to considerable rnodification‘ .
) Hovve'ver‘,' this nucleus may, asnoted by Ore-t1964) and Bluck (1979), form the coarsest '
part of the braid balr. | L ‘ | .
2) The initial form andvsi;‘e of a braid bar may alternatively be determined
by patterns of channel migration, erosion and aVUlsion {Figs 51‘9 and 5.20). Under such
mrcumstances the outline of the brald bar is determmed primarily by the divergence and
~tonvergence of channels in the area, and is the product of the dlssectnon of gravel flats '
~and unit bars which may have been deposited over considerable pernods of tlrne and
'under ‘widely varymg flow condmons Although mOdIflcathF\S to the outline of the braid:
bar may occur by addmon to it these are relatively minor as compared to the situation
) where a brald bar develops around a'nucleus. \' »
| There is conS|derabIe evidence on the three bars mapped to support thls second
hypothesis. The: exlstence of type A channels on all three bar surfaces, and the
occurrence of partlally vegetated areas on the distal sub-reach braid bar mdlcates that
‘the bars were deposuted by a complex sequence of events p055|bly wudely spaced in

a

tlme and not as a result of a snngle event.

_ 5.5. 2£econdary Modlflcatlon
_The scale of the secondary moduflcatlon of the initial bar form is likely to vary
_accordlng to whether the bar develops from a nucleus or whether the outling of the bar |
is determlned by channel mlgratlon and avulsnon (Figs 5.49 and 5.20) However lt is__
'suggested that the processes lnvolved are basically similar. v
’ The. subsequent developme\\nttot the braid bar occurs as Ashmore (1879) .

outlined, by the lateral: mlgratlon of adjacent channels A broad snmllarlty may be noted

' between the forrns described by Ashmore (1979) and those discernible from the mapped -
. . - . . \\ . . . X . :

<
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braid bars. Whilst he described the mor.phology developing at a single reach-discharge
. level, this may be extended to encompass deposmon under fluctuating discharge levels.
1) Modifications as a result of |ateral channel migration. '
Deposition on the inside of the mlgratlng channel occurs either in a form sumular toa
point bar (locatlon A, Fig. 5.2) or in the form of, small individual, overlapplng lobes
" {location G, Fig 5.2) The two different forms of deposltlon, it is suggested, result from
different flow condltlons the ponnt bar developlng where helicoidal flow is produced in’
the migrating channél and the Iobe forms developing as a result of deposmon in
expanding flow in a shallow channel. Sediment size patterns associated with the point
bar show a clecline in grai.n size away from the channe! and to a‘\certain'extent . c
downstream. The Iobe'"s" exhibit downstream fining trends similar to those, described for
unit bars. B | | |
Where a single channel is migrating away from a bank, ‘'sucessive periods of
accretion may result in the formatlon of alarge lateral bar showing rem: = s of individual
. point bars lobes and the former inner bank marglns of the channels in which they
~ formed. In the case where two channels diverge and rejoin around an |nmal nucleus or
| an erosronally defined. brald bar for instance the proxnmal and medial sub=reach braid
bars,,comparison of the mapped braid bars with the d_escrlptlons of Ashmiore (1979)
lllu.Stréte the following; v' ‘ - 4
' a) Upstream migratiovn of the flow diversion, deposition of gravel
.sheets on the bar head, and the formation of lobes or point bars just doWnstrea'rh of the
apex; | : , . | , . - |
b) 'Th'e"lateral migration of the vchannelsw'in the'mi_d—bar and bar ~tail
regions results in the attachmen{ of lobes ‘or 'point bar.s.v\ A pa{tern' of sequential lobe
forms and abandoned channel margins-may be evident, a»result;o'f successive depositional
. eplsodes for example at locatlon G, (Fig 5.2). ‘ | |
_ c}In actlve channels mld channel unit bars may continue to form
~and may later become attached to the bar itself. o /
2) Modlfucatnons due to overbank flows contemporaneous with lateral
channel migration.

a) Overbank flows result in the formation of type B channels’ -
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| N .

eroded into the bar surface which commence in the bar head and converge in the bar tail
‘ b) Overbar flows may converge from both surrounding channels, '
or extend laterally from only one channel and together with contributions from,the type B
channels resuilt in the formation of ovarlappihg sheets and lobes on the bar t:;il
(Gustavsonl 1974).
c) The shallow flows over the bar surface may result in the

' formataon of transverse ribs, partncularly in areas of ﬂbw divergence.

_ The following sedlment sorting patterns devAeIop in association with the
morphology described, above )

1) Upstream portions of the bars and bar heads retaln the size patterns
of the original unit, modnﬁed by some upstream deposition of gravel. This area is
relatlvely coarse as. compared to the bar tail, although the coarsest gravel occurs at the
’ channel margins.’

:2) The bar tail shows the rinest grain size, often with extensive areas of
sand due to the'rower compeienc_e of (converging flow over the bar surface (Ashmore,

personal communication). Fining trends occur away from the squrce channels towards

o

the individual iobes and sheets.

“ ' ‘ v
3) Lateral accretion features may show fining trends, as previously .

described.

~ 5.5.3 Tertiary Modification

5

o b i

R R
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areas and abandoned channels. B

The most extensive modifications to sedxrhant sorting patterns resuits from the
development of levees, which show definite fining trends away from tho channels. This
modification may obscure the patterns resuling from lateral channel migration. Some
fining trends occur, a$ previously noted, in association with the development of

transverse ribs and gravel lineations, although it is suggested that these are of limited

significance in relation to broad sediment size trends.

5.5.4 Summary
Given the above conditions for the development of braid bars. it may be
" suggested that the surficial patterns of sediment sortihg are largely the result of
modlflcations of the bar surface (Figs 519 and 5.20). As a generalisation, the upstream
‘channel margms will shdw the coarsest gram sizes, with extensnave areas of coarse gravel )
occurrmg near the upstream end of the bar. Sediment sizes fine downstream and away
from the active channels, the finest sediment being located on the bar tail The bar
structure itself will be largely unaffected and ver’ucal size sorting trends are llkely to
reflect patterns of accretion, probably a complex Juxtaposmon of deposits from earter
- multiple deposmonal episodes and depOS|ts by Iateral accretion. It is,unlikely that such

4
defmable products of bar surface modufncat:or\ as Iot%tes are extensively preserved in the

-»stratrgraphlc_record, ‘ oo ‘ - T

N Y Between- Slte Vanatlons in Grain Size. ,
The statlstrcal analyses of Chapter Four showed consuderable varlabuhty in grain
size wn:hm mdnv:dual samplmg transects located at the same dlstance downstream.
| Similarly, Church and Kellerhals (1978} noted ssgmfncant within—site variance in thelr‘study
of gravel sediments of the Peace River. Attempts were made .in both studies to eliminate
~such varlablllty by stratlfylhg the samples geomorphlcally and takmg only sample\s from"
bar heads or channei margins. The maps presented in this chapter show that consrderable
local varrabthty in grain size occurs on gravel«bars, and, therefore, |t.|s not surprising that.
significant variahce was noted about the statistic‘a| relationships. Whilst generalised '

‘patterns of sediment size sorting may be’predictec_l usihg the gnodel developed, it is
) g -

s
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‘ suggested that actual sedlment sizes and deposmonal patterns wary randomly between
. bars. The use of a geomorphlc stratlflcatlon in the orlglnal sampflng is }UStlfled at the
broad level of the model, but W,!}h regard to the above observations it is unhkely that all

* within—site variation can be eliminated. . . R

- 5.7 Relatlve Gram Slzes on Bar Surfaces and Channels ‘
Ballantyne (1978) noted from a trend surface anaTyS|s of bralded rlver sedlments,

‘ _Lhat channel and bar surface sedlments showed a difference in relat\/e grain sizes, with
bar surface sedlments belng in general flner than channel sedlments Sedlments in both o
' ‘deposmonal locatlons fmed downstream However the trends also converged :

\

o ‘ downstream In the current study it was noted that the range: of graln snzes decreased

- ,downstream with all graln slzes belng observed oh the bar located in the proxlmal

sub- reach but only 2 hmlted range occurrlng on the bar located in the dlstal sub- reach
" The relatlve area of the fmer gram snzes lncreased downstream It is suggested that the '

overall dlmlnutlon of graln s:zes in the reach as dlscussed in Chapter Four, is a. llmltmg

e ‘factor on maximium gram slze Hdwever whllst the overall competence to transport

e snze downstream

“ sedlment decreases downstream a range of local competencues occurs Under certam
jcnrcumstances, low competence flows in the- proxu@gl zones result in the emplacement
of fine gravel on bar surfaces lt is suggested that the convergmg trends exhlblted by
'_channe and bar surface sedlments lh Ballantyne s (1978) stuW@re the result of his~

sampllng of fine gravel from proxnmal and medlal bar surfaces and a dlmlmshlng of gram

!
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6. SUMMARY AND CONCLUSIONS
6.1 Slze Dlstance Relatlonshlps

Analysns of the varlatlon in graln size in \a short braided, reach of the Sunwapta

River, shows a departure from the expected model of a unnform exponentnal

downstream decllne in gram size. The downstream decllne in gram sxze is best descrlbed

by four separate eo(ponentlal functlons of. snze agamst distance: correspondlng to each of

the sub— reaches defmed by’ trlbutary locatlons Whllst a smgle exponentlal functlon may

be fltted to: the data for the whole reach there would be con5|derable varlatlon about the":

' relatlonshlp as noted elsewhere by Church and Kellerhals (1978) and Knlghton {1980,

1982) Even in an apparently homogeneous reach with only minor trlbutary lnflow

.upstream of the Dladem Creek alluvual fan there are devuatlons from the expected

e exponentlal form The varlatlon is- statnstlcally attrlbutable to two components, variability -

wuthnn samplmg transects and varlablllty between sub reaches The. latter source of

.

’ 'varlablllty can be partlally but not solely attrlbuted to the effect of trlbutary lnputs ‘

|
The effect of trnbutary mputs to the reach varies aCCordmg to the’ sedsment slze

and dlscharge of an mdl\vndual tnbutary Where the sediment |nput is srgnlflcantly large

- and the clast sizes are cparser than those of clasts in the main reach the followmg

i -’transport Upstream thls is due toa reductnon in competence and downstream thls

. Itis suggested that the trlbutary mput has its own;

mcreases downstream of the trlbutary

geomorphologlcal effects are dlscernlble

1) the main channel slope decreases upstream of the tr»butary and

L

2) gram size increases downstream of the trlbutary L T

3) downstream dlmxnutlon rates increase as a result of dlfferentlal

\j .

results from the lag deposmon of the coarse fractlons of the trlbutary mput

4

riate of dnmlnutlon the s:ze decrease :
. _4-17 3.

p taklng an exponentral form superlmposed on the: general declme in graun snze .

Y

Comparlson of the llmestone dlmmutlon coeffccnents for the separate

' sub—~ reaches of the study area wuth an at/erage dlmlnutlon coeffncnent from other

S in graln size are not unlform over the reach. In the proxlmal and medlal sub~ reaches the o

b/ ) ‘
' Albertan rlvers shows that the processes operatmg to produce the downstream decllne .

: 54



relatively low fdi/ninution coefficients indicate that differential transport is of less |

" nmportance than would be expected in a bralded river env«ronment It is probable that

Yy

s?me form of degradation is occurrrng partncularly in the proximal .sub- reach.

» Morphologlcal evidence from proglacnal areas Iocated upstream, indicates that sediment

o

_ lnput to the river has been reduced, as incision of proglacnal outwash adjacent to the -

: Athabasca and Stutf:eld GIacrers has occurred. In the proxnmal sub reach the active area :

Iues 40 50 cm below an abandoned gravel surface with extensnve vegetatron cover. “The

surface is well above the annual peak flow stage and the undrsturbed nature of Iarge ‘
borrow pits, excavated in 1959 mdncates that the' surface has not been reworked since.

The actnve area has an east to west slope and the water level of the. mam channel is. »1 to

ap 5m below the vegeta\tpd surface Morphologncal evndence for degradatlon is subported :

by a comparrson of the d|m|nut|on coeffucnents obtained for the proxrmal sub- reach

"These are conslderably Iower than those obta in other studnes for aggradmg rivers

£

(Appendlx 6)

E ]that dlfferentlai transport i1s'an effectxve process upstream and downstream of large

j vtrlbutarles and alluvral fans (as prewously noted) Observatlons mdlcate that the mfluence

{»t

of: the tr:butary alluv;al fans on slope and gram size is’ resrdual as they are not at present

o progradmg mto the Sunwapta Rrver In the absence of a coarse sedlment mput the fan

: ‘controlled base of the reach |s probably bemg Iowered Consequently grven the reduced

sedlment mput |nto the reach from upstream and the Iowermg base Ievel at both aIIuvxal

' ’”.fans the study reach as a'whole’ may bé undergonng hmlted degradatlon However the:
:;amount of incision beneath older surfaces is small and thus degradatlon does not seem to

be rapid in compartson to the rate of mc:snon in the headwaters of the Sunwapta Rlver

.Here |mmedrately downstream of Sunwapta Lake terraces of 2 to 3m have developed

in approxnmi “ely 3016 40 years , _ »

 The. dumunutlon of’ graln size in the studied reach varles between Ilthologres the
'ghmestone havnng a Iower dlmlnutron coefflcnent than either the quartzmc llthologvcal |

| ‘group or the true quartznes Thrs is a maJor anomaly although not statlstlcally S|gn|f|cant
whuch cannot be satlsfactorlly accounted for However a comparlson in the drfferences

' ‘vm the mean graln size of the hmestone and quartzmc components of a small number of:

The hrgher dnmnnutlon coefflcnents in the distal and mter fan sub reaches md:cate
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v

samples at the head of the proxlmal sub-reach suggests that a coarse quartzutlc

component is mtroduced at thls pomt Low roundness values for the quartzmc A

E vcomponent also suggest that the hlgh dlmmutlon coefflments may be the result of snze

t.

reduction by fracturing. o ) :
Varlatlon about the relationship between gram slze and downstream drstance also
resulted from wnthm transect sue scale varlabullty Whilst statlstlcal analysus could not

isolate the cause of thls within—transect varnablllty detailed examination of sedlment size

. varlatlons over three selected braid bars mducated that there was con5|derable varlatlon m

: gram size over relatlvely short dlstances Itis suggested that although some attempt was

made to stratlfy the samplmg by collectmg the samples from bar heads or coarse gravel

~ from channel marginhs, the S|gn|f|cant varlatlon in gralh size noted wnthm the sampling .
transects was a result of Iocal site— “scale variation rather than for mstance a trend in f

‘grain snze across the reach.

Gram snze dlmmutuon in the studled reach may be attrlbuted to a varlety of

; processes The low dnmlnutlo% oefflments for certain sub reaches mdlcate that attrition -

is.a s:gmflcant factor in causmg size reductnon The snze reductlon due to attrition for the -

llmestone component of the ruver sedlments seems to, result from surface abrasuon as
the’ clasts are generally well rounded and show httle evudence of fracturmg However

: "_the angular nature of the quartzmc sedlments and the hlgher dlmmutlon coefflments

obtamed for the quartZItes strongly suggests that attrmon also results from fracturmg

wThe unstable nature of the bed and banks in the reach means that the sedlments are highly

moblle and ityis’ unllkely that attrition in S/tu is lmportant relatlve to attrltlon in transport

The hngh values of the dlmmutlon coeffucuents partlcularly in more dlstal areas of

"'the study reach mdlcate that dlfferentlal transport is-an lmportant process in causmg

&

sedlment slze ;eductnon The downstream |mprovement in. sedlment sortmg shows that

. the range of gram srzes at’ a glven Iocatlon becomes more restrlcted w:th distance. The.;,

ex:stence of fme gram suzes on brald bars'in the proxnmal sub reach partlally conflrms .

~that the coarsest fractlons are bemg preferentlally deposﬁed Wlth regard to the work

of Laronne and Carson (1976l and Koster (1977) it is probable that this is due to




‘ of mtermedlate sized clasts -

. channel sediments.

study that varlatlons in sortlng can. bes’t‘be descrlbed by a cosme functlon as proposed DAY
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.asa result of belng wmnowed out from deposnts of coarser clasts by flows of high

frequency but whuch are mcapable of transportmg the coarse sediment. However the
a N

more rapld transport yeﬁ)cmes for lntermedlate sized clasts (Koster 1977) may result in.

them being the first to be deposited and burled, and the last to be exhumed by scour. In

consequence they would have a slower transportvelocity in time. Therefore size

i dlmmutlon due to. dlfferentlal transport seems to be the result of decllnung downstream

competence a lower frequency and velocnty of transport of coarse clasts, and the burlal
Sedlment sizes over brald bars are limited in range only by the avallablllty of large

clasts, with flne grain slzes occurrmg on all the bar surfaces sampled. The existence of

v

fine graln s:zes on the more prOX|mal brard bars is the result of the flows, over parts of
" the bar surface removed by relative helght or distance from the actlve channels being of

low competence The areal proportlon of the flner grain sxzes on the bar surfaces -

mcreases downstream Due to the decline in maximum graln size downstream the range
of gram sizes is correspondlngly more. restrlcted in a8 downstream dlrectlon The
samplmg of fme grain sizes on proximal- braid bars is a probable explanation for

Ballantyne's (1878) observation‘that bar surfacesv fined downstream less rapidly than

‘ t . : ! a

6.2 Sedlment Sortlng-Dnstance Relatlonshlps ‘? L _ SO /
Sedlment sortmg improves downstream although conslderable variation occurs

around the sortlng dlstance relatlonshlps Mmor trnbutarles seem to have ‘little mfluence "

'on sedlment sortmg However the caliber of the mput at Diadem’ Creek causes an initial

reductlon in-: sedlment sortlng and evudence presented here indicates that separate llnear :
or possnbly exponer'gtlal trends (Mills 1979) |n sortmg occeur, in reaches defined by major .

trlbutanes Such trends E;een\to result from the preferentlal deposltlon of the coarsest
f'\

tfractlons of the sedlment load, resultmgyﬁ;aa progr ssuve reduction in the range of -

sedument slzes occurrmg ata sungle locatlon There is no evudenca from the present

by Knlghton ( 1980)
D

Lo . o
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6.3 Clast Morphology

6. 3 1 Roundness
Roundness increases downstream with two separate trends belng discernible in

the study reach up and downstream of Diadem Creek. Whllst D:adem Creek has a similar

effect to that ot tributaries in the Rlver Noe (Knughton 1982) in introducing clasts of

lower roundness to the reach, the other ‘tributaries seem to have Ilttle effect on trends ln

roundness Roundness variation with distance upstream of Diadem. Creek eXhlbltS two :

' dlffermg relatlonshlps Over the first kilometre there is a rapid mcrease in roundness,

whereas downstream roundness increases more slowly with distance, although

considerable variation |s evident around this general trend.  This relatlonshlp is snmllar to

those observed by K‘rumbem {1942b) and Plumley (1948) and may be attrlbuted to the

rapid roundlng of large angular partlcles over the first kilometre or so, wnth the

subsequent slower rates of decllne occurring as the partlcles become more rounded and

M.

“smaller in size. "Similar processes may be in operatlon downstream of Dladem Creek, P

with only the |n|t|al rapid decllne in roundness away from the source bemg evident due to

!

the short distance of travel. ;

- 6.3.2 Clast Form

Ev:dence to support sedlment sorting by clast form is unconvmcmg for the study

reach: upstream of Diadem Creek This flndlng is at varlance W|th those of other studies

: of braided rivers. Bradley et al. (1972) noted a dlstmct preferentlal sorting of flatter

. disc— shaped clasts. Given that sortlng by size occurs in the reach, as shown by the

contrlbutlon to the dlmlnutlon coeffluents from differential transport this is unexpected.

. Trends in grain shape may be confounded by the introduction of fresh materlal from the

Wooley and Beauty Creek tributaries although thls is not ewdent from the dlstance clast

form graphs Changes in clast form are more dlstlnct downstream of the Dladem Creek

fan. However the trends exhlblted are at varlance wnth many prewous fleld studies

(Unrug 1957 Bluck 1964 Bradley et al. 1972, nghton 1882) as there is a presumed

preferentlal tranSport of more spherlcal or roller— llke clasts Some agreement is noted

L]

vxﬁth the conclusmns of Lane and Carlson (1954) who found that spherlcal clasts with the
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same weight as disc shaped clasts were more easily transported due to the imbrication
of the flatter clasts in the bed, and Koster (1977 who noted that prolate forms were

more easily transpor_ted»when clast size—depth ratios were high.

. 6.4 Variations in Sedlment Sizes on Braid Bars
From maps of selected braid bars located in the gravel areas of the study reach

‘upstream of Dladem Creek, common morphologlcal features, such as rmnor channels and
gravel sheets wereg noted Local trends in sorting were recognlsed over spec:flc
:features such as pointbars, lobes on the bar surface and levees. Such features tended
-to fine away from active or formerly actlve channels The bars also showed a tendency
to fine in a downstream durectlon Thns however was largely the result of the deposntnon
of fme gravel and sand oﬁ’the bar tall The exammatlon of these morphologlcal features
and a consnderatlon of previous work led to, the development of a hypothetlcal model of
7:\brald bar evolutlon with three essentnal elements '

1) The formatlon of a nucleus in the form of an emergent un|t bar ot the.
dellmltatlon of the outlme of the bar by channel mngra}non and avulslon in an area of
' prevnously deposited gravel These are suggested to be the extremes in a contmuum and
‘ .the initial phase of bar development may oceur as a comblnatlon of the two.

2) The' modlflcatuon of the orlgmal area by lateral accretlon and overbank
flows causing the formatlon of scour channels Iobes and many of the sortlng trends '
' away from the channels, - ' - S %Iv
3) The llmlted modlfncatnon of the 3urface by small over bank flows at ?
" later hlgh flow stages ) , "
Many of the sorting trends on brald bars seem to be the result of the

reorganization of prevnously emplaced sedlments by overbank fiows, and the ‘sortmg

1

»ltrends developed m the initial perlod of bar emplacement are not evndent at th?r‘
H0wever ina stratlgraphlc sequence it is probable that sedlmentary structur s"developed
durmg the |n|tlal perlods of bar development are best preserved The sedlment sorting

~ trends, as. descrlbed are likely to be of minor S|gnlf|cance ina stratlgr?phlc sequence as

.ok

they develop as a surface veneer. . o Y

S
Iy
SE
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_ This hypothetical model is based on observation of final forms and cannot be

regarded as a definitive modelof braid bar development. Further field and laboratory

observations of pbraid bars durmg formation is reqwred before a sequence of

development can be reallstlcally inferred.

6.5 Channel Pattern Development
Channel pattern as described in Chapter 1, shows a-systematic variation
downstream with transition from a coarse gravel bralded toa sandy branded pattern both

upstream and downstream of Diadem Creek. Upstream of Dladem Creek an

. anastomosed channel pattern occurs between the gravel and sandy braided sectlons

i

Rice (1979) also noted that channel behaviour varied downstream over the Beauty Creek

flats and concluded that the most mfluentlal-factor in controllmg this varlatlon was the

medlan graln size of the material |n  the channel bed and banks He suggested that the
/e

decreasmg grain size and mcreasmg percentage of sand downstream led to mcreased

bank stability in the lower reaches In the context of the present study glven dlscharge lS

: 'relatlvely constant ina downreach direction, the change in channel patte_rn seems to be

the resuit of an interaction between slope and grain size; the high slope and coarse grain
size resulting in a gravel braided channel pattern,‘and low slope and fine graén size
resultlng in an anastomosnng or sandy braided pattern.

~  The anastomosed channel pattern seems to develop in‘a transmon between the

_ hlgher slope prox1mal areas and the lower slope dlstal areas of the two reaches in a zone

b

affected by the backwater of the alluvial fans and beyond whlé:h gravel is not

' transported It seems likely as Smlth D G and Smlth N.D. (1981) suggested that the

amount of fines in the deposited load (and overbank vegetatlon) are suffucnent to. mamtaln .
\ .

stable resistant banks. Gravel accumulatnon occurs within the channels .and fmes are

‘ deposvted»m overbank areas. The major dlfference between the anastomosed and sanay

braided sectlons is that the latter lacks a gravel bed ‘Bed armourlng by |mbrlcated gravel
probably results in more stable beds in the anastomosed section, whereas the eas:ly
erodible sand beds in the sandy braided sectlon allow large scale bed movement and bar
formatlon between the stabilised banks The transitional sectlon lmmeduately upstream of

the anastomosed sectlon is similar to those reCOgnlsed by Smlth D.G and Smith, N. D
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J
{1981}, ‘They proposed that, such channel patterns resulted from the encroachment of a

gravel braided pattern on an anastomosed section.

6.6 Applications wuth Respect to Facies Analysns ‘ \
Although. it has. been shown that the redch of the Sunwapta River studied cannot
be‘regarded as currently aggradmg the results may be applned in the interpretation of

ancient braided river sequences. Assumlng Walther's (1894} law, ? vertlcal transmon

from proxumal to distal sequences, the followmg changes in gram SIZS and shape can be-

anticipated on the basis of this study

1} The size of the coarsest unlts should decrease systematlcally
upwards. | " : / _ .
2) The range of gram sizes should also decrease upwards W|th sands and

fine gravels occurrlng in both the proximal, and dlstal sequences although the relatlve

volume of the s_ands and fine gravels in the proximal sequences will be ‘considerably less

Le

e

3) Gravel clasts should on average, become more rounded upwards
The current study shows that the transmon from proxlmal to dlstal ‘sequences, in
a braided river valley fill, cannct be related to dlstance from a 8mgl° source. ltis ewdent

that the progradatlon of alluvial fans is-an lmportant lnfluence on reach siope, grain S|ze

-channel pattern and, as a consequence in an aggradmg sstuatlon on sedlmentary

' sequences As a hypothetlcal example in areach where the rate of sedlment input. from

:..upstream remains relatlvely constant , the _rapid aggradation of an alluwal fan would result .

N

‘in‘the upstream extenslon of a backwater curve Consequently there would be an

upstream transgressmn of distal channel patterns resultmg in the deVeIOpment of a

‘ proxumal to distal flnmg—upwards success:on Downstream however the mcrease in

slope and grain SIze due to the aggradatlon of the alluvnal fan would result in the 1

: downstream mlgratlon of proxmal channel patterns and the progradatlon of proxnmal

‘seque‘nce‘s over more distal sequences, resultmg, in a dlstal to proxnmal

1

2 This assumes that in an aggradmg situation, "facies occurrmg ina conformable vertncal

sequence were formed in laterally adjacent environments and that facies'in vertical
(gradational) contact must be the product of geographlcally nelghbourlng environments.”

. (Reading 1878, p 4)
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coarsening—upwards #ucceési\Fn.

The above example, and the preé.ent grain—size étudy, illustrate that widely
differing successions may ‘_result over a relatively short distance within a braided river
valley fill. In foreland molasse alluvium, as a result of its piedmont setting, no such
complicating effects would be evident. It should also be noted that ancient gravelly
alluvium often accumulated Withbut glacial influence’.and the grain size patterns
demonstrated in this previously glaciated catchment may not be rephcated Whilst the
comments here have $een directed towards the mt;rpretatnon of trends in vertncal
sequences, the statements are equally apphcable to the palaeogeographncal interpretation
" of, for instance, post-glacial deposits of a‘lluvi‘um In conclusion the reéﬁlts o'utlined in

this thesis show that proxnmal to distal mterpretuons of gravelly aliuvium, both ina -

strat:graphlc orina paieogeographlc sense,, should be used with caution:
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APPEND_IX 1 , '
o, o , . ' ‘ :
SRR TR o COBLAN PROGRAM. WRITTEN BY M. CHURCH (1970), MODIFIED BY M. DAWSON (1982)
r2 C PROGRAM CALCULATES MEAN SIZE OF A,B.C AXES, CAILLEUX ROUNDNESS, MODIFIED

3 c "CAILLEUX FLATNESS, MAXIMUM PROJECTION SPHERICITY. AND 2ND, 3RD, 4TH-
4 c MOMENTS OF THESE MEASURES. OUTPUT INCLUDES RANKED (B AXIS- SIZE) TABLE
5 C ° = OF INDIVIDUAL CLAST CHARACTERISTICS: FREQUENCY DISTRIBUTION AND. . = .
6 C " CUMULATIVE FREQUENCY {OF SAMPLE MEASURES; MEAN SIZE OF A SPECIFIED
7 .C _'NUMBER OF LARGE' COBBLES; MEDIAN GRAIN 'SIZE AND TRASK SORTING. ZINGG
8 o SHAPE AND ROCK TYPE ARE CLASSIFIED.
9 C LIMITATIONS: CLASTE SHOULD HAVE A B-AXIS' sxze GREATER THAN 2MM.

c. : MAXIMUM SAMPLE SIZE 250 CLASTS. 4 o

c DATA  DECK ASSEMBLY. Jaat

c 1)FORMAT CARD FOR DkTA WHICH MUST BE COMMON

[ RUN . }

C 2)HEAD CARD WITH NAME OF SAMPLE IN ‘A6 (coL

C . (N)_'IN 14 (COLS 9-12), AND X LARGEST 7O BE %

€. © (CoLS 13%15). OPTIONAL CONVERSION TO-PHI- MEA

c MAIN SAMPLE PARAMETERS IF COL 17 IS NON-ZERGY

ce _ 3)DATA CARDS, 1 FOR EACH CLAST IN EACH SAMPLELS

o . AR, COAXES AND MINIM 3 W5 CURVATURE (MM)

DIMENSION FMT(12) .NO(X 0),17(250)

DIMENSION DIST(8),CUDI % ,bsT(1o 3).1TYP(5,10),XTYP(9)"
DIMENSION SUM(6,4), X AN : c o S
READAS, 1)FMT

1 FORMAT(12A4) o A - =
47 . READ(S’, 2)NAME N, NBIG 1% % ‘ .
2 ' FORMAT(A6,2X,I14,13,1X, L#) g v

TF(N.EQ.0)GO TO 101 ..¥ 7oiy v" b

S WRITE(6,3)NAME N - o
;3 7 FORMAT(1H1, 12HSAMPLE NO. - |AB6, 1ox 13HSAMPLE: SIZE =.14)
WRITE(G, 17)
17 OFORMAT(1HO 40x, 39HSAMPLE RANKED BY INTERMEDIATE AXIS SI1Z2E/
1'RANK -~ SAMPLE NO. .. A AXIS B AXIS C AXIS. ‘,
27 ROUNDNESS FLATNESS . SPHERICITY -~ TYPE" /). .
0O 5. I=1,9 . . , . '
5 . DIST(I)=0.0 : o R
: DO 6 I=1,6 - ’ . ' =
. ‘DO. 6 J=1,4 '
6 SUM (1,u)=0.0 o ‘ : _
DO 7 1=1,10 . : o . : .
: DO 4 K=1,5 - e :
4 ITYP(K,1)=0
DO 7 J=1,3
7 PDIST(T, u) 0.0 , ‘ '
.C. . 'READ DATA, CALCULATE PARAMETERS FORM sums AND DISTRIBUTIONS
DO 8 .J=1,N
; “~§%ﬁo(s FMT)NO(J) (D(I oy, =1, 4y, ICh
CALL  RANK{D,NO,IT, N) ,a -
© DO 11.d=1,N B ‘ ] : ,
D(4,U)=(2.0*D(4, u))/D(1 u) e oo , ‘ N
D(5,J)=(2.0*0(3,4))/(D(1,0)+D(2,J)) . .
D(6,U)=((D(3, V) *0(3, d))/(o(x J)*D(2,U)))**0. 333333
... DD 45 1=1,6"
L SUM(I,1)= SUM(1, 1)+0(1 u) _ B
X2=0(L,J)*D(I,d)&D . : ' .
SUM(1.2)=SUM(T, 2)+x2 ’ T

“X3=X2*D (1Y)

‘ © SUM(T, 38ksuM(T, 3)+x3 o 0T o .

Y X4=X3*D (). L c , B

15 SUM(1,4)= UM(I 4)+x4 : e e v S
DIv=4.0 ' c _ .. o

- &F



14
127

43
49

18

.94 .

10

92

11

131

132

I=1 ,
L IF(DIV-D(2, u))12 12,13 :
I=I+1 _ : C
IF(1.EQ.9)GO T0 13 . B »
DIV=DIV*2.0
GO TO 14
DIST(1)= 0157(1)+1 o .
DO 94 1=4,6 : ‘ , ) .
D1=0.1 . : :

.

e : : ‘
IF(DI-D(I, d))49 49,18 §§'
L=L+1
IF(L.EQ.10)GO TO 18
.D1=DI+0.1 ,
GO TO 43 :
K=I-3 ’ : : .
POIST(L.K)= PD!ST(L K)+1 0 R .

" WRITE(6,91)J,NO(J), (D(F,J) . 1=1,6),1T(J)

FORMAT(1IH ,14,6X,14,6X, 3(4x F8.1), 3(9x FS 3) 9x,'12)
K=1T(J) ,
ZING1=D(2.U)/D{1, a)
ZING2=D(3,Uy/D(2,J) .
IF(ZING1.GT.0.666667)G0 TO 9
IF(ZING2.GT.0.666667)G0 TO 10 ‘
ITYP(1,K)=ITYP(1,K)+1 . g
GO TO- 11 : : Co
ITYP(2.K)=1TYP(2, K)+1

GO TO 14 =
1F(ZING2.GT.0.666667)G0 TO 92.
ITYP(4,K)=ITYP(4,K)+1 - o
GO TO. 11 ' ' ' B
ITYP(3,¥EaITYP(3 ,K)+1 S ' ' g W
CONT INUE . . o . ' ‘ﬁﬁ
D0 13f.JU=1,9 L on :
DO 131 I=1,4 ° . o
ITYP(5.U)= ITYP(5,d)+1TYP(I, @) e '
DO 132 I=1.,5 - T
DO 132 J=1,9 o _ T i~
ITYP(I,10)=ITYP(I,10)+ITYP(I J) .

CALCULATION AND PRINT OUT OF - MOMENTS.

4

—_—

WRITE(6,20) - L .
'FORMAT ( 1HO, 58X, 15HMOMENT MEASURES) ‘ X
CEN=N : R 7
EN{=EN-1.0 "

DO 21 1=1.6 R |-
CXMO(I,1)= sum(x 1) /EN

© XM=XMO(I, 1)*XMO(I,1) S '
U XMO(1,2)=(SUM(T,2)-EN*XM)/ENT 5 .

XM0(1,3)= SQRT(XMO(I 2))

'OXMO(I,4)=(EN*(SUM(I.3)-3, O;SUM(I 2)‘XMO(I 1)+(2 O‘EN)‘XMO(I 1)‘XM)'),
1)/ (XMO(1,2)*xXMO(1,3)*(EN-270) *ENY)
OXMO(1,5)=(EN*((EN+1.0)*(SUM(I,4)-4.0*SUM(T, 3)+XMO(1, 1)46. O'SUM(I 2) .

1) *XM-3 . O*EN*XM*XM))-(3.0*XMO (1, 2)*xMD(T, 2)‘EN1*EN1*EN1))/(XMO(I 2)
3*XMO(1.2)*EN1*(EN-2.0)*(EN-3:0)) . : : .
WRITE(6.22)(XMO(1,1),1=1,6) i : . o . h
FORMAT ( 1HO, 4HMEAN, 16X, a(ax F8.3), 3(9x F5.3)) o
WRITE(6,23)(%M0(1,2),1=1,86) :

FORMAT ( 1HO, BHVARTANCE , 12X ,3F 12.3,3F 14 . 3)
WRITE(6,24)(XM0(1,3),1=1,6)

FORMAT(!HO 1BHSTANDARD DEVIATION 2x, 3F12 3 3F14.3)

+

o - B 1715

..

-



122
123
124
125
126
127
128
129

195

- 180

181

25

26
3

48

27

’ 16

50

36

' CUDIST(1)=DIST(1)+CUDIST(U)

. DO 28 J=1,3
. PDIST(1,U)=PDIST(I,J)/EN

172

.

WRITE(G. 25)(XMO(I 4),1=1,6)

FORMAT ( 1HO, 1.7HSTANDARD SKEWNESS 3X,3F12. 3 BF‘A 3}
WRITE(6,26)(XMO(1,5),1=1,6)

FORMAT( 1HO, 17THSTANDARD KURTOSIS,3X, 3F12 a, 3r14 3)
1F(IPHI .EQ.O0)GO TO 48 ;

CALL ' PHI(XMO) |

WRITE(6,27)
OFORMAT(////42X 35HSAMPLE DISTRIBUTION BY SIZE CLASSES/

(R ' . 2-4 4-8 WY 8-18 §6-32",
2+ 7 32-64 . e4-128" - 128-256 256-512 _- GT.512'/ ) =
WRITE(6,30)(DIST(1),1=1,8) - . :

FORMAT ( 1HO, OHF REQUENCY ,6X,9(4X,F7. 1))
DO 31 1=1,9 , . - .
DIST(1)= DIST(I)/EN : : s ‘ e

" UWRITE(6,32)(DIST(1),1=1,9)

“FORMAT.( 1HO, 17THPROPORTIONAL FREQ. 9(6x,Fs. 3))

SCUDEST(1)=DIST(1)
DO 33 1=2,9 R .

J=1-1 R

WRITE(6,34) (CUDIST(1),1=1,9) " . I T
FORMAT ( 1HO, 15HCUM. PROP. FREQ,2X,8(5X,F6.3)) - , =
WRITE(6,16) -
oFORMAT(////47x 26HDISTRIBUTION OF PARAMETERS//20X 98H 0.0-0.1 -0,
1-0.2 0.2-0.3 0.3-0.4..:0!4-0.5 0.5-0.6 . 0.6-0.7 '0.7-0.8
2 .0.8-0.9 0.9-1.0/) .
DO 28 1=1,10 ' o o N

WRITE(6,29)(PDIST(I,1),1=1,10)

FORMAT(1HO. 9HROUNDNESS.8X,10(5X,F5.3)) 3 f““\\\ :
WRITE(6,50)(PDIST(1,2),1=1,10) : /’ ey, .
FORMAT ( 1HO, BHFLATNESS 9x, 10(5X.F5.3)) - : %m% . ,//
WRITE(6.40)(PDIST(1.3),1=1,10) ~ . S e

© FORMAT(1HO, 1OHSPHERICITY,7X,10(5X, F5. 3)) . : N
COMPUTE MEAN OF THE 20 LARGEST CLASTS :
SUMBIG=0.0
00 35 I1=1,NBIG . : .. ,

. SUMBIG= SUMBIG+D(2, x) : V.
ENBIG=NBIG _ ‘

XMNB1G=SUMBIG/ENBIG
WRITE(6,36)NBIG,XMNBIG o .
FORMAT(////8H MEAN OF 14, 18H LARGEST COBBLES =,FB.3,3H MM)
.OPTIONAL PERCENTILE ANALYSIS FOR TRASK COEFFICIENT :
"ENCH=EN*0. 25 . N o,
" NCH=N/4" '
ENC=NCH

- REF=ENCH-ENC. -

IF(REF.LT.0.24)G0 10 140

IF(REF.LT.0.49)G0 TO 141 -,

IF(REF.LT.O. 74)30 TO 143

N2=(N+1)/2 S .

DM=D(2,N2) ,

N4=(N+1)/4 ' S ‘ : .

Q1=D(2,N4)

NG6=N2+N4
Q3=D(2,N6)
GO TO 142
N2=N/2
N4=N/4



182
183
184
185.
186
187
188
189
180
191
192

., 193
L4843 T
1195

196
197
198
189
200
201
202

203"

204
205
206
207
208
209

- 210
211

212
213
244
5
216
217
218
219
220
221
225
223
224
225
226

227
228"

‘230

231

232°

233
234

235 -
236

237

238
239

241

141

» 3

143

142

37

38

39.

L 41

< 45,

46

101

8t

173

N3= N2+1
DM=(D(2, N2)+D(2, N3))/2 o}

" N5=N4+ 4

Q1=(3.0*D(2, N4)+D(2 N5))/4 o . g
NG6=N2+N4' ) '
N7=NG+1

. Q3=(D(2,N6)+3.0*D(2, N7))/4 o

GO TO 142 .
N2=(N+1)/2 . . .
pDM=0(2, N2) : - o

N4 =N/ 450 o0
NE=N4+ 1 e .

Q1=0.5%D(2, N3)+O 5*0(2 N5)

N6=N2+N4

N7=NG+ 1 ,

Q3=0.5*D(2, N6)+O 5+D(2,N7) -

GO 18 #42 .

N2=R/2 : ‘ , : i
N3= N¢*1 : : -
DM=0% 5+D (2, N2)+0. 5*0(2 N3)

‘N4=N/4_ -

N5=Ng+31 "

Q¥=0.25*D(2, N4)+o 75*D(2, Ns)

NS=N2+N4

N7=N6+1

Q370.75*D(2,N6)+0. 25*0(2 N7)

GO TO 142

QR=Q1/Q3

TR=SQRT{(QR)

WRITE(6,37)DM

FORMAT ( 1HO.2YHMEDIAN COBBLE SIZE 15,F8.3, aH MM)

" WRITE(6,38)TR

FORMAT (1HO, 28HTRASK SORTING COEFFICIENT IS.FB. 3)
WRITE(6,39) : _
FORMAT(//// 15X, 29HSHAPE AND TYPE CLASSIFICATION/62H TYPE . - R B

1 2 3 4 5 6 . 7 8 9 TOTAL /12H ZINGG SHAPE)

RITE(G a1)((ITYP(1,d),U= 1 10),1=1,5)

FORMAT ( 1HO,5HBLADE, 3X, 1015/7HOROLLER 2X 1015/9HOSPHEROID 1015/
1SHODISC, 4X, 1015/GHOTOTAL 3x, 1015) X ) -
Do 45 1=1,9 - -

XTYP(1)= ITYP(5,1)
XTYP(I):XTYP(])/EN
WRITE(6,46)(XTYP(1),1=1,9)
FORMAT ( 1HO, 9HFREQUENCY , 9F5 2)
GO 10 47 ‘

CONTINUE ) .
sTOP

R

- END

SUBROUTINE RANK(D2,NO2,IT2,N) .

DIMENSION D(6,250), D2(G 250) ,NG(250) , NO2(250) IT(250) IT2(250)
DO 82 I=1,N

BIG=0.0 -

DO 81 J&1,N

1F(D2(2,J) :LE.BIG)GO TO 81

B1G=D2(2,9) p ,

K=J o - o

CONT INUE : - :

'D(2,1)=BIG

“NO(I)ENO2(K) - L ’,'. o

1T(1)=172(K) : o



242
243,
24@:,,
245+
246
247
248
249
250
251
252
253

. 254.
255
256
257
258
259
260
261
262 :
263 “
264
265
1266 g
267

) 268

End of file

.82

83

61

62

63

65

66

Gi(1,1)=D2(1.K) -
D(3,1)=D2(3.K)
D(4,1)=D2(4,K)
D2(2,K)=0.0

DO 83 J=1,N
NO2(J}=NO(J) -
IT2(J)=1T(J)

DO B3 1=1,4
D2(1,J)=D(1.J)
RETURN |

END

SUBROUTINE PHI(XMO)
DIMENSION XMO(6,5)
DO 61 I=1,6

_XMO(1,4)=xMO0(1,4)/6.0

XMO(1,1)=-(ALOG(XMO(I,1))*1.443)
XMO(1,3)=-(ALOG(XMO(I,3))*1.443)

WRITE(6,62)

FORMAT( 1HO, 44X, 31HPHI STATISTICAL MOMENT MEASURES)

WRITE(6, 63)(XMO(I 1),1= :
FORMAT ( 1HO, 4HMEAN, 16X, 3(ex F6.3),3(8X,F6.3))

WRITE(6,65)(XM0(1:3),1=1,6)

FORMAT( 1HO, 13HPHI DEVIATION;7X,.3F12.3,3F14.3)

WRITE(6,66)(XMO(1,4),1=1,6)

_FORMAT(1HO 12HPHI SKEWNESS 8X,3F12.3,3F 14, 3)
RETURN

END

. —
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APPENDIX 2 . e

PROGRAM ADAPTED.BY M. DAWSON FROM ORIGINAL WRITTEN BY M. CHURCH (1970).

1 c
2 c PROGRAM CALCULATES PHI MEAN SIZE OF A,B,C AXES AND 2ND, 3RD, 4TH
3 c MOMENTS. CONVERTS ORIGINAL MM MEASUREMENTS OF INDIVIDUAL CLASTS INTO
4 c PHI SIZES BY THE CONVERSION LOG (NORMAL) B (GRAIN SIZE) * 1.443,
5 c OUTPUT ALSO INCLUDES VALUES FOR ROUNDNESS, FLATNESS, SPHERICITY IN
6 C PHI MEASUREMENTS. .
7 c FOR LIMITATIONS AND DATA INPUT PLEASE SEE LISTING OF THE MAIN PROGRAM.
8 : DIMENSION FMT(12),N0(250).D(6,250),1T7(250)
9 ] . DIMENSION SUM(s&, 4) XmMo(6,5)
10 READ(5, 1)FMT ‘
11 1 FORMAT(12A4) - ‘
12 47 - READ(5,2)NAME N’ ' Fd
13 2 FORMAT(A6,2X, 14, 5X) ’ -
14 IF(N.EQ.0)GO TO 101
15 : " WRITE(6,3)NAME,N . .
16 3 FORMAT( 1H1{, 12HSAMPLE NO. LA6, 10X, 13HSAMPLE SIZE =,14)
17 . D0 6-1=1,6 : ‘
18 DO 6 uU=1,4 Ly - ‘ : \
19 6. SUM(I,J)=0:0~._ . : '
20 : 0O 8 U=1,N e .
21 READ(S, FMTINO(U) . (D(I\d) I=1.4).17()
22 DO, 300 1I<1,4
e 23 300 D(11, d)~‘-(ALOG(D(II u))*‘ 443)
24 'D(4,J)=(2.0*D(4,4))/D(1,J)
25 " : D(5.4)=(2.0*D(3,Y))/(D(1,U)+D(2,4))
26 ' D(6,J)=((D(2,J)*D(3, d))/(0(1 J)*D(1,J)))*0.3333
27 DO 15 I=1,6
28 Je 0 sum(I,1)= SUM(I 1)+0(1, u)
29 g ©X2s= D(I J)*D(T )
30 SUM(TI,2)=SUM(I}2)+X2 -
314 . X3=X2*D(1.J) A g F .
32 © SUM(1,3)=SUM(I,3)+X3 3 ’
33 © x4=x3+D{1,) . ; : e
34 . 15 SUM(I,4)= sum(r;4}+x4 ..
35 8 © CONTINUE .
36 WRFTE(6,20). . : o
37 20  OFORMAT(1HO,50X, ISHMOMENT MEASURES// .
as 1 . ' - A-AXIS - B-AXIS " CTAXIS‘,
as 2 " ROUNDNESS FLATNESS SPHERICITY /) .
40 . ) EN’=N . { . . »
41 ' EN1=EN-1.10 ' :
42 : DO 21 1=1,6
43 XMO(I,1)=SuUM(1, 1)/EN
a4 - XM=XMO(1I, 1)*XMO(I 1) :
45 XMO(1,2)=(SUM(T,2)-EN*XM)/ENT R ,
46 . < XMO(1,3)=SQRT(XMO(I,2)) - o ,
47 | OXMO(I,4)=(EN*(SUM(T,3)-3.0*SUM(I,2)*XMO(T 1)+ (2.0%EN) *XMO(1 , 1) *XM)
a8 . 1)/(XMO(I,2)*XMO(1,3)*(EN-2.0)*EN1) .
49 21" OXMO(1,5)=(EN*((EN+1.0)*{SUM(I,4)-4.0*SUM(T, 3)*XMO(I 1)
50 ' 1+6.0*SUM(T,2)*XM-3.0*EN*XM*XM) ) -(3.0*XMOC T ,2) *XMO(1,2)
51 CU3*ENT*EN1*EN1))/(XMO(I,2)*XMO(I, 2)*EN1‘(EN-2 0)*(EN-3.0))
52 . WRITE(6,22) (XMO(I,1),1=4,6)
53" 22 -~ FORMAT ( 1HO, 4HMEAN, 16X, 3(4x F8.3), 3(9x F5.3))
54 ' WRITE(6,23)(XMO(1,2),I=1, 6) '
55, - 23 . FORMAT ( 1HO, BHVARIANCE , 12X ,3F 12.3,3F 14.3). -
56 . : . WRITE(6,24)(XMO(1,3),1=1,6)
57 . . 24 FORMAT ( 1HO, 1BHSTANDARD DEVIATION,2X.3F12.3, 3r14 3)
58 - WRITE(6,25) (XMO(I,4),.=1;6) _
59 25 FORMAT ( 1HO, 17HSTANDARD SKEWNESST3X,3F12. 3 3F14.3)
. 60 . - WRITE(6,26)(XMO(I,5),1=1,6)
61 .26 - FORMAT ( 1HO, 17HSTANDARD KURTOSIS 3X,3F12.3,3F14.3)
62 104 CONTINUE
63 : sSToP
64 _END

End of file
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. 4
Mac Cammon formula fbr graphically derived mean grain size.
#5 + P15 + @25 + @35 + gas5 + @55 + #65 + @75 + #85 + ¢95
‘ R 10 _
SAMPLE TRIA.

Graphic Mean = -6.387¢ = B3.69mm i )

Moments Mean = -6.362¢ = 82.25mm

Difference = 0.025¢ = 1.44mm

SAMPLE T10A ’
3 ) \

Graphic Mean = -5. 5168 = 45.76mm . |

Moments Mean’'= -5 .523@ = 45.98mm )

Difference = "0.007¢ =. 0.22mm : . -

i | ] ‘
‘SAMPLE T20A , ' o : \
, |

Graphic Mean = -5.028 = 32.40mm o - :

Moments Mean = -5.018¢ = 32.40mm . o ‘ - :

Difference . = 0.002F = 0.05mm o . ’

‘ W
[ - o
SAMPLE T30A .

Graphic Mean = -5.201F = 36.78mm
i .~ Moments Mean = -5.254% = 38.16mm S :

‘Difference = (0.0537 = 1.38mm : : . o
 SAMPLE T40A \ ‘ ' : L e
. s ! \ B . B . - ) .

Graphic: Mean. = —\g.ss‘uf = 6.47mm ‘ '

Moments Mean = -2.866@ = 7.29mm

Difference = =  0.82mm

0.172¢8
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Réhults of Regrﬁ sion of Log. Mean Grnin Size on

nistance Downs tream
**“0*0&**#‘*‘00“v‘##‘t#t*t““*»##-‘***#t“"‘t.‘t*‘“‘0

p » - . »
. } . 2
Reach * R * R * Sig.
. * . *
R s I T mMmmImnmMmmImImMmMmITIIIOoyo
- - ' * L]

PO . - -

-9.889'2‘ * 0.79053 * . 0.00 b

» L . B

oProximal
Medial

Distal
: \ - . »*
#t**t*‘i’*‘**t* \t;it#1‘*‘##**‘A\ﬁt*‘l*t*tﬁt#*‘@t*#tﬁi*#‘**
. * - Seoat

-0.89866 * 0.80759. ¢  0.00

* *
-~ & -

* *

Inter
Fan

* T
~0.75186 * 0.5654% * 0.00

R b * .

Proximal

R R E R R E T

! \
Sk R Rk o K o ke ok kK ok ok vk ke ok s ok o Ok ko sk ok sk kol ok o R ko ok ok o ok K ok ok R o sk ko Kok Kk K

k3
*
*
*
*
»
*
L3
. * ‘
N A N MmO
. *
*
*
*
* * o e
*
*
*
*
*

IR R R B I R R N ST B N R TEE B I R NP R SN JEE I AR 2 3

#t**‘*tt***#**t#**tti**ttttt##t*t*t*i*#**t*ttt**t*/ttt#*tt

*
* Medial - -0.71036 * - 0.51892 * . 0.00
* - L . * ! n
*t(tt:g}x*m:**** e InImnmnmmnmmmmIII I
* s . o L *
* Distal -0.90478 * ° 0.81865 /*  0.00
* . * | * i * B} . .
*t}tliy*t*f:t*y******mtww***ttt*ttt*:*:;a‘t**}t*ti*ttt*t
* : ' N o T )
¥ "LIMESTONES *!
B N T T TR g
* ; ’ x . * : * ‘f . ¥
* Proximal LR - : o .
* . Medial * -0.89450 * 0.80174 . * 0.00 J*
* Distal * * * . : * *
* * * ) > >
o kK ok ok ok R R R K HOR KCR Rk Kk R K A R K kK R R K K R Kk kA
* * * * : *
* . inter * -0.87335 *=-=0:76274 * 0.00 *
* Fan * S . . * *
. ro- " . ' Lo : * .o
vt*;**ig*ttt#*#*t?t*tﬂ*#f&ﬁt*tﬂ#t*t*tittﬁ**tttt*tt**t * kK
| * : A ; « « \ .
* Proximal : * -0.76274 * 0.5900t * Oigé\;QA*
- * ., . * ..

* [ * S * ) Y '/ )
- Medial * -0.73397 = 9,53891 x 0 o.oo'ﬂ *
* ' Y . * * *
ttt**tt*tt*t#tt*ﬂtttttt#*tttttt!tti**#*t*#t*t*i***t***tt*
* ' ' R * : ,*’ . *
+  Distal  * -0.89890 * 0.80802 * /. 0.00 *
* - : * * * o -

S }
**‘*******ﬁ‘**t*’Q*t****"***t#***#}‘f’*****itﬁiﬁt-***#**’ttt*t
A e ' ‘ LT S ’

o - .
a4 B . PN
Bt .o .

70




- ) " B . : " . - N . r
‘ . :
. N il S =
. \
; . Lo
o e gt .
i ! I L
' /
' ! . 1 * ' v
. vI,‘ - "
. , ; .
g Y . .
i . 3 B
. E - ' |
N L )
. & —_
. [ Lo - e
' sk R ok ok ke ke ok R R kR Rk kR R A KR R R AR KAk R R kR Ak R kR Rk AN
/ " " ; ) ; . i .
. - : . . e . . L .

s

wo DR

2k
*

e

) *
R
e

*

v L

. Iy
*
‘&

*

.

ek

R ) ; ) y
A o K o R R R R R KK K KR R ko K R R R R R R

g #hoximal
‘ Medial
Distal

ok R R Kk K K

N

L Irfter 7
VFan S

_//Prgxﬂmatf

;'Medié]

P

' Dista)

FETR R W

* % #

- ¢’ . QUARTZITIC COMPONENT .~ '~ ..~ -}

j'*k*y********t*t##*#**t**yitt*aiﬁ##*yﬁ#ttt}ytt&5;*;**gx#f

*

ook

*

*
i

*"

*

%
'rq*kwbt*tmyw*&itw*t
Dok

ok

'{'_ﬁndximal
B Mediat
_Distal

WA K K K R kK

Cpistals |

*,

kK L
;*tt*t%&it*kw#ttt**#?Q;émyt
R o X . L :
*
: T _ ‘
'mii*ti*m***t&x*y§i}f&}¥&}£i*r

e H o e

.

'y B ) *',(

S : L . ‘.
+-0,/B6TB3 1 * - 0.T75312 *

R ROPANEE R N o :

***fﬁk*&*fﬁt*éQg*tf§;§¥h*¢*t*t%tytt:*(m

- * :

-0.86983 *  0.75661 =

0.00

: * S *
B g kL L e

- » i:o-_QQ .

B

. N 3 EA R ¥ :
. -0.55442° % .0.3Q738. %

* R

01006

R R R s e ]
i . . S - K Sl

- v T *‘“ut”. SN : . R
_::0.629531'*4;'0,;g530:».

o * .0 . _‘.; . L
20.90051 % - :0.84091 . % 0.00 . . *
. [ ; E

TET

IR L R R e R T

;7 _QUARTZITES

A kR R KRR R K K R K R R kR K R R R
L. FORER Ck N N RN . " . L y

A

T

DA W

ot . *v“
i T i : *
¢ 0:63847. " 0 o
Lo T D LTk
*o v

*

*.°

-0.8014 - x

Y -
. s
< BRSERER
IR o
: Sy -
v . " N
. 5
. o«
-
3 ‘. “ :
RS ; i .
\ N H - o
' ) »

R S A I O "- #* * R W {* *

*

. g S e

e

*

‘ » *
KRR K KR R KR R K KR R kR




-

Svnjal:l‘::SampIe:" i

*\gﬁﬁmwMMw'ﬁfoa*W\Wm”f=“ T w

f Large Sample N>3O *  ol : s S

e B - BL U
ZB Q- szs L

\ o s%p. .- SZYX/(n-l)SX
e EN

o \S\ Y X'= Res»dual Mean Square Error

‘ " A ZX = Sample Varlance :

Cenel B ' Siope of. Regressnon
S .

P

*A'B‘i‘Q __.l . es.tnmated dlfference between slope

P
W

o .S i - B L L= Estnmate of the standard dewat:on of the :

b

A = 2) s2 Y Xy + (n

nQ nL 4 AT

. 180

Where - R L ST O N



Looae

| Quartzitic Corhpohent vs Limestones LT e :
SRS ey U e il';i'.‘%"
: ' Proxnmal \dlal and Dlstal R o

g Large SaMpIe N= - 88.
“Q-,-w,fifHS? BiVQl ‘0. oozé6609 _;if»@”iﬂ/ U "".- S
| ” vfsirgiL - 019Q23989nv " | : |

ST G - L¥*{Bi9;ww»fa;”o;oooézjzfv
R | /BlL < .:.__.0-;0002149“‘ - |

Medml N S o ’f*_f¢ T e e T
i Large Sample N= 34 S R S

- fB.”Q;p ‘0. 01893 f'f_f;:f:fy’L BT SOR R

O N ;”;stg‘ip°7 o. 01448

“‘}j~ 0. 000244'1; o

T R - L-Vfggz 0. 000178<lvu
/ Haccepted 72;: 7 = »f?j ];v,,\‘»_ AL e

=
X

Large Sample N 31 R, N ‘
e ‘L'r;~’ﬁ;;;;':77’;*x-i s% 5] Q 0. 006527

N s B Lv o 0066095

. 6

:;‘fBiiﬁlfj; 0. 0005899 }7f’"11'1,5"1."if'5
el B e

Lz L= 00039174 < Zige o

L S e ed S A TR T



Proxumal _ S Co AR
9 ﬂ SmaHSmnme N 24 ]TfVﬁk:f:7"~ V.{‘ aoe
g -fo“i =Y 03646
zr/ - ,;.“' v ‘='
B

- H,actepted. " ..o PR

lnterfan el L S I T S,

Small Sample N = 14
SRRt Y X jjf Q.02348 5\-,j~' j<.Ef‘ B N
32 B Q N B L 0 04069 | ',]; o

N T B "O 001885 < crlt - ._ ‘: R

PR : PR EEN ..

H, ‘ag(:e_pt_e:'d."_‘ RETEY B e O e

SEE T

" True Quartzites vs-Limestones - <+

Prox:mal Medual and Dlstal e » : ‘ 7 ”1 , S
| ngeSmnMe NQ - 50. NL-88 L e e

0. 00235 ;&

~.-|| '

R

. .

i
wn
tt
il

'[”5 <. 0023089 S e

=
Ik,

0. 000253?51‘5"3:*‘;“‘;;.- i

/
[
II

o, 000215;i$7

A
PR

i i oz »_=--_'0‘. 0'0'052"7"'_ STl

" Hyaccepted. -



. ’ V‘w K3 ) N ‘ ' . » . . ; ) 183

i“ A\ “_-15‘ L ) ) t -»~v
' a | : Y geSample,‘Nd = 18[-NL = 31 ~ -

,0.011018 . - - IR
N ) st 0.0066095 - ..t - X

L]

R K . 0.006618

B,L
e R . -+ ’ . . :
L ==0.001072 < Zeyge

K

e

- 0.0005899 .




a0

<

z'.J
-
T

2

£ ¢ . .. APPENDIXG.

B NS . ) r‘

DIMINUTION AND ABRASION COEFF!CIENTS FROM EXPERIMENTS AND - FIELD
+ OBSERVATION (IN PART AFTER SHAW'AND KELLERHALS IN PRESS)

"**#**tt*#***i#*‘\**t*tt***#*‘t*i***‘***#*t***t*tt***k*#*‘*ﬁt‘#ﬁtt#i

* . . ;' * . * ST * *
T Source s Material  * | Km L Notéé *
* , E * * R o*x , *
**:t***#***‘*i****'*****&#‘*#i*‘*i"*\il‘l*l‘l!‘t***t*l‘**lﬂt**#t*t;t**#t***
* L ABRASION EXPERIMENTS e 4 T
L% ’ . Lo *
©* - Daubree - .o* . * * . *
* (in Pettijohn * granite . * ~0,00036 - *. abrasion mill *
* 1957) * S e 0.0013" * e
* Krumbein 1944 * -limestone. '* 0.010 - * ‘abrasfon mill *
*  Wentworth; 1918 * - limestone * 0.0008  * -abrasjon mill *
* .Marshall, 1927 * . greywacke *  -0.,00014 *  abrasion mill *
“* - schokd 14sch, o ’ » B Lk , *
% 1930—&1 Graf\ *  marly | 4+ 0.00167. . * abrasion mill *
* - : 1971& .. limestone . x '~ e T
* s ‘ * - 1imestone® *. 0.00100 L o *
* . . *. dolomite = * 0.00083 "* *
. * ,*y quartz. L% 0.00033 .. > ,, *
* - * . gneiss/ * 0.00050 - * . . ‘ *
o g * .granite * . 0.00020 *. o o o+
J* A amphibolite'* 10.00035 - * L Sk
TR FE I R o “0.00020 * . .o B
* Y Kuenen, 1956 » * quartzite *. 1 0.00006 * ‘circular flume *
o fv R * 4 * ' cement floor *
* * quartz * Lk
* o compact ) * kL0 }V *
v * limestone *’ e *
* " * compact C* & *
* * “Vimestone *° L *
* ’ * - flint * * .circular. flumé *
ok LR . M * pebbly floon - *
* e ¥ quartzite 1. *. . * .various.. PRRY.
> : ool ‘ﬁ'_* ", .. * velocities *
B ' * * . * ‘various seds. *
o N * . o * . .o % -in'suspension *
. . *,quartzite.2 *  0.0003 * *,
Cow * .ghartz . %, -0.0004 * *
L * “siliceous . '* ' '0.0015 * *
* >* 1imestone " * .’ . * *
T ~* limestone- '+ .0.0032 . * *
L *... gneiss * 00,0022 % : Lk
* s quartz1te 1 0.0003 * . circular flume *
* . * T S % .pebbly floor '*
¥ *. quartzite 2.* -0.0005 ;= *'pebble velocity *
I hE LI . % 113 'cm/sec, . *
i . quahtz ¥ 0.00037 kot s
- I * .greywacke * 70:.0011 * : *
* L 2o oxognedss * 2 0.0026 7 * . ro *
.* 'Bradley; 1970 % quartz ' * 0.00028 + *  Kuenen-type < .*
S e . EEER Sl :cihcuvaf\{lume *
* * fresh granite* {1'0.00031 * o .o
*. “* weathered - .-*!/.0.0042 * *
* o Pk ’ granite * . o . . *
***#‘**4**#*‘*****jt**tti**t*#*t*******i*#******#&#**!*#*t*t*t#t##t

.. o

- )‘l-,b.
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b ‘
?1 ***#t#***#ﬁt**#**ﬁ##*#**#**#ﬁ*#ﬁ*’*Aﬂ ""h&:f&"?'ﬂ*)t**#**t#*#t###
e

‘i\*‘ _ * fresh gneigs W“B, *
C * e o - % weathered i % . ik ) , *
I - *. - - *, el o: ? ¥ . LA T
{ ’ * N A gneiss . “ﬁﬁ“\ i S .
: t**i***#*##**l‘l'ﬁ****k**#*tft#*\:#*lit*t**lﬁ*t**t*!t*#*#***t*#***#*ﬁ*# &
* . . RIVERS : !
* . . A & . ! . *
K * Heine' in * Cox 0.0QG * River Mur mean * .}
* Leliavsky, 1966 * * ) % particle size * N
* * *  .0.00106° * River Mur max *
: o * ' o o* x0T ’ % particle size *
v * Sternberg (in * *  0.004 * River Rhine *
< * Leliavsky 1966) * * * reduction of *
e * * \ ‘ * * mean-particle * a
- | * * . ® * weight. *
a > * - * . 0.007 * . River Mur *
* i * - * 0.0085 * ‘River Ilter *
: *  Forcheimer (in * . * 0.018% * River Mur *
PN Graf 1971) . * o *(at Graz Austria)*
' . * schoklistch (in* ~ *  0.1054 * 'R, Gail, Austria* '
oo Graf. 1971) * .k , * - IR
* * %, 0.0230° * River Danube . *
* * *. C * (Austria) * N
' * -, - * * 0.0269 *  River Traun - *
< o * +., 0.937 x River Lech * : ,
* * * " .0.0098 * River Seine-  *
T A' : K * , * B * ~(Paris-Rouen) *
“* .Leopold, Wolman * ¥ 0.. 0327 . *" Rock Creek, * -
. % gnd Miller 1964 * . * o * -~Montanas D50 *
" _Hack 1957 k- : i*  0.0139 * Tye River, Va. * .
R x T P » [ . S, D50 * v
* Bradley 1970 *. - chert’, * . .0.00097 * Colorado River *
W . * L ' ¥ * ‘ : * Texas . *,
' * *, qg;rtz * 0.9015/ * mean B-axis of *
* * * * . coarsest 50 * )
* - * . * ‘stones *
R A o PR * 0.0028, * ' o *
S *+ Nordseth 1973 . * =~ C ¥ 0.148 * River Glomma, *
P o ’ - A LN * Norway. (Brajded)*’
Lo i o Cox * * D50 Gravel omly *.
T . * . Shaw and * * * Total sample D90O*
. * Kellerhals * o * * central reaches *
: * o in” press * * . : * in Alberta. . *
i * * * : © * Athabasca River. *
e * - % 0.00177  * Bow-South-Sas- *
. N L R ok ok . . * katchewan River. *
: SR e o : * 0 0.00182 *.North . *
. G o i e J_ * \Saskatchewan - * ;
. A N * A * River x '
B * % 'otooaoo + Red Deer River *
. e * "¢ . 0.00108° * ace River  .*
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