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.' Inth~Kicking Horse,~ Ri ver'_syst~mati~ changes' occur 7 
. . ' . 

, ~ ,", 
, , , 

- '~. 

" in bAr ,Iorn;s,from iipS:t~e~to; dm..ristreanl-r~acries •. ~ ,jri: h~gh' ". ,·1 '\ 

':g~adientcoa~s~~~rain~hp~'ti~locali:ti~~'flCN ;~ '~ollfin~d: '.: 
• '. , ; • - . . . ' . . ..' . " #. '" •••• > . '\', . , 

'. • ' ,',,'. • " ". • _ , \ , • • L' ",' 

:toone or .t..,omain channels whic.h h~Ve a 'somewhat meandering' 
-...... ,: ' .' ' .. ~""", . :.' " .-. "- ~ .... ' ..... : .. '. " ':'. , . :', ~, .. ";' .. ' ,.' "~~.':-' ": 

. to'. braided form. Bedload is 'transp6'cted:only' during m·axilnwn .. 
• -", ~ '. "L. • ~ • -: • '. • " • ... : ' 

flow. ~ndi tions~&diffusegl:avd.:. sii~e'ts; : III ::(CN~ gradient 
. , 

- . 

~, ... : ' . 
, ."::\ 

. , ,~ 

C" firi~-grained' medial· to diStal ,rea'ch~s flo~: ,2:3. c~fried 
\'an~sto~osing braided. channelbomple~~~wi ~he'xterisi:ve 

down, . " .. '. ' .. 

.' ,"'; : '--. .' ,~ ',-' .' , 
b.ar 

differences. in b~r-and-Channel mo~hologies· 
. . '. ~. . 

can be exiHai'nedas ,folloW:'.1 I~ up~tr.eam ~reaches , b~.rs· and 

channels' are relict from flood.flows, wher.e. lOwer summer .... 

deve lopmel'lt •. " These 
" 

.' • 0 

, 
floWs a1='e inco~petent 'to rework. the diffuse' 'sheets into true 

. . 
bars. 'In finer-grained re,aches bars develop from flood-

'depOsi'.t:ed 'diffuse sheets, ':where U'n,er sediment is winnowed out .\ 
. ',\,. 

under lover flows and. transporte,d as bar, lobes. . Signi ficant 
1"1"'- • or, . . . 

late!:"al exchange of fl~ be~w,een adjacent channel systems, ' 

10 

J: \ 

bfff.use· gravel sheets di~play little sediment-.sorti'ng 

produces a cOC:lplex ·bra1dedchannel. patte.rn • . , 

and no foreset dCv'e.l6pmen.t., Oepos i t!1l!re~assi ve pooriy ~orted 
.. ..--..... 

", ,. . '\ 

gravels • 
. - Exami.nation· of sorting on bar . .surfaC:e~, suggest ' 
""~-'. ' 

'.thatdiag~nAl 'bar deposits ... ·culd be lenticulAr fihirrg-upwai:d'~ 
.' , I 

.; , iii .. <. /' , 
,) 

, .......... 
, . ,.~'." 
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f~:; ',O~C~~~,I!.tve:9r~verS'·~1.t;h' .. ~~'.~~9J~:·tci·,~or~~orit,!t:1. ·b~d~i.'':Ici~~ .• ' :" .... , C •• ' 

i,:tit:U~~:t~ft,::t:::::4~:'~~:~1i!;1~:t;,.ni/::': . >" 
~',. ,Cto.~s.;.~~ratif i~d.,~~quenCes .:,< .. :: :,.'. ">.:.','.' ',:'. ...., .';; ">;.' 

~,;:'. ." :': ':. ~~ese~~iiiity. ()f~tra~A£c~~iO~;··~ypeS'·~~·t'~~t~'d.<:. -'.~, i,' 

1[·:. 'fr9in ,t,~(i!l.7h ~ect:.~nS ·.ln~~;:·Nor~·~~s~a,tcti~wan::Ri~r 5ugg'es t,' . " 
'!"'1\) o· ', •. - .. ' ..... ·l "": • " - ... : " •.. ":' '.':",'.,:.)'; ", : •• ",'. ',.;.. .... ,'-( 

., .... :',' .' 
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I •• , 

" 

~ ··that hor'izonat a 11;Y bedded mas~ive graVelS, are d·oininant:i'n<. 

~" medii~ ·t~''-d{·~~~i''f.ia~~.' .• R~ai~i~~/.~e~·~~nt~~~~:,~~'larg~lY .... ,: :.,.:'.' '; 
>::~ ... :,:.~. "'-,'" :'.' .... ::'.t, .. ·.~.",· .. • ~ .... "., ,", '''::·/~';:·!'.··'· '.' ' ." "{.'~."'. j 

. .1 
',: 

I 

I t:o~p~sedof .. f~~~il~~up~a~~ ·~n~4pl~~~:.«·~~iS~ .. ~S~·~~t,i,f~ed..9r,~vel~:. . "'":,, .:,·t 
m, ,'"; '. ~;:p.ro~imac:s~~~me·n:t'swc:u~~·,,~t·~~~s~~~~~i!1ed'POOrlY:'. " .' ".' 

~1·:·. lIortedmassive deposits .• ' <].jed,iil ~O:d~stilF: d.epostt~lolould , ." . .! 

~,:' .. ~,.pr;~qmi~~lltl~ 'ma~~'ive (due ~. ,ext~~~ive b~r dissection') ' .. , ", 
,~.,., ","'" ,'e,,' " ',. 

'-, 

I.:~i:~.<!i~'o.rdin~~ :~~~~o/ .~;nin~,~~p~arqand .~lanar.crC;~s •. . " 

~',~:s"t'r.p~i:!ie~, s~,l'!~enci'f: (assoC:i~~edwi,th bar migrat.io~!J).'·' . 
:t,1. ," • ".- • -, . ~ • , ' ' .• :. ,:. , , •• 
(&' Syste:natic ttan.si t,io.ns.:, (rom~· ill:,.c!e~,ined:il~.s.,in,-pr6x·imltl-· _. 
;;~ (', ~ ,:' : •• ~ .:" •• "'. " • • • • •• '.~ oil '. ." " '., ' , '. ~. " ,. 7 • ; 

" L.,~ 

:~ areas to tru'e ',b'ad . in di.st.al r;eaches,. sugg.e.st that mc:lSSiVEl 

.~\:' '1:' t d 1 . Shdu~d' de,crease d . ;le" cor .. ~:ponding· .;' 
~.'j".. POOt:. Y ,sor~, grave s' . ownv~ Y. ... . ~ 
~, ). ,. d . . 

~ ~o ,an in,crease In mOd~rately' S?t:~ted p!anar cross,-stranf~~d 
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.... ':. 

-:. :: " 

-in recent ye,ars many ,:",orkers, have .le,xamined the. 

.' 

sedime~tolOgy of. c<lars·e-gr~j.ned t:raided ~iv.ers. (Kr}."gstrOIll, ' .. 
• .' - ,', • . '.' '.:,. r.'l :.,,.:, _ " 

,1962 ~Fatuie~~'()C::K , '19l6J.' Mc::Donald and' Banerjee,; :1971:. 

~t:hrOyd,197~ ;~radley et al., 1972.;Ch~~h, 1972; Rust, 

Walker (19;41lolaS b~sed u~n s~dimCent f~cies.dist;ibut.~.ons 

in PJ.eistocene glaciofluvial deposits •. Most of the shallow 
• • • ! .. '.' , .' 

. " . ..' 
braided river inodels,. however, .have been solelY:l?ased ·upbn· 

patte~ns on outwash f~~t surfaces. 

5edimen'ta'i; fea . r~s associated; with','the d~~~nant gravel' 

~acie~ ~include'a;.~'~'s ./. e, . coars~n"i~g-up, fining'-up and cross-

Few studies' ·have tr.ied to correlate ' 

bar-~d-ch~n.nel deve'lo~ent, hydrology arid sed1:ment transport . . . "'. 

v.ttll these sedimentary 'sequences (Fahnestock ,. 19.63 ;.t- . Smith, 

1972, 19.74).- So:n~ whrkers.:~a";e .!Co~structed fades model~ 
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2 _. _.', • ::.": , 

. :' t .. 
.. ! ~: •....•............. ~. . •......•... ".... .'. .. . . .........• ~..... . . . . , ' 

~. . . ,.. . . .~-.:. -.... :,.. - '-, " .. . . . : .... 

f " .,." \: .'..:,'<\:::'.. .-
~~as~d': o~ P~O~,~~l-di~t~\tre~d~ln~ ::;fa~,edim~~a~y ',. 
~ .-: <."'"" --". .' ':., .... --....... \ .... , .... : " ... . 
r-: . . . I " " ,",. " ". I ~feature~ (.BlxIthro~d1, 19 7~ 'Rus~ ~ ~i721'·. These, features ,were 

~ examined onlY',dunng' low-f\o .... :exposed co~dit!ons;<himce,· 
l' ''''. - ... ,.- '" . . .'.~_. __ : ... ____ ::; . .:. _._ f'''---'- ~-~<:-, -'~---.;---.-:'~ .-~ .~-.. --: --'-:"--"'-'-:~""Y" , ~, ~ --.:.--.~ ... -';-:--, .'. 
~ the model .is'~Uit~ intex;pretive., ,.Due. to. the ~ny ',~rOl;?le~s:.: . 

~associa ted· with mapping . bars 'a",d . channels ,during high' . . '. 
~. 

. ."" 
. ~. . 

, .. ' 

,~ .-' 

f .- '. .'. . ",,', 'rJI , 

1 . discharges, . 'few previo·us.studies hav.e'documented?rocesses 
" :.. , .. ,.. . .. II .. '. . 
[·of br:lliding· in coa~se-gi-abedprolC;·iinal·are.as versusbz;aiding·· 
f.... . .~ . '. " . - ," J' ", ',", ..........:.. '. t •• , ::. : ..... '.' •• : • : •••• 

t ~rocesile.s ·.in ~more d.i.stlllfin~~grained reaches (Fahnestock·~'i 
.. ~. 

.OtherP'r9b1erriS with the shallow b'raided riVer codel 
. . . ~. - . . . '} ~ ". f' 1963)., 

; .'-

t .·include the actual preservability 'of "characteristid·· , . 
. . ,. . .' . 

,'. 

:. :.J. 

~sedi~'enta9' : features . and· th~irp6tentia.l,~f·· tieinginCQrpo;ated. , 
• # . ' .' • '. .._.. 

in. the ancient record~ -
", . 

-'" • • i", 

The primary object'ivi'of this project is to tr·y·, 

... 
t·· ". ')~'\. c . 

.·arid 4evelop a. r.1Odel ·for shaY~o~coarse-grained brai<;ied riv.er 

'dep9s1 ti~~: ;hiqh would' en~bl~. on~to _dist},ngui.sh proxima} 
'. J. ','. ".,..' 

versus di.~tal ~e~iments .. ,Th~ model i~ bas,ed upon (1), 

braiding patterns :in proximal UVersus distal areas; (2) 
. . .' ."'" .. . ~ 

sed~ent . sorti!)g. on individual b.ar~surface~, . from which a 

model for· the origins.of the gravelsequen~es.could 'be 
'. '.' . . . '. 

• 

proposed; and, (3J percentages' o.f seaim.entary sequences in· 

t'rench-section of, e~posed )3lJ.tWII.~h .·arElas. 
: .' . -- -, ...... . . 
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',,'. ,':.: ',~. \ .'::'.," . ".' :,'" .<': ..... 
f' stratifica'tionwere,investigatedin' terms', 

~'. " I' ,- _ ... 

;. 
~ . '. 

. 1.' ':. . '. ',~ , . ~' ,.. .' \' ", , 

I. I' '... " , _ \ -' .':. ' • . ". Ii', 

~of~bar-imd":cti.in " 'l-pat~ern:'e~~lution:; ~hYdrauricis-;')fbedl~acr-"-o~: 'rl'~---:--~ . 
• ...... , : '\....:' '. : ' .,,' . "-', . ," '.. . .' j.-

-; ~r.anspOrt' .wd bar ,migration ,anq' sorHng,of gravel on, bar ,I . , 
, : ': . ,: ,,_.-:.:, .. ,.... " '_".:. . \'- ;'. ,- . ':" "\, .. ~, . " ·-il,. 

,surfaces.. ',These 'studies were conduct!!d ,prunarily on· the' , . 

,lUcHng U~~s~ River ~utlolasti plain, with sypplementary : d.!ta " 

~btained ~rom the' Biit~' Cr~ef9ravt..lfi',at~;':' T~~~cur~:erice . ' 

~d' preservabi'li~y 'olf sedimen'taiy. se~~~~ces. int~~p~~t~d ' 
-. , • \ c_ \. . '<. - \~~ , . \ .. ~. 

froill'l;)a~ D~havlor:i,nthe, Kic:.'singUors,e '\R,iver and ~ath ,creeJ:t.,-

, were tlhen investigated in trenched cro~'s-sec~i.on'S' fre~n.t, 'f . '. " , , ~. ~ .. 
'exPosed S'hl1l~ow :br~idea river' gravel'Jfl~ts' ',of the 'orth:' 

• '. . ,I " .. . \... ,~'.' ~ . 

Saskatchew.an RiVer., BeCause' of ,the di'HicuJ,tyi:i renching' 

modern 'o'utwash s~diments. 'dlis 'inv~stiga\tion could only be" 
'" , ' .. , ' , " '\ '" 

conducted ,in one re'ar=h •. , In sulnmart, a model, is', suggested" 
I " I " ' 

, -, 

", 
( 

,-

, ,0" 

'for, shallow bI:..aided stream deposits incopfined proglacial '. .' 
,'.(alleytrain ,environments. 

-, ' 

. , 
• 

," 

, 
'! .' 

,.;" 

" .. ~ , 
1,,'-' 
,-, '.r"':·, 

.\ '. 

\ ' 

I ,I, 
\ ' 

, 
I' 

, 
".! .. ' 

. ,". 

.. 
" '/,' 
, , 

.''':" -

'~ ': 

, , 

-' 
__ '0 • 



. '. 

.. ... 
'. ' .. 

,:~:' . 

- . 

'. , 
. \. . . . .' " ....... 

:;' 

.- -. -
.... 
. •..... 

..... ' 
. ....... 

. ',' 

. . .:., 

','" . . . ,'. . '. '~,' . 

", ':', ,- ".' 

. . ) .. . . 

'. 

······1 . , .. 
',-, . 

",.- -,' " 

',; .,1

1

' 
Q: . .,'., • • '.' '", ",' 

4 - . " .... . , 
,,' .. , 

. . 

.~ .• ~ ... " . ,. . '. 

'. 
_ -' _'. ~oI, .-, 

. ': i . .' : '\ .... 
:. . :: '( : ,- . 

.:' .. \..\ . . ' , -. : . 

. ~ .. 
'. ~. .. 

. 
. ~ . 

~. .~. 

"\ 
'. ...... 

,' .. 
-.-----;----.... 

i , 
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.' 

L·.LOcATIO:-lS :i e ' .." , 

:.,?, .'.' ", "1 ~~" J._ til 
. . ,', 

',I . 

~'" ·.A:'Ces~t\mos~. 91aci~,r-fed rivers fn~e canad~an .. . 

;\.Rockies fscommonly difficult., lience, road ac'cess to outwash 

!.' flats':;a~ the main d,eciding: f~ct~;- inselectionb~stud;~' 
t··· areas ~ ... Two. major high~ays'.t.fa:nsverse the ParltRariges areas:. 
~ '. , . . . - I .' . - G '.' , '. " . 

~ .th,e;rilnscanada: high~ay (No .:1) and "the:C~l~ia-ICe'fiE;!ld~ 
~ 
:~ 
;,' highw'a'y-:(No\i\ 93). Tnes.e highways.br'sect se'vllraloutwash 

. ; . 

i. '.' . -~ J '\ 

'i:r~ve'r syster.ls .... hich .... er~ cleeme1.suitabl,,~ lor 'study:' .(1) the. \. 

i;, Kiclting ilorse' Rfver., in 'iQho ::ational Pa\-k near the townsite. /, 
• \1 • I 

: .. ~ ..... ,. • • ,I 

·ofFie!d, S;C.; (21' Bath Creek, .1nBan~i\:lational Park, 
'. . .'. 1 '. .' '." .'::' .. ' . ... r;~~ ·~·.':t,~ .. " . 

. . ~pproxi::lateli'? J:)iles. wes·t of thetown·slte·'oC Lake Louise., 
./ 

i Alta •• and (3) the'1;or:th Sask\ltche.w.an River', in B.anff :ia~ional 
1; . :.. 4 • • _ ~...... l" 

i. park,:~,~lt~ •.• appro'xi~~lY 11 miles southeast of the Banff- V 
.... 0 

, Jasper i;"htional Park' boUndary (Figures .1,2,3)" 

" 
\ Bar:':antl-channel braidin<] ~a.tterns and sedirne~t 

. . 

r: ! 
. .~ 

'('" " ,'" 

, 

." 
: .. 

• 

. . " , 
distributions were studi,ed in the Kicking Horse River, with. 

. .' 
Bupplementarydata oQtained from Bath C~eek. The Kicking 

HorSE;! . Ri,rer was thought to 'be an' id~al. location 'for a ·study 
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the following ,.J . ' . . ... ··;. ... ·r··· 

. '. .•.. '\". '" .' " ." 

(1) .. seve?a-i;-hddgesspan~the rfve,r~which'c:O~ld serve .. as ' 
'.. . . .-: ' ,-- " 

. . . ' . .-

, , 
. temporarygauglngstations; 
.. '.. .:'.'" ..... . " . 

, ' 

. (2), ·,.W~~ther st'ati,ons ar'e maintained by. YohoNational 
. ':'. \ 

" 
,. Park in.the Kicking, Horse Riirerar,ear" 

, .. " (. .,' 
• ~'.. . G ' .' • .' , ' • .l'/ . . . '. 

(3J,· . The river has. a wide range of swnmer discharges' 
- : .. "" ...... '. ". '.', .. ' .' '-,/ of/ '. ",.'. " " '., 

(N.SmitH/ 19?41which!are'-i~u,f~il~.l.~ fO~ 8tudyin~ ,,-,-_' 
., ". ' " . :,., I· ' .... ' . ::. ' 

,bar-and-chan,nel evoluti?n 9-urinq high' flows and .. '. , 
.' , • l:l ,'J I' • 

"sediment d!stribut:ionpa'tterns i:6n outwash' 's'u:rfaces .' 
• . • . '. '. ' " .'. ,'. '! .. :. ;" :;', 

, during loW flows:' ". :.'/.'> . , 
.~., 

(41 Previous sedimeritologicalstudi~s 
'j, 

i'n this. ~'systern 
. ~ . 

~by !-I. Smith (1972, l~H)have described: general 
. . 

sedimen,tary, Clorphologic' and hydraulic' character,-
I.' .... : .. ,.· .j • .' .' , 

-,~,~-. - .. 
Because' these as,pects were', '!"'isti'csof -this river.' , . 

, . establiilh~d; the,rc wa's sufficient time in one ,field 

season to concentrate on the det~iled aspects of 
, ' .. 

~bar., formation,' gravel tra~port ,and res,;!lting', . 

,strati Bcation" typt'!s .",~ 
• . :-J 

'-'." . 

-' .' 

,Becallsethe Kicking Horse;"River flows ih a 1;.e'latively 

narrO"oI, 'confined channel-system and due ,to .thehigh 'swnmer 

dischar~~s. ~t is. quite diff~cult to studY'prel}~rv~d str.ati-

the' upper Nor.th 
" 

fication in': se~tion~/ InCOra5t, 

. sa8katche~an is ~tribu,ta1 to. t.he Arex~dra-North' Saskatchewan 
\' .. . --... 

'~, . 

\ 
'. 

'",' . 

... : 

, . 
, . 

. " 

'. 
: .' 

, -

\ " 

• ," 

" 

" Ao.. ,. t-. 
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, 
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, . 

'. ',I, " 

, ", . 
. r::,·. 

'system ·in te~ms. of dillc!)arqe ,b~t t~ansports a.n 

.. 
. . ',-, .8 

.t, • , 

9~.' of .th~ ~utwa:Ulgra'''~lC into thesysle'"m' (~. Sipith, 1973a). 

Extensive .. exF'osed gr~vc,l flats occur northwest Q.f. the 
, ~. . '-~-'--,.,. -. - -, ..." - . 

conf,luence with the ~lexapdra River and . prci~ided'a' "h'igh . 

and dry" area to' study int.·ernal. stratifi!=ationtyp~s 
•• • 

'. trenched sections. 

.. -+., /~ 
! . . . 

.GEl/ERA!. GEOLOGY: .KICK~RSE RIVER AREA· . 

. -

in 

• 

.. The'.Kicking Uorse ni~er .is located in the ·rugg·ed. 
, .. ' -' " "." ... " . - . . , 

Main P.anges of the. C;S'nadian Cordillera', where the"local. . - ., .... 
, - . ., _ • u 

bedro~k is·composed. mainly 6f CaJ:1brian carbonates. 'l'he 

faris c6n~r·ibutc .small iirnountsof sedimentfrOl:l the.tribu-· 
\.!._- . . -

taries. Outcro·p~6fthe. fa~us ~Burgess Sh~le and' Ht.,Stephen 

fossi'l beds ha\!,e prompted' many· d~tailed' paleontolog ie, 

stratigraphic and structural studies. in this area.' 

.In . terms of total bedrock composition,. there is 
\ -

approximate'l y -5\. exposure oftne Lower Camb.rian Gog quartzite, 
. ~-- '. . 

. '= 

. . -
.,' ' 

. ~ith the ~ernaining perccnt~ges composed 'of Camb r,i an , carbonates; 
....... • I ",... • , • • . .' . 
rahging from the 10'Jer Carr.brlan Ht. Whyte Formation to. the 

Upper Cambrian Arctomy.s Forma~ion. The fluvial gravel.s in 
, 

the Kicking I!orse- River. show 11 -similar compositIon •. 

" 

..... 
-,,' 

- - . 

0<-'-, 



,-' . :'-, . .... ... . ' .. ' 
"" .' f' 

1-; , <', ' " .. ' 

, ' 

r t, 
. , 

' ... -

[,*nan~~~,d~teN~lis':SUb- ,t~ well-ro~de~ qr,avel, 

of about 98\,.lirncstone ,and dolomj,te, 2\ quartzite and 

composed 

traces 
. . . , I 

of clay shale and chert ('H. Smith, 1974)'. 
", . . '. . ;.. . 
'Allen (1914) br,iefly described and Jllappedthe 

'c:rlaciofhivial dep:<>sit,s.. ,in the' 

• Pleistocene' to '!M'cent deposits 

Ki,clting HQrse !tiver·,.valley:·, 

o~ 'th~ :lower' ~i'icltin'~ liors~ , 
\ , " . . - . 

Rive'r' valley 'bctW"cen r.e~ndlol1 and. Goldeh, B;C. were studied 
. '.. '.~ . ~. . . . 

by,~"\ent;(1972)., These depos'~s were interpreted' as. being' 
\. '. -

gl'~bofluvial it> gl'aC"i~l,acus.trine, in origin. ' l'h'e lower 
• 

'Kicking liorse, River' valley shows evicience,of 91ac~,ation 

19,900 ~o 10,000 ye~rs B.P. Field observations -by BeMent 
. .. . 

(1972) _indicate that ice withi'n the. "alley was at least 
, " 

, J, 500 ft thic~. 'E:vide'nc~~ for,'on 1y one ,_ g'lacial stage was , 

found i'n this are~,' where~~ other vai):eysof ,centrai a.nd 
.' ' . 

,southern British Columbia indicate fro::! t\o{o ~'fourglacial 

... stages (Ar1l1strong,and 'ripper, 1948; Fult:on,1971),.: ... 

\ ' 

, -- • . , ... : 
'" 

RIVER Ii'fDROLOG'f, HORPHOLOG'f ,-':lD SEDHU:::IT: 

The autho.r 'worked 'as field assistant wi,th' N. Sml. h' '. ' \. 

(1972, 1974) in?iS studies of ba
i
): develop~ent an~ 

olO9y ,9f' the Kicking .Horse Ri;,~r system. Field 'work wa , done' 

in A'ugust and' Septer:tber ,1971, with additional"data ob . . . . 

~n July 1972. 
.~, •• Jo: 

Processes ' invo~v~9_ wi't:I"'r.' b,a'r fomation, 

- \ 
• 
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" .. ,: ',. " .. : , ..... . "., '.' .t·;····· .. ~ . '. ". :. ':: .. ~ . . : , . . ." 
,: . . ... 

" 

f 
: ... 

gro .... th, 'and sedir:lent.distribution patterns' .... ithin.the system 

.... ere the main tC:Pics c0v.ered in i; ;SIIl'ith' ssttldy (1972~ '1974) • 
. ', ." ,'":''' ", . .•.. . " . '; . ~. . .~. '. 

The. pres.ent·:study'·is an extenslon.oS his .... ork lind emphasizes· 

· :~~::::::i b::::::::::':: l;:::::t::~:h:~:'::::~:~::.~:::d: --'-~,,-----'-;-"---~ 
• • ... , ..• ~~ ". .;"':'r 

· ;"ork · .... as done . primarily in. the months of June 'th~ "AuguSt, . 
. ". '. 

1973, "wit~ sOr:le' prelilllina'ry qata obtained in July 1912. Data . . 

ci.ted·pr.e-1973 in' the fOllo .... ing·section is.·fi"olll N. S~ith's 
I " . ~ _. \' 

s'tudY; dataobt'a·ined. durlng th~su=er of·1973 'is 'froe the 

· . pre.sent study ~ 
" ":i.-"j- "'_'. 
.. --!~..,~ .. ~ .... -

.. , 

o I.',Hydrology ". " ." . 

The Kicking ilorse' River syster:l is fed by the Wapta 

· and"Wap'utik ~ce!ields in "easter'}' Bi~'tish Coiumbia (Figure 3),: ,.. ., 
The. '{ooo River is the r.lain tributal!'Y~ .... hich 'contrlbtitcs an 

estieated 80\ of the discharge' to the Kicking:Uorse River 
• • / < • • . . . "; , 

sys·tel'l ... Tel"llporary ,gauging. stations have been monittJred.under 
'#' ~. 

the Field tOlo'n5ite bridge during'the summers .19-1:1, 1972' 
, ,. 

(N. Smith, 1974) and 11i3 (this stud~) .. As .... ith most glacial 

mel twater s.trear:ls, SUlr::ner dis,char,ges" d!'!pend' upon w.!'!ath~r 

·c~di.tions over the ~ccfields"'(:ilHighest flo .... s occurred in ._ 

.August 1971. when 'localair temperatures .... ere ranging.' around .,\' 

,- 90"F (Tab,le 1) •. ' Du.r~ng this clear' hot ,pe~,iod of maximum •. 

glacial a:elti·ng. daily .discharge extremeS" varied by a : ,\"~ 

factor of t .... o. MaximUl'l discharge .... as calculated at 3,4QO 
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T'Ab{;;. L~:. ' Maximum riv~r disch~i:ges recorded during 

" Sulilmers 1971 to 19i3·~ :KickincfHor~e RiVer: 

~., ' , ' 

i Date, 

[ . , 

..... 

)i" " t August ~ 1971 

~ , 

f~ July 19'12'-_ 

r 
~ ," 
~ . d'. 
~" 

. . 

~' 

~ , 
a June 1973 
~ 

• 

.i 

r f jUne,. , 
~" August' 19.21,_ 
~. . '. 

! 
(July 19'73 
~ < 

~. 
r- August 19)3 
; , ,. 
~' . 
~ 

" 

" 

, . 
,Maximum 
Dis clra1;qe/ 

(cfs) 

" 'J ;400 
, .... 

• I. • .. 

If" , -; . , 

,2,400 

. ' 
• 

1,560' 
, ' , 

1',2'25 , 
.. ' 

" 

~.'. 

f 

• • 

. Average' 
Discharge 

(cfs~ 

l~700 

... 

, 500'-800, 
~ ", 

" 

.: ....... --... -. 

, t' 

"" .. 

, " 

Weatl'ler' 
COnditipns 

. ." . 

Clear-, .Hot 

" 

Cool ,~ '~.a.iny 
OVercast '. 

D, 

,~, 

Hot, Cleal;. 

, Cold, Rainy 

Hot, Clear 

Hot, Clear 
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.. -, 
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and g1"ac.iofluvial deposits. fo.rzning~ the,ertensive- gravel flats. . . , . . .. ' ,. , . 

T~e~st~)',·;alrea is''~he4 :miie' )on~graVel~l.a.i~ betw'eent'~e 
r ' 

,Trans":Canada Righw~y,'bridge 'and· th'';'narr~w channel' near 

, .. 

\,.Long,!tuqirial profile mea!lurements-(N .• Smith, '1974) . 
~, '. '.' . , ' - .', . , ' . 

shOw that: theoutwaftl gra,:,elflats: in the., study area can be 
',. 

appr~ximat~d by' two strdght l~nes(Figure ·1). AhOve'the' " 
" , , . . ... 

" ' 

" ~reak, in slope (which (iccu~s j ust~ upstream ~J;"om.t~e:Fj,'eld 

"bridg~i',· theav!lrage gradient' o! the,.water surface is 0.0054; '. 
'. ".~' " ' -- ' , ' . 

whereas downstream from:the slope break',itis Q~0034. The' . 
,. '. . .. 

reason for thiss loPe break, 'is unknown. Exte~s ivegrave1. 
." ' .' k,. " .'. " ',~ . 

..:f, • 

, dredging operatiens maintainedby:YohO Nation'al P'a~k occur .., " . ., 

on the river 

64,0,00 tons 

flats in. this 

"" o~ gravel halie .. . 

slope break 

be'en removed 

1970 and 19'73 (D. ,Watson, Pers. Cornm.) ; 

... 
region. Appr,oximately 

between the years 

,However ,:despite 

. . ; 

the"large tonnage of gravel that has been ,.removed; the gravel. 

operati~ns arc not ,thought, to:' be the cause of' this slope 
• . ,- 1 

,break, ,as similar breaks in lo~gitudinal' pJ;"ofiles hav,e been 
• • " I •• __ " ~ 

observed ,in 8<?w and Peyto oU,twash .. rea's, (licD6nald and 

\ Banerj'ee, 1971). ,HcDonald and Banerjee. (1971) 'suggest that 

the slope, break may: rqpresent :tl'ie. contact between upstream 
, /. ... . . . ,'" 

de'grAding outwash" surface,S and downstream aggrading surfaces' • 
. / 

.~ 

" ' 

" " 

'L,' 

-

. , 

." .•.• 
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Examination of' aerialpllotographs" 
~ 

.. ~-', 
".. .'\' .;) 

'.:. 1 ' • I 'I!! 
~.'\ . .' .' ,. .; 

, .. 
. ~., .... :, 

.' 

- .' . 

-, ... 
Horse, ~iver grave~ flats indi~ate that bra! ingpa'tt'erns'change 
'. . . . .. -, .... . ., 

frpm upstream to midstream and.dpwnstream eaches of'th~ 4'" .' 
;~, ~ 

mne st\lcly' reach.' In high;"slope upstream reil(!hes (f"igur~, 6) . 
-.---~. ,~ 

flow istranspotted.dowi\-one or. two lIlA?? ,c~annels, wh~ch 
. .. -- "-'.- ,. 

have a braided to s~mewhat meande(!ng f rtD. Kidstream and 
.-~ .. ' .. '.,' .' . . " " .. " . 

f downstream re,,:ches ha«e a complex .brai e'd cha.anel patteI'n " 
t. 
i ,where flow is c~rried dowri ma~y bra-io d-~ channels' which' 
( , . ' ~ ,.' . 
" • • oJ ~' :' • - • • . ' 

! lanoastomose ,back. and forth across the gravel Hats. '. This 
. , . , . .' . 

0",. ,... . 
change, in braid pat::ter'n occurs just dowristrealll from' the slope . . . . 

A'· 

• break in the' longitudinal profile. corresporidl~g to th.e 
, . ~ . '. . :... ~ . ' . 

downstream reductionoi,n sl()pe the' e is also'~ significant , . ' 

, 

'O"-·decrease ,in, -bedload' gra'in size (,igure Il). upstrea.'tI' .reaches , 
',' 

,have a mean grainsizeo! -5. 7f1 which decreases" to -2. 7f1 
'; . 

in downstream sect'ions ClI.5mi h, l~H}. 
" , , .. 

" 

GE::IERAL 'GEOLOGY: ' RIVER AREA 

The North: Saskat ewan .River flows 'along the axis' 
r-; I. _ _ • • • '.. ",' 

'ot4'IJ'breached anticline 'n a glacially carved u-shaped valley~ 

with maximum relief()! ft:'~OOf~,,(,~t,~~:;sk~tl=h'eWan}. P,re:o.lious 

,wprk in: ,this, area haS/been'liml.ted.,ot;· Blli-rd (19'O) "briefly 
.' ~ , ..... ~:"'~ '. : . 

de'scribed th~s - section in his study of the" rC<Jiorialgeolog~; 

" 

.. 
" ' 

. 

• 

- -, 

.. 
. ~: 

'. 

" 

.. ' . 



.... ,:.,J,--' .:', 

- "-- . , , 
.", ' 

" 20 ') ., ,-:- .- , . , 
J... " 

." . : .;. ' '" 

, ~' 
,---.t: : 

ot,ttleCM.ad~an° ,cor~iilcra'., Sur!icl~l :'d~pos'~t~were~apped' 
r ,l?yHC,Phers~', (i9~O) .>~~tes,Of':._a9gr~c:iation andmodesof·' 

i 'channel braiding or the' AlexandI:A;"lIorth<S~s'ltatchewan River 
;.,' ,. . " ',' J' ,~', .. . _ " , . _: 

system wer,e studiedbyD. Smith.(l973b). Bedrock' ' ,-. -' . 
• . <," 

- " -: I ' ". 

:and,iscomposed ·o~ appro;dmat~lY" 70\ carbonates ijnd 30\ . , ' , " ,.,. ' 

" ' 

quartzite. 'Flu,(ial graveis h;"ve' essen.tially' the same composi-
, ' , I, • '.'~' , , 

tion as thebedro,'ck ,l:Iateri~l (D. Smith, 1973a)." . , ... 
, , 

" .. :;' 
• : ~, 

t' .'.' 

" 

'-: , 

", 

, .. : , 

, , . 

, ') ~ate Pleistocene gla~iet:s, xeaeh'~,? ~n avera1~th~ck- , 

ness, 'Of '3 ~000 'ft, in.t.he ' 8~d¥' area:'tMcPherson" 1970i'! TAe "/1 

" ,las't;.r~~'s8iono6curred 9.000"·:Yearll' B.P.: (Wes,tgate ;a~~ '\, " 
01 " ", 

• .J' _ 'L' 
o~'eimanis ,',1i967) and ended th~ Pleistoc'ene era in this(region. . " -'.. ~ " , " ' .. , ,,' ',', , .', 

, Ther~: nave been, t~ree or four,lI\inor' glacial \ advances in' the' 
, ,.,., .' ' ' ",:": "ol . :' '., " , • _"., 

ColWr.b~aIccfield area ;nrecent. time (0 " Smith, in prep.): 
, , 

, , 

~ 

, .~ 

,~IVER' I,IYDROLOGY, !mRPHOLQGY '\!,D SED Im::,.T : ' 1I0RTH SASKATCHEHA;; 
RIVER >. , " 

" ..... 

-HydrolO<JY ---, --~:.~'.-' 

p 

~ 

The,Colllr.lbia 
, ' 

Icefield ,is the r.:ajo'r, water source, for 

" the North ,SasJc;atchewl1n, R'i verI Figure "2) • 
• 

'1\~with, the Kicking 
• 

'Ilorse, River, sUl'1!:lerdischarges are a function o'f weather: 
, "~' 

/'1 ' 

'conditions 'o~ert:he, icefield~ '.A te~~ra'ry .ga'ugingstation was 
, , '. ~ 

e8~ablishcd by D.' Sciith (197 3a) during the' ~~ers1970, 1971., , 
, ,~~. ' ~ ".: , .. .: . , .. d __ ,':. ' , . '. •. 

J\s ",i,th most glacially-fed streams ,in 'this' region, during warm 
, " 

, ' " 

. , 

." ~ 

'-0 
.,:., r 

,,' 

• ,----.. 

If " 
, ' 

,'~ 
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,sUll1lller, ziu:* tlis marked' iii urna 1, ili:etuiltiori:s in 'disch'arge occu~: " .• 
. ~ ;"'" : ~ . '." .. " 

. Low !iows. occur if! the late ,morninl;! to early afteriiOOI) and " 
.. , • _, .. 1 • • " .. .'. • 

.... ~ . 
; .. 

" ' 

paak'HOws occur betwee'!l6,0~'and 8,.,00 p.m.~~·clear; hot ..... , .. 
.' .' .' . 

• . T -. • 

. - '_ ' ~ c . 

days,dlsch'llr.ge.extremcs can vary'by a, factor ot"two.,' Maximum ,;. ,;' 
" - ."", 

... ' ...... 

.,," fd~SCharge,~. me~~~~ed'b;'D .$lo! th during the>~llI!iii!ers'i970' ':,1971:, ' 

, were' 5,4'00 c{s:' 'In'' ,terits ~i dischargeContf;ibut.i~'·theupper; 
, , 

. , ... 

. .. . ~ . 
~ . . " ". ." ~. '. . \-' - ' 

~,North Saskatchewan River contributes, only 40\ of 'the water ... :' . . .. -...... 

"volUme totheJl.lexandril-North, saskatchewansyste~:~, but,"'" " '.~ 

~ : . ~:. 

account's 'focan I!st.lmated 95\ of the bedload cOiltrlbudoil,' ' 
, " , , • " . ..".' • - I . ..:. .- . ~, -. ~' • • '. ". , .' • . : . ~ 

- : ,~.~ .' 

---'-- .... 

(D. 5::Iith,' i97Jal. " 
" 

. , ~ 
.. ' '.\ ',- ... ,' , " 

."." " , 
" " , . -. , , 

/ ' '0' 

MOrphology· a'ndSediment 
. .' . . . 
" 

,~, 

. ',.:: ' " ... ~' , 
The A-lexart'dra-:;orth Saskatchewan Rj,ver, system valley. " 

. -" .' , . 
is, chara,cterized by alt~rnate reaches ofbraid-ed gravel Q 

." ,- -. -', . ~ . ~,',: . 
. , I " ... . . . <'. ", , . ,., .. 

flats and anastor:losing predO}Dinantly meanderi.ng channel '/ 
- . '---.-:--", . .. ". '~' .,' , . . " 

complexes. "Br~ded ?3tt~rns .oc'ourin coiuse":gi"a.iMd'unstable . , " 

i 0 

stial low, complexe~. ' Anastomosing predominantly, meanderirlC:: 
" ',\ " ,0 • , ;,.. " 

p)Jtterns 'occur in.- areas ,which' are stabilized, by veqe~ation '. " ,: \ ,," , ' '. ' . " 

and ha ~c ext'eris iv~, 'f loo"dP 1 a in depos i tion on 'mid-channe 1 
-' . , ..' .• t " 

i:~lan~F.·The an~~ ~~~Si~q' pa tter'n occ~r,s, Wh~r~ ther~ i.s a 

backwate~ effect 'de~lope'~ :in-.the',llystem. For example', ae 
~' . . •• • .' '. l' .. 

".' 

.. 
" 

:th"e conUuencc ootwee'1 theAlex~ndra a,nd ,:.or~h Sallkatch~wan . ,. '., .' 
, , 

Rivers (Figure 9lth,~ upper North S3skatchewanc1Umps a huge ..' , - '~ , 

, fan-shaped ,~as~_ Of~o.ut;waSh gr~v~l. T!1is gr'avei -inass 

:cons,trictsthc', mai channel of tile Jl.lexandra River to the' 
.( ... ., '-. . 
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S'askatcilewan Rivers • .. ~', ~ 
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the Alexiu)dra-:;orth 
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The 
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,/l' 'r~ght's id~ of the ,~va lley ,'.ca'U:-irl9 ,a~~ck~a~~r':~f~~t')~" the' 

'Al~x~ndra.duririg', hi'~hdiSC:hlu;'9C"peri'oa~,,' resuItin.g·iri,.an ,,' 

'Anas'~omosing s:o~e~hat' ~e~nderin~chann~~, 'patte~~' f~r s~~era1 ,'" 

. -.. -

',. .' 

~. '.':-,,;. " . .':<. '." ~ '.' .' . ~.' '. a ." ... • '., _,'.' ._~', :. __ ' ... ' _'" .. _'.<. ". - "".' 

::liles·up·the ,Alexandra River.< Floodp.lain' silts and vegetated -. . ". ~. .. . - . " - - , I 
iis landsprcdciirtinat~ in backwa t~rreac:~es ~ 'In 0.- Smith is 

: . , . ..' '. /:. 

sYste.":i, there are'thi:ee S"Uch 
, . ~ackw'at~J;.,~~~Ches\ Of<fl~~plai:n" , 

,alluviw:l · ... hich arc, separate,d 

grave 1 flats., 

by ",.two f.an·:"Shaped··oUt~aSh, 
.' . ..' . . . . ..' 

' .• '. :'.1 

. '.r' 

/ Average rates of aggradation "o~ theo~tw~sh ,f~ats, '\ ' 

w~re es t imat~d by 0: Smith {t973 a )f ;~ci'c l~dati'ng Morg anie-' -l-> 
"., ... ::' .... _ ., - .;r' ..... ~~ .. '-'."',':.:-', . ' .... _ R; .. - _ .•. , ...... 

Qa t,er ia'l , ,'!rom tree:':ring aat1ll'g ,of buried living" treeS ,and 
, ",",',' , ',' ' ',,' ',: , ' , . ',·1 ". ' "',' . \ 

, the presence ofavolcani-c:,' 'ashlay.er within the outwash 
I . .;, .. ,. ',. .' .• 

" 

dep.,ll.lts ~ ,Computed aggr'adadon '~atesi-.:ariedfrom l~' 

9B'yt:s~ l'ft in480, y'rs 0.;erthepast2,4~O y;;a'ttice 
.. J. 

'. ,',1' . . 

nuring,this, "cried the~hicknessof vall,ey fill that 

, 

Extens i ve: exposed grave l;f 1a ts oc.cur in the upper· " . .-:. . . 

li9rth Saska tche .... an ,approxima te1y -S miles ups t'ream from the'" 
, , 

,-confluence _with the J\lexam:!raRiver. The ,upper 4 feet of, 

bed sediments in thill out:wash' flat, 'arc tho~ght to be, temp'ora~y. 
, '. . ~ p , 
i 

,bar-and~ch'anne1"depos'its, .... hich are 1:e1Oorked during successive 
I 

high spring and, S\ll:u:ler discharge pc'dodS' (D., Smith, 197-3a). 
, ' 

'These. expos.ed flats af'forded the 'oppor't~ity to study' the "'\ ' . 

.. .;.-,' 

preservability of 'stratification.and sedimentary' feature!' 
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INTRODUCTION, ' 

, ' 

.... 
-, . ' 

,,' 

~. "',' 
. . '. . 

. ~>.:~ .. >. ',': 
" 

'.l. 

.:£ .. 
,Most of tlie bed load gravel in the licking HOI-se 

, '. , " 

f' I 'River is transported'ina'clliodified type of pooi~ahd:"riffie 

tBequence{'Fi~~e.lil),'Which"1s~'t~=ed a'·~;;i~and-Ar·, '.' 
'- ' " ' .. , . ; ,'. ...'. . .'- - .. -:, '. 

s~quence (0., Smith';1973b). ',' ,', Sedime~t~istransPorted : . " .. . . 

through ~he 0 pool, ~p ~nto th~ topogr~phi~~l1Y hiq~ ba* 

of"Ole r~ff-le'sl!quellcri. "Depending upon';{low condi-tions, 
", , ~? . • 

sediment is either deposited ~'ntheb~rsutface;' deposit~d 

ol\"the'foreset margiri; or transported out of th~system to 
, ' , ", ~ ',' ", ' 

thene~t,poo~-and-bar sequence. 

Pools are characterized by, convergent" flow, which 
.' ,~~' . 

,IB, ~unnc1l1d~, the pool by"pre~e:cistingactive bars,and 

exposed'bar-channcl re~ants. Pools commonly ocCur at the . ~.. 

'i~tersection of two or more 'fiows of 'eq~al or une~ual, . .' ." '. " , 

strength (r.i'9ures' 10 ,11) . ' 'It must beemphasued t/;lat' these 
, ,," . .' , . . -, 

" 

.xx;l-:-and-bar sequences differ drll!lUltically' from ,tho;e, observed , 

, in meandering' systCf-ls (Keller, ,1970, 19?1: Kel).er and Melhorn, 
". 

1973) ~" In braided out";ash areas, pO,ols are' site!? of ' 
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.... ~ios ion ,;<,nd . gnv~l t,ransp()r td~r lng .·maximuin.d isch~'rges when 

·.~h4rinel-ba~ complex~~'ar.eactive ~~. Water' !!urfac~slopes in 

theconwrgent chanriel.s·arequi t'elligh(S ~ 3-4 of; dept'hs.· .. ' 
'-. -".: ,~ . "',.": ...... : .:: " "- "'" -'" :'-" '-,' -: .~. :-. .. .- .. ,:' ,'--' ~-~ .,:' . .- : ", . 

. average. from. 3-:-4,.ft:.:wi tha "maximum' deptll:of. at· least' 5 ft; . 

. wi~ths:a·re.q~ite variable.' ranging from 5-30 f~. Mo'st poois . .,' '. . 
are ·'les·sthan: 20 ft wide .. :I?ue to the funnelli'ngoflarge' 

'. , ' 

quant'id'~soJ water through a c:onstrictedchanneL bed" 
.... -1 

velociti.esa~e \qui'te high (averagebottomveloci.ty,. ~. 5- 3: 0 

ft/sec).; . Sediment tlla t rema.insina ~.ol follorlng a high '-. ,." "- . .' ~- . 

discharge period would be if lag deposit,tooco~rse to be 
'. ' . '.. .' '- . - " ;..' .... '. .. . . .. 

=vedby the flow in the pool (Figure ,,10) • 
, , '.. .' ". . 

... 

Upon do ... ~str~aD ,channel'wic!ening. flow ,becomes 
" 

':' uncorifi'nedand di. verges .'~e~iment is then deposi ted ',:in the 
. , •... 

" :--' ., ... 
!om,~ of :gravel bitt's. (Figures 10.12) . Bars assume 'a 'vilriet1 
, ... ,:,' ~. 

oi" shapes' depe'haingupo.n local .no,", conai tions·. proximi ty 
" -- '-

l' '_ . , " 
to ba.nks. steadiness·.of flow; duration of 'f)...o·.i. :curvat.ure· 

and dCP~h ,o&tbe ch<;!~nneland Sank ;statJi li ty .. 

There is, much ,pisp.utei'h the literature' abo)lt 'the' 
, ' 

ter.:l "bar". :'Iany ":"orkcrs refer to "brald bar:s~ 'as those 

gravel accu:"ul,a::'ion5 · ... \licn divide the channel to' c~use' a. 

braided 'pattern (Allen. 1970; Blatt,et a1.. 1972; Rust •. 1972: 
. , .!.. ," " ' 

, ," 

'. !\oothrovd.":' 1·972), iio· ... ever~. such' br>1idbars may have very . ' 

C~?Plex' dCPf-~}{ional, and ~r6s~~n'histo_ries., as d~~onstrated 
by ri •. Srnitll (l97~. 1974). . \;':', " 

'Ther.l4jorit~f the mid~ch:lnncl bars are remnants 
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of bar:channci co.'l1p1exeswh'ichat nipst display-faint ,traceS 

o 
~. '~ 

, " 
r of. former, bar:a~ci-Channc1rnorp'hDlogics, I\ttempts i::oclas~i!y 

',' . 
" 

i' :thesemid"ch'i1nnc1 e~osl(,nal rer.mantsasba:rs w.ere. abandoned. 
I : .. , , 

:i!ueto the,verycornplexrnorpholog ichistorYcif these f~at\J;es, 

.7he a>.ith~risfo1l6wing the' classification scheme of !i~ 's,i:iith, 

'(1974)b,y,:using .the,tem~unii bar""',ThiS term refers' to 

, those bat's, thA.thavci',fa ir1¥ si;:tplc
c 
m~rpJi~~og i<:ai dc'.(elop~,cj,ts, 

·where 

, :with 

observed oar fori:isare,'mainlyclepos i tiona1 
..... ' .' ..... ; ... ~ .. ~~.:~ '.' " .' . :, 

only slight erosional modifica~io~~ . . . -. . '~.. . . 

features 

" usincithis dE!finitiori 0" ,a braid bar', there are 
..... 

, ' 

,!ourmajor ty~es dEunlt bars in the'Ki'cking Horse. Ri'ver (in 

order. o~ relativeabund,m'ce)': diagonal, tr',msver'Se:' point 
'. 

, . 
,'" and langitut.!inal uni,tb1\rs (Figure 13), 

. " 

:Jfagonal. Uniot 8.:1l:s ,occur ;,sle!t (Figur'e'14;;) or right 

(figure 143) diagonal ba'rs (looking downstream flo'''' is 

de!lectcd'-to 'the 1'!ft:' or right, 'across the bar' surface)." , ' 

. (Church,. 1')72), :t:1in 
\ 

~ 10'..' dJ.rections arc ob1iqueto bar 

'lonp axe:. ;,nu' foresctci.<uain!l co~':Ion1y migrate at 9,0'°: ~9 the 

flO'.: directi:\r:."Di'aganal'b,us arc "'the most com.""on bar 

in the ,Kicki;~ Hor-Je"'Rivcr" ',Initiation of bar gro· ... th 

cic~rswhe:'e secondary cUHents, arc deflected aSyl:letric<llly 

. ! ro .. " the' 1':\<1 in ! 16'.1,' B<lril'-~omr.'loriTyo-ccur--i'n the lee' of pre'" 

,cxi~ting active bars. or do~~st~ea~!rom the junction of 
", 
" 

't'oIo"~1S 'o~ unequ.al' str«ngth, 
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·1.~i tili te '.' 1n • expan~ ing'rro..;co~(Ut:lons, inar~a:s wlie re :d~pth:> " .. 
, "", .' ~ .'~'. ' . :, .-, "~-,,,~, :- ; ,: " . -', " ' .. 

. increase . rapidly ; ora~.the junction· oftwp channels: .. of 
, . ~, '. . '. : .:. ' ' , . ~' .... ', .... ' '-

unequal strength; . Thes'l:" ~rs" a~e identical ~6; the' sandy 
,:':: .' ' .:,.1 -. . . ": ~;.;:~J .';" .. ::,: . , ,', . _ . . ' ' .. " .' . 

~transv~rse bi!r"s driscrib,:d intOhe,~rilided p1atteR~ver syste,~' 

.(11 .. Smith ;;;.19.7 i. I::: . t6a'rse-~rairied '9i~v~l' bar,lobes haye. also' 
. ' " :. '!:~"'; .", ," .:.,' ' "'-...: ..... )~.' q',. ' • 

~en ·~escriDed~ fror.l .t~e North s~as~at.che_wa~ Ri,ver" (0:' 'Smith,. 

. 197.21.; .~ \ '. . • . 
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Bar long' 
. " , 

, ':-' . 

.' '.' ; ,-

PO:intpnitmn" form in gen·tly.~onvex .channelS, 
.~:--' 

.:.' ' 

'.~xes-arcpa~lil~le1 t.o main flow d1rectioni> , '.' !>oint bars dip·. 
, , 

• g~ntlY to,:,a:rd the'o outer bank andccJrrun~nlYdev¢lop ·fo~e.set 
. . , .... ' : .. ' '-. "", -"" ---,';., ".." . '. ,-

Thcscbars are analogous' to, those found 
, ! "::' ': .. ' 

-. , . . , 
.. Long i tudinlll ~. Bars form in areas ... hc·re. gravelaccurnulaticins 
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. ·to di!!'play.'a" :somewhatt>eriodic .. spaclng; .B~rshitheshaiiow 

'~'eorn~~~~ hl~~e.iitt,le_ or'~~_'f~~e~ei de~elO?n)e~t. rTry~;~~e, ' : 
{ .cQCll!lonly ,1'~3 pebb'les thi~k.",'Bars: initiate,as ,diffuse),r,,:v.eI, 

:~neets.and wit'h: an ,~~~quJlt;eb~sin:d~Pth.i:ritO w~ichthey'" 
.. ' , ' ',': " ..- -. . , " " ~. 

.. ,arc,rnigratiM ,they wnrdeveIop<a:f6~eset :ma~g in.-, .,. 

',: 

.:" ......... . 
. ..' 

. ','::. '. 
.. - ... 

. : ,. 

./ 

. .'. ..' . ,":. ~.'" . . -' ".' " , 

. " ;pooi~and:'bai-'5eq~ences . o~cur- i~<l:lled?ep~r-.ch~nnel~'. ' .. 

lAs in theupstrcain:s.ectio~ diagonal'barsform}n· area"s: where, 
, :', _ • ..•. ," . ":, .:. , ' . • . . ." . • 0.. t( . '. ." _ : _" .'."... . 

" .. s~condary:'C;lrrcnts-are defleI>9tedfi~th~ h~'" (Figure )81\. 
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.. --.. ".-"'\' 
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a&arAI}..smai.l dia,g~lliil<b~:~S i~ ,:~e Main cha~eifo.rnl in . ' .:..'~//<~ 
. the protective"le~,o~pre~existincjacti'vebars: (Figure 1¥;, ",.:"..-,,'-' 

.. . .;f.. " . . 
.·sarAF.'onJuly iI.the rn,a·,in.f:lo: ... in the deeper ch~nei ' _ 

, "-' " ," " .,' 

,shdted to the: south. thereby le';~ing a~owvelocity zone' 
" ' ,. .. ,,'... ' .. ..' ' 

,j' 

" ". "._. .. ..' ''-., ' •• ....:.1 ' .' "-.. • " ' 

<.where flqws:Sccamedyrergent., .. The tr~nsverse. bar C 2 
:"'.', ..... .-?,' .. _.-, ... ': :. ~'":.'.;" ." ,.': '-" ... : ..... ~".: ":' :'~',' " 

,. CFi,gure Ian) ~ni tll1ted(~sa.diffuse ,gravel. s~eet ... "!h~ch 
, '.-

.. 'then~cveloped'a~ell~de·fiiled 
'.' '.: •• -"'! .. '.... , .~ " . . • .: . 

f~re'set rnarg in .,.Wi th deC"lihing 
. -

di5~harge.,f',lO'"'S'i converged' of! . the bar' surface 1:0 asingi~":. 
, " 

channc l wh ichth.cngr;~iiilp9 crodedt.he~r ig inal bar surface. 

D111gonaL Bar "2 alsO 'be~a:r.t!extre:i!ely diss'ected .. 

.. 
. ) a 'Oownstrca..-:l Section '0> ~. ,,'\~ , . 

- .. . /'., 
'. Major-'n';'",: '",a~ not ',concentrated in a'sinCJle' channel' 

~n the do~'nstrca.':\' section. ' Dominant. flo .... s ,may be carried'. -
.... 'u .,',' - • 

dcun one channel duri'l\g s'everal. dischar'gc cycles. then ·'fIows·.~ 
, ~ . ". . '.' ", .. .'. . 

.b ._ 

. :.. would gradually shift directio:,s iffid o..c~W?y a· different 

" 

. ' 

,'channel'.Shi fts back an? forth between' adj'acen~ channel 
'. 
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• "systems'" occur'~ecl, t~ree'", time~",,~~ing ,th~"f i.eldseason,(HaY' 23, ,', 
. ~' ., .'. . .. ~. '., . 

t~Sept'e'nibeI'.51> ~Bec~use of th~unp~edictabii iti"cif :th~, 
" .:.~_'.":_ .. -:. ";_'.,_ .. _._'.',~ ,.,.J .,_.<'.,:'_,.:':. ''-:;:,:::_ ._ .. : ..... '.: ...• 

, position 9f 't'he 'flows capable oftransport{ng'gr'av~l, ,'the 
, - • J : • • • -, ,"'. '\ 

cethOd o!:m.aKirig~~ccess.i:,,re~ps of'.a gi:ven 5'00 ft"' study' 

reach; ... a~'.iban~oned;'·Ra~~~; :~mal1~a:r~~hannel\compi~'x~s: " ' 
, " ':'.,' ..., '. " .. ,. ,'. 

, 

'", werema'pped dudng 'su~cessive discharge cycles~o\see ,what 
, , 

!actors pr?::lote' or:dillco~ragebi\r4ev~16pl\1ent a"nd~;~~i:: 
. ' " .. I. '... . . . , '. \ '.' ' . 

,,' AS' in'th~pr~vicius ~ecti~r'is studied; bar~, ~nft'iate' ' 

,,!,' 115 di ff\Jsegra~~}sh~:e~s' duiin:ghi;iL f'l~s'in.irea~ '~~~l:e '" .' 
: .. ' 

J 

',: ~?o:~ c~~etenCei5r~~U?ed<,TrariSV~r~~.~a~s: '~mmonlY-rb~m 
"lnregl,onswh~re confl.necl,f.1o,ws fan out, l.I)to ... wl.der channels 
. .... .." , .. ,.. ,'. , . 

: (Figure 1970.):' With' further,down~tream'and,lateral' grolftli, ' 

, ' 

... , .,' ;, ,,' .' .. :.' ,'- .. , ... '. .' '. '. .~. \ .' """ " ..... ' ' .... :' . 
develops ';t'we1.l''':defined fore'set margin (Figure' J.9ff) • ' 

. ,.. ." - " .' . .. 
" ,the bar 

,5uririgdecre1l.s in~ flo-'" condi'ti6ns (due t~a·;rshift in,the . ' .' . - .' . . '. 
-

,',,' 'direction~f th~ I:l~iri flow), flo:"'s~ntering\.he ,bar' mouth 
. '. - , . 

'~ca,-,;~ i~~p1l.ble'-oftr1l.n~~rtin~. grave 1 acro~s, theel}-t,in! 

, bar ,surface . )\n ,incipient, convergent chann:.l f'o,rmedon, the,~~, .' 
. . . ~:'. 

Wi th' further con'~eJ;gence of: 
. , 

bar surface (Figure 19B). '. .. 
" ' .A· 

" ~ !19'" , into this ch'ann~l, the 'bar"surface became 'highly dissected"; 
.. . ,.-:' : ' .. ~' . " . 

1:i1e' dO'''nstr~,a:':\, lobe waseroded"~1Jtand ~edir.leiitJ.w1l-5re¢epos~ 
r' 

• . ~. J 

',' it-ed as a s,eri~~' o~ small graVel,lob~S (F'iq,ure 19C) .;"\ ' 
\. '.'" '" 

seconda'ry 'fl;""~5 CQ~<i:~nucat~ ~ccUP:':~he soutneaste~n l~]f', 
t!\(! lobe and werecompetcn.t ~o transport smaH' pe,btnet'< ,1'n,ls 

HntJ then beh~ved 1I.S a left di3gonal bar.' upon subsequ_ent 

rcoccupat ion 0" this "chann'c 1 by, tire main,! 10'01 the bar :r;;emnants 
. . . '. . . . . ' 
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Pro~esBesaBBociilted with'bar deveioPmentand destruc-

·tion ate' 'illustrated schernatic'al~y' in Figure 20 . 'Results: 

" tram the 'present study sugges,tthat bar ,.developmEmt.~c;;ari,be 

• described as, a 'three-stage 'p!=6ce~.s: .. . ,~ 

. . ,. 
~ .... \ 

'-'­, 
. , 

• 

• 
Barsstudied'in all three reaches seem to initiate'as' 

di ffuse gr,ave i', she'ets,'ill ar~as 'of flow divergence;, 

(2)Subseq'uent re .... orking of th'~ diffuse sheet deposits 
. ' . .. . .- _. . 

.. ,' 
and transPort of finer debh~ results in fncipi~nt 

-. . I' - :. __ ,t ,.' . 
bat fOn:ls with barely discernab~e fOl,eset margins;," 

, " 

(3) Coinciaerit .... i-th '-continued' lat~ra).. 'and downstream 
" '" 

"rowth 0<' the i~cipient baz::s, true 'bilrs' evol ve which 

display .... <!ll-de f incd fore set or riffle' rnarg ins. 
, , ' 

, ' 

The bllr morphology t,hat, develops'is a function of a complex 

inter;ictio~a,.,,(ma many,para.":1c:tcrs '(:;.Smith, 19741.; some of 

, 

" , .. hich' include lpcal !lO'o'~ompctcnce, steadiness of the 'flOW', 

duroltion of the !iO' ..... p~oximity 'to stable polnks, channe~ 
~-, --

curvature arid depth, and the erodability 'o!the ba~k materl~. 
".I Maintenance of a 'bar forr:', depends' upO,ri the fluid 

.- --. . 
di5~harge ente~ing the'~ai syste~ and 'the bar area. obierva-

tio'ns by the ,author 'show that with sianificant lateral:qro· .. tn, , 
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Id 'alizcd s.kct~n· i1:/~.t.r-atiriaprapOSed~od,~i 

for. bar devc loprnent and g'ro .... th. Key is the' 

.. 5 e as .in Fi~u~e 19. ."-. 

• 
'''', ." . 

.:, 

" 

,. ,. 

: , . 

• 
. ~ 

. '. \ 

Q '. 
D 

. " 

! 
i rr 

\ '<\0 ,. 

. ... 



" 

, :" I 

> ... 

"', . 
" , 

, , ' 
, , 

':": ' ". '. -'\ . "-... .. '. 
". . , ' ... "," ':,., .. : 

. ;. '. . 
\, ,- . 

'.f\" . ". '.-f.:- .' ~ . , 
" , . 

. ~ -, . 

" . ..:. 
" 

,,' .. 
• 

... ~. 
/~ ~~STRu.crl(iI,/Of HOW 

' aYB.lR .FORM .IN'CIPIENT 
CHANNElS 8EVHOP Orl 
THE BAlI SURfACE 

l , 

.. 
• 

'.,' " , -.-',' •.... 
~, .'~,: :". . 

" 

, ,~ I:' 
. ' 

":£", '.' ," ~ ,', 
," .. ' 

. ~- :. ' 

",,::. . '," .. :--' 

.', l .,J 

~ ~ "!, 

. - ~"~" '.',' . . ,~. 

, ' 

',: . -:' 
".'-

", . 

=: .• 
'to " 

,46' ,,' ". 

'0 

. , 

. 

, 

" 

'. \ .. . 

, ' 

., ' 

" 

, " 

',' . 
,~ , "\. ~,.' '. . 

>. 

" 

, 

IT 
OISSECTIOII Of 
BAR SURfACE 

. '~ ':~'. 'I : . -. '.:-" , a . .,.' .. ".: ~ '. " , 
0 01 , ' .. ~ ~ 

'. 

E 
INACTivE, EROSIONAL, 

,BAR 8£Mt/:'IITS . 

", 

-. t. 

, , 

~'~.' ..., -0:::-' 0; 
'. 00 1 

I 

" 

, , 
. , 

. ~ .. 

I 

• 

, , "~~"'-.': 
, ~'l 

. \. 



.~ . 

:: 

.-: . 

. ·.1 

.' , .. '. 
. , .:.: 

" ',: 
'. ~ . .... _. 

, ~' . 
. : .~!' 

- . ' 

. ~ . 

, , 

./ Co 
I . ', . .. ' 

/' 

. ,"I. '" 

" " , ,. '" ~ ,'. '. ( 

" 
'.' , 

.10 '. -. :: ..... 

' . 
. '~ 

~. ;'" :~ . 

. .... . :~ : . .~ .. . , " " . "'." ' .. '. .... : _ .. , 



I.'. :. 
' ..... '.' ~ .. :: ........ ,'. -

...... -... ..... ' 
.:. - '.> 

:'48 
. " 

'. :.::--:. 
.; ::.:.:.::.;. ".: 

'." 
:~ " . 

. : ' 

" . 

. ' ... : .. ':" . ~ .,.', 
,' .. 

'.' . t·. 

Slope.;' , 

,,' ~.' '. - .' .,'. -:: .' 
, " ',', ~',". 0054 

"MZ' '... " .' '. ,'" ,-;-, ,,-'5 .611, 

•. Md ":" , .' . 

, .... -. 

.0034 '" . .... ' .. '-.. 
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" ",.' ,',' ":,',C ".',_",.,""C .', .... "c, ' , , 
Main .. ,; :.:" ...' ,;Several ma·J.nchannels',1 

"channel,': '·sing. lema1-, n,charin, e,l, ,so, mewhat " ,,' "',d, o.',wn.' , "~,hic,h, 'm,. ·,a.i.n, ",j; 1, ow, s, I' .' 

system',. 'meandering 'to"braided' form,were.al·ternately.,'., ,,' 
lI;lOiPhOlogy·',:·Lj .: ',,: ,.carried;Braidedform l 
SecOri'dary.·"C·'lnsJglli.~i.cantu ... ' """'.' "," ';',i l' :', ". 
chann'el~,;', '.,se,condary. ' ... '" SignH:!.cant :secondarychannEiI 

.. system'" ,,', channel". ' Uow; ,braided form • '. 
i 

.'".: 

',. ' 

IDOrphol6gy,' :~low. '. ' . " . 
~::'::':';':':':"~--1.-=':'''::'::':::':'::''''' ___ '-:'';'~+-::--,:",;, ___ '''';:''''' ___ -,--,-:-'''';-'--'---:--___ --:-::-:--'---~ ",: , . 
Ithannel. ,," , '."',,\,:. 

',cross-,:,~.·' ,Deep," , 
.: 'section'al' ,: '~d" • '.. . .sh~iiowaild,'Broad ,,' , 
'mox:ph'ology',' Nar~ow, " ';"'~:(rc ,'(', 

Minimum ',i'" .:' , ,,' '" . ' , :.';J , 
: fl·uid . . . ' ,,,: : ' , ''\.,' 

~.~. ,~ .' 

, 'disch4rge. ',"", " , .,' >,.r" 
rieede'd 'for' \ ., 2000cfs'" . 1200cfs· 
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. IOOOcfs -, .' .. ' . 
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,bed load'. '" 

t-.:,.::~_r.;..an_s.:..p~o...!~~t_' _' ~.:j.'...:....-, ',;..;... __ ~~"....:.._'_' +;..'_"_'_' ~ ____ ':"":': __ ..L~' _'_' .. ..,:.:..." :...,' ---,...;,...-,-_'_. :_'_' .-:.:....-.:..'" ~i' , 
:,Diffose" " I 

. DomJ,naI. t . 
active <bar::_, •. 
fomis, in.' '. 

.. main"channel 
I syste:n' . . " 

'gravel,. .' Di~gonalbarsax:e dOll!inant"" , I 
s"ee'ts: ), Transverse ,barS·-are'cO!!UllOn ., ' I, 

"" dl.agonal . , ' '.' , I, 
bars in," ',_' "~" 
prot€lcted/' r 
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'. predominant., "l?ar.~ ,0 f o,rin ••. '~~ Di.a.g<?nalJ';~rs .' occu,r'occas ion.:d ly 'in .. ' .. , .. ,~ 

.- :. ':'. -' ,. .' -.'" -. . ". ':',. '.' .. ':::'~' . '. - .. ,.-. . --" .'". '.,'. '- ." ~ '. ': .: . . ... 
·.,·_.· •.• -.. ,-.••. ,,; .. ,.1 ... ,'_. _ ; ..• ~~ •••.•••..••• 

. ·prot¢ctl ve ·lee.a.reas:wl,thln themalri channe:U .r'~ vlow:-s lope. .... , ',' ." 

; :~iner.~g~~in~'dmi~s tre~ an~ dB~~~,tr~~~'~c~.e~,pool::~nci~ba:r:: ~." , •..•• ~," " .. :. 

'. , gequericesoec~i·'inthe1l1ail1 Charinel.~ystems.; The d9!Uin:ant ...•. ": ".", , • 

., bar forl!l '-is ,the; diagonal b'ar tYEe; , ,Tr'ansverse ,oats: .are also: ... ' 
'" . - .', ',." .. '. ",' .: ... ,', .. ,'" . .-~ " ".' ,'. .' - ~,' ... ': -: ...... ~, ' 

corriinol1; 'Channel.,geol!leb::y also chan'CjJes. .fromdeep:na.rrow 
... .' . " ". '.' . ' '-, .' ,- -. '.: .', ~, ", ,; . . '," .-, -. -. , - . 

so:newha t m~~nderinq~11 ann~ i :systems·i~.ups.tream sections to 
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, . . '." . . . '. " - ," . . . ~. 

....... 
. : \ : - ..: g . .-- " " 

, .. 
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. ,tion and s~diment si:;rting r.iechani-~ins 'is' thediff{bui~Yin .-, . 
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haS:b~e~ conducted ontne'.mect~a~'ic~ of bed1~ad . transport 
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. '. 
'. 

," .... Q 

, ' •• 
. establish~d hVdraulic:relations to' natural 'channels with' 

,~ " . ,. - ~ 

'. 

, " .' . -" . 
. . ",. 

'. 



~~\ ". '. ' .... ;~....:;'~.):: .. :'r<','" "0" "',' (.:':'.:;.::' .. , ',....:'.:,. 

~~:.-::.: .. \/~.~r" ; .... : .. ::. .~ : .... : .... <... •.•. ~, .. >; .... :.·.f\::.:: ... l.~~~.··\.) ...... -' .. ' ": .. _ ....... :~,~. ":.'::>' ... > ... ~:.~ .. 
.. ' 

.... '.... ;," . >,,:,;.-:.. : ·7~~,: .. '.'.,'':','" ':,'-::" .. ,.... . -. ":-,. _ :-.><. .; ~",:.~:".,. . ... ':.:\:,'. . ... :. : . .-' >': .... ,-,', ",' . ' ...... ;,5·~_. .~ I;~ .. : 
.••...... ~ .• '; ........ :.; > ...... ~~ ..... .}\'::~ :,.-:,.,. .... ' .. :,".. .':~":' ... .', 
~ •••• >" ". :~"'''':"f . "'.:~~' ',:;"', ..... .,-. ",:' "':>-:'.\. ,-: .. < .. : .... : ....... . 

. : .. ". . . . , .. ', . . .....". ' .' ::, :: ::; . " . '.. "::. ;. ": ... 

.';' 

.;. 
'-': .~ . 

. ," -:': .. - - , 

. ',. ~:. . ":. " :',";":' ' .. '. " ....•... ,/ .. : .. ; ':. ." .'" .... . ,,' - .,' . . " -. . . .•.•... .. . l . ",,:.: . - : :. ~ .. ~ .. ,.;., . '. ":: 'r" . ~ . 
.',.', ." 

i'- :...... ." >~r<;··. "':> ,.~._ ,.' '>-" .. _ .... ,:;': ... :, 
.. ~oarse· bedload sediments. '(Fahnestock ,19·6i;H~).ley;·i969/ ..... ,:.--.: .. ~ ., 

.. '. ' ~ 

. .;: ~>.~.:.. ' .. ~.,,:: ;'. "'."-', ,.'::: .... ,'. ," 

ilbotli'rciyd ,'·i.~)2) .. ~.JJthers'tudies.· have. b~e~:~()ncer~ed' ~i th .' . 
. ,' ~ .' '1. ..... :'.~ '" '. ;':i.':. :~."'<l" 

':;~ap~nCa-tib.~6f . these '. "¢S~~'l\~he4 ...... r~iiltic;n!!:t() ~I\cient .. '~ 
,.:cQ~·r~e,grairiedde-p6~its in'()id~; to i~f:~i' fOinter .flpw .: .... 

'. ;,:."." ''>':.' :':,.:.-.':~.-" "::":'-:'-.', :._.',,,': :, ..... : >:~:.:~ .. ;,:.".' ... " ~"<'-'::': .-- ..... "'.,' " .. " ~ 

condi.l:ions·CBH·l$eland, '1968; .Baker~ 1973;· Eyrion~nd·wdker., .. 
;. ,.' ,~.' . .. '., ", ,- ..' . . ' '. . . 

.• ' • "._. _,' _'" •• ' -':',' "'~", .::' ':': ,,/./: •• ,~ '. i'· " '" '. ': • ,.' .... • ... :" 

.19'.7 4 )::.Few·s~:~dies,ho~eve~.~·:~,~ye. j~t~~l1Y tr"iedto disc~rn .. 

, tliemairi" cOnhols of sediment 0:'ran~p()~t>'~nd flow . condi tion!!' ., 
',' '_'. :, .. : .... , ,'.,~',' ',":'.,., .'~.-.~. ,.:, ......... , ':'-".:."~;"' .... ,.:,:r': .. ' 

.... 'cliaractedsti-c'qfW-aveLst:reams ::H~el1~!=hals,· 1967;.Helley} .' 
' ... ' .:..... . -. '. . .. . . . " . " .. : .. : : . '- '- .~.~, .::: ...... " -' •. :', .... , . . .'.' .. '.', 

.' ". 1969;. H()liihgs~ead, .19,71:' WiJ:,ccick ,'1<971); ' .. iip5t:~f these ~i.' 
" ." 

. . • . • _. _, ",', , . . .'. _ '. •• _. '.' "i' -:_; . .': .~ - " ,~o. ". . 

·.stud~eshaV'e.been conducted 1.n. water:'AepthS; ·be,.tween ·.3'"a'l1d: . . ".: ',:, .' ':,':"" : :: .. ; ...... ,'_': ,~. '~ ... , ~.', ';-'\:." .. ; ~<. '. :' .. ". : ., > . .':' '.: ,1 '~".: '. :.' ~ ~, <_ ~.--::. ,'i:- ... , -: ,.': ': :.' " ,"-:. 
30ft," and it '!naY'not~e cor.rectto. apply the. same chydra.lilic, '. 

'fo~~i <i"\~ . th~Shailow (O.5~J;O·ft~~e~)graveil{c~a~n~is·"·'~> 
",.' ..... '.,. '. . . .1,", ' ,.; 

, .' ' . '''" '.: '- - ,:... , ... '. "~ .... ,.'. " .. , ... , /,' , ." . \ 

of.t:'he.Ki,cking .. Hors·e River. system. • "". . ' ;-;. '~.', '" " . ",: '" ..... ~ ... ". . "' .. : ,'. 

, . Ot:iitio\lsdiffic\ll~ies in applyirig hYdraulic'fOrm~i~e 

.' -:".' 

.. : 

, ,," 

" .. 

' .... 
:, . ~ -,;.' ... 

. (. .. ' 

.. '. 

'to shai lowsys terns'ai;isefrom' i~teractiori~ betw~e~ large cr'ougpne~s 
..... ' ,". ' ... ,' '. '\,.: . ,', " ' .. ,' ': ...... ' .~', ,' .. ," .,:~ 

. ele~nts~nd t~~ flo ....... '. Fotexam.pl~, turbulent eddies shed' 
t,· . " '..' , " " - .' , .. ', I" 

~roc cl;l.e lrrge'.:.ocd particlespr~b<!blY disl;u~tthe entire 

fl()'.o". and thc assumotion 'of a .logarithlllic veloc'i-ty profile· 
. " -'," " ' - . '. , 

'ma:y no lonoer wvalid.a~o 'frictionaLcontributi'On!r~~ the 
" ". ..'" 

. . . . ....., ,f'. . 
·~.d irregulari tic.smay be . very h.igh,. Also, interac~~o~ " 

. ,o:tweenpa.rti1cles ~ntrans~ort a.nd b.~q. roughf;~,Ss elem~n.ts. 
, , , '.' ., .. ",)' . .~ '.' -..:" "'- . 

r::ay. hav-; a signi Heant e Hcct on tl:leiniH~.tion al\d mairitenance . - . 

of gravel ;n.ovei:l~nt. 
., . 

" • '". '. 1 

L'aCk of con(,ldcnce iri- ?PP.lying existirigsedim.ent .. 
~. .• " '\' I" '. ' •• ' 

tra·nsp?rt. t~eory to coarse~gr.ained shallow strearns.ys-tems .: . 
' . 

.. ' .'-

:. ~ " 

,"-: . ~, 
, ' .. 

. :. 
, .- . 

':." 

" .. ' . 

.; , .. 
" ...... 

--" 

"'f" 

. .':.' 

', ... - ..... 
' .. 



I 

I 

' .. 
-.;'- ''.. "..!.' :. ", ", ' 

"r ," 

"'." .•.. .... ,': 
.', .... ' .. 

.... :':.'. ;': 
~'. ' 

. >:. 
.:.: .. ;.. . " " .... .' , 

. :." 
.' .. 54 ,'- : . ',..; 

':;"-', .... ' 
.;,' 

":-'.- '," 
":: ~·I .• 

. . " :.~> . '; .:. . . . . . 
..... . . ".' . '.. .:}:', 
'>"\~'.';' ~: . :_" ':_,:"0, .•.• "'. ~~., •. , .... :~······· •. i.·". " 

.~ -":' .. ;'>"';":'\.'.:~.:. ·~0.:···o~::~~;·· ....... ,:>: .. ',-. _.:':', ',,'_' '.,:~ .,t.''!":'" ~:: • .'. 
:',,:.;':- ',:,' .. 

",:.:. • .":': .. ::. '-'0-' ,'J ,:-:' 
: ....... ~ .. ,'" ~ ... :~.:...... ., .!., .....•. ' .. -.;' .,~ .. " .,-", .. ".,-. "," 

" . a1s·0. prompted' an. inve~tigatiO.n .of· gra~el transport" t:::m·.·sh'clllow;: 
_," ..• ,.;,,"y .... ' .•. " ',' .,~~ .,,'- """, '0' 

braiCl, bars :' ·.I:t. ,is doubtful t;h-at st'udfes,' of sediment 'and "."." 
. . "'" ," ' < .. ;-.. - .. ..J. /. .":0 

.: .. ' 

'., ' 
".: .,-". . ".'.: ' 

· , 

.' , 

"."'.~7:"".' 
.,':; :'.".; ," 

.. : ..... :,,-

. .':. ..... 

'. '.' . :;.;..,: .:, 

.•.... ,' 
.. 

',~, ' 

' .. ,-

;flUiddyn~~S=s<wd.l· ,pe.abi~t.;'predic~a.ccuratelY·. secHmerit .'. 
. . '..,. , .' . . '. .; ~-" ;.," ;. . . '.:' •.... , ........ - ; .... . 

.. ';.' :'",-... 

'. '. ... :. '. '. ..' ..... .) ...... :. .' ~ •... ' .....• ,.... . .' . . . ~ 

.·inOtionof'.coarse· sedii11e~ts, : but hopefully reiatively ;ciude • 
'.' ," . . ..•. r.·::·· ... \ .. ...... .' . .. . : .:" "',.., . ..:.".... . 

..•.. ; sediiil\!nttransPoi:tmodels c:anoo, used' forinte~pi:~~~tio~ bf' ". 
.. " '"'' . '.... ...;. . '. . ... ' 

:' "':' .. -; . ":. :.: ..... . .. : .. '." .':' ~ '. .... ;,,: .. ,.... '.'.:: .. . '~ ". .-:-.:. .' .' ...... . 
... anc'ient; 'and'recent; dePosits," . It'was hoped 'that in 'situ, ... ' . "'-. 

' ..... '. '" ": '. '.; ... ', .... ---

. .... 

..'. 0 '. ~ 

. ... ' 

. ' 

... . . 
,. ·measur~~~tSOffloWP~rame~.~ts, . ~;oad 9.ra.in ,size"and bar 

migration'rates' wotildallbw some limited 'precii·ct.i~>nofl·'· 

" ' . , 
,. ,-

: . .- ... 
" '.,,;,'.,' .. '~'.. ". . , . ....'": .•. . . '.~. ,~,: ' 

incipient mOtion 9f c:6~rse: p';'itlCles; 
~" . .:~.' : ': '\' ... , .' ..':':" .' . 

':.: 

.. , : 

" ." 

" . . -' .. !.:~ .' : 
;. .' '" ~ 

'-' . ", , ,. .. ' o 

" '. .," .. , . 
. ,,'. ". ' .. .. ' . '.' . .> 

· ~ .' ~. 
.... . .. ... ~. \., ' .. 

w', .' 

" .- ' .. .... ".' . " , . PROCE.DURE 
'.... ' ~'. ' ... '. )~~.' ". ': 

.. " ~' ... ' .," . . ,.' 

. " ..... 
•.... 

' ... ..... ... ' 

, '. . Tti~p.urpose'~f th'is:.invesdtjation·was to ~ try -to 
· .,0 '.' ; :> .'. :'. . .'. '. ': ':0 .;\. ·t~. .' ,I"... 
@ d~termil}e. hydr;lul .. ic:- conditi9.Ji!s·ne.ces!iari' for. ba·S;. growth and 

. ' . 

." .... 

. ,df!valopmen't,: todete~in~li1igr~tio~' rates.oib~rs .during -'." .... 
.. ' .' • '.', t. . ". ~ . " . • .:':,.'" ., .... : ' •.. ' .;:". : . '. ' :. I' .... 

single.discharge·cYcles. and to.examinethe sort;lip.g of bedload 
." .' ...' .... . 

," ~ , <!,' ;.. /I .•. ~. .. 

· Oaterialcm b~surface5" Thc obs~rVil"t;iqns wer~ restrict",d 
. . • .. y 

.... ;~ tra~sverse'bad' moni tar cd !iu~ing risin'g(:i'ail;'dis~har~e .'" '.' ... ' .... ' ... ~ 
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Twc . stat.ibns 'weFe: .establi~lled':· ' . . .... . ... . 'd~~'i:ng low f).qw pe.ricids ~ 
. . " ,;- ' .. 

.. Q!le ·ato,t~e.ilp~tr~aIn' .:c~ntac~wifh ··the .ccn~'er~ence.· ch~~dei·~·.and·' 
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.. aneat thedolfflstream .fcreset .margin:·(Fi~ure<2lAL '. Dudng:"'''~: 
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.' .- . '. ' ." '. . . .'. ," 
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con~ras:t' b:etweEm ttiese two studiesi~that thepresent'stu'dy' " 
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, measlire~ floweonditions andbar:migratiol'l":c;ontinually ',' "" 

,.- during,rising stages ,whereas' N • 'Smith .; ciat~'~er~', b~sica'll~~~',< 
:v .:. . '. 

instan~aneou's measurements' at, peak flows.' It was' hoped . ' , . ' 

that by inea~uring flowgondi tionscit cirily t:wo stad.ons'~on· 
. ,.' .. ' -.' ... ." '.. .'..' - " " 

"the. bar slirfac~ '~nd :!:'ates;;,f migraiion -of"the foreset~that 
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better under,s tqod. • 
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,Sorting tin diagonal~ ba;:swas' ,not examined under 

active :gravel t~anilPott c,ondHi~n's, due to th~' more' co~p.lex ", 
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floW "patterns over; these bars.': pnder low' flow coriditians 
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measurements of, ,the 'dimensions of the tim largest p,ebbles, 
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surfaces were also measured between- ,the 't~o s'ta'd,ons" ." , 
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, Diagonal ba,rs with 'fo~eset margins were not examined, because' -

,;) these:' bars ar~ a trans,l tion~l form: b~ .... 'een ~ia~onal bai-s 

with riffle margins and transv"erse ba s with, foreset margin.s. 
" ' 

, , 
.... :~. . :, " ., .' 

, ' " 

, '" , " 

. " 
" 

':;.' 
',,' 

'Q' 

: " . 

,.',' 

i,;l 

.' 0 • 

" 

," 
'" , , 

. , 
'" 

, . 

, . 
, , 

, 



r . 
. .... 

... ~ 
: .... : ·'t· ...... ,. " "-" . :,' ,":-

'.' " 
" 

I' 
i" ..\ .. ~,....' 

OBSE;Vr:D' f-LOW C0NDc.TIONS- OVEI\ GRA vir. BEDS' ,', 

: " 

-, . " .: 

'" ,:.' 
',S8, ' 

. " 
i . f-'l( :',' , 

/ '. ~ I , . 
'/<' 

.\,. 
-,", 

.' 

" 

" 
, , ....... " 

.. '" 
b;" 

~ 'list<l_f~Ymb6lSti'~e,d ,in~t~j;ssectipn, isgi~7n, in 
-. 

. ,,', . 
. , 

.' l, .", • 
. -... :. 

1.'. Estimates ,of LIed ,il.oughness 

.... . .' 
, , " 

, ,. 
-', • j 

Estiniate'sof bed, rou'ghness can be 
~ , . . . - ~ 

• 
s'elll.iiog'plots'of:velocity profiles, using the l,?gatithmic 

" . ,. ':','\'~' '. 'Il . ~ .. ..., 

" .-:. 

~ .... 
velocity<l~~;where "-

: .... 
/ .... :. 

,._ ... -

.' . 

'" 

" 

,; . 

'f}' . 

"'.' . '.J,' . t. ',: .. '-,' .. 
~. ~. , . 

" '," , 
., ',' \ ,,~' 

. ',~ 

\. 
........ : 

,',.' , , 
" 

zo' 
u ... ' 

'u. c 

,'-... 

o , 

\ . 

5.75 'i~g(30.2y) 
, ,ks 

, 
" 

. 

" 

: -' '. 
" ~ . 

, , 

" . , 
" 

, .. ,( 3)' 
.--.~ 

: 

" . 
Ve.l:oCity profile measurementS":are' given in Appendix 1." 
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, ,',Se::iUogar i thl!lic plots' o~ thc.measuredvclo~i ty. profilc'sare 
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, . ','" . \ 
shown in F''igu'rc 22.' Calculations of the estimates crt' bed . . .' ! . . 1 ~ 
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roughness are,' shown i.n Table 4. The, il-verag~ ks yalu'e ,was, 

0.596, whe're It 'estimates r.l.noed, frorliO.118 ,t:o'O;'875~ 
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" .. A,lternatively, ,if i~ is 'assumed ,that ,all the - , ' ., '. '".' . 
, , 
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Gravitation~l acceleration. 
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. She.ar velocity.R~ons . '.. .: . '.". .' '" '. " . 
. '~. :. ": ., .. ,' ..... '_.' ~",~.: .,-::. ''', ·.l~, : ""_ 

. Bottomvelocity.~asurements .on. active bar slur'faces' 
., 

, :: . 
.... er'e obtained wt th a'. stand!lrd Gur leY-p.r.ice cUTren t meter a t . ~ . 

: " .. -. . . . .' .. ~. , 
depth 0 ~.20. f,t. from tho .. bed .•.. Because most equationsi-nvol ving . 

gedim~nttr;:a?:Sp~~y\utii.i:zet~~ a~~~"'9~.'~rshe~r· vel~it~es:;' . 

:',: .' ., . 

"" , ... .... , . 
. .... 

..: .• ;'~. '.: ~! •. 

.' .~ 

.­.. 

.' . , 

..... : ,I 

, .'. rj! l~t1ons," tie, .. w~en . these. parame'ters and' /IIea~u7ed.· b~\tom 
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.... '·'An ~mpiricai 'reiation" ~tween I;>ottoin velocityme-asUre-' l 

nientsandaver'agevelodti.es were ob~ai'ned fFom ,the:, vel,?city 

pro'!ile~~~a(Piqur'e :22', APpendi~l)!'rhe average velocit~', 
-'. '. " . ~. .- , .'..,' ,,' ..... '.". 

'is defined .as·t-hea~rage of the velocities measure at'depths 
, .... ,- ' '~. . 

> 

corresPonding to 0,2 and~0.8'of the ,totH·deI;ith. These 
· '. . , G. 

calculatj.onR are given in' Appendix 2, 
, . . , ' , 

A linear regre~sibn .. .. 
· between bottom"velocitv 'measurements a:nd aveFage velocitie's, . ~ .. . ,. .;,: . . 

'.- . 
·.Calculated .fro:n the' velocity. p·rofiles) gives the' following 

· rela'tion: 
. "\" 

, . .,.. (7) 

• 
The relationship.between themeasured.bottorn velocity 

and -the sh~a.rve locity was o~,tained. from equation '(2),' where' 
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• og • k 
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. Calculat,ions .o~thc sh~llr :,and avera.ge, velocLties '{rom meas.ured, 
.~ .. . ' 

bottomvelocitrd'ata are,sho,wn in' Tables 5-10. 
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grains' 'on'bar :sur.taces, ·field. '. . ". -.' 

". ., 

·:r.easureJ:lentsof bot,tom velocities" d~pth, slope: and sediment 
J O. I. 

grain s·ize. were .iii.ade, at upst'ream and downstream stations ·on. 
, 

Grain .sizes were df,ltermined from' the teri 

la"gest ·pebbr9S. on the bar' surface • The largest upstream . 
• 

parti'cles were interpl:eted as grav~l lags, where the same 
" .' , ~ . -, . 
pebbles werel!ui te co·r..monly encou'ntered in recurtent~ bedioad 

, . . 
, ., 

samples .. Largest do ... ·nstre41l" pebbles "wer~ seen'. to be' actively 

transpor~e.d in r.:igra:ting b.ar robe: fronts. . These qual i tative 
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observ~'tions. support t~e prop,os,ed hypothesis that bars ."( 

ini tiate ~ro?'1 re .... ork·itlo 0" diffuse grave 1 . sheet depo's its. . 

It ..... as thought tha~' ~c;sured hydr~uli.c '.aata d'urin( the period;'· 
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,,' st,ati()nsin"ter:ns ,of . flow. cO,nditions' necess,a7::Y,for .seqiment.· 
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. .,'j ~'~ ans per t :~()Wever , ." !Jhea \} t~~s~e~\c~ lcu lated . fr,o~ .:e~~~t i~n 
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producing' ioca"lly non';"uni form, unsteady, cond.i.t:ions. ,Ke1lerh<l:ls 
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!ormui<1(!. correlad.nq;~ious 'rive~ dimensions 'with,~low 
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p~rarnet~rs. -·His.· findi~gs ~urth~r' decrease,c;·onH.dence if! the 

application\ of .hydraulic equat:icins developed for. essentially 

"two-dilllCnsiona:i· ·uniforin fld'W ,conditiol}s to flo';'s .. which are· 

.' unsteady, nQn-uni forrn·. and. thr~e':'diinensional. .. . 
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'.' the upstre'arn ~ag,dc!l05Jt.s. frorn!:hedownstn~am gra.vels"· in .. ' .;.' 
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, For~his r.easorl; rneasu~edb6tt6mvelo"Cities we~e convett,ed' 

to shcaiv~10citics';~in~eqUatiOn(9') and data, were replotted 

. . 

... ' 

'.' ·in . tigurcs ,2 SA-2SF .. ' 
. -~ . .... 

.Ot.her es~iniates. of the. Al:lear veloci ty based u[:ion 

-.,' < •• ' 

'. \ 
.' 
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Because most of the bedload sediment was. ?olqmi~ic 'in. com.!?osi.- .. -

, ',' , , • _Q. • _. • ,'.I / \ 
tion', the. density oJ dolomi te (2.84. glcc:): 'was assumed' to' be 

, . " '. ., , , ' " 

the ave~age densit1·of. the sedi~ent (p') .'··.:· .... ~a~e~ temperatur'es 
'5. i I 

and suspe~ded: se'dim~~t c~n~~qtr~tions' webQ 'm';~ured at va-rious .. :.... . . ~.- . , . 

fluici:;dens'i;ty. (Df):' 
I " " 

:'Risults .from these 'calculations .are 
. ',i:' " . ~'J 

plotted in. figure ''25 ~s 

" 

.. ' 

thecr.itic·al shear velocity.; curve •. 

: co~pari'son~~-;..ith the "field 'data (Figure 25) show 

that despite th~.·fact.that critical erosinn veiocities for 

" . • -J 

initiatio!,\ 0" bedload movement were reached,in'most,cases, 

at the ~os.tream sta'tions, . sediment was not transported as. 
, " -

. predicted' from' shi.eld· s criterion. This discrepancy· [s 

. thought tobep'rimarilydue to (1) . the' interaction between 

par.t.icles and large bed roJqhness' elements, vherepJ.votin~ 
, ' , . r' 

or .ov~rturriing of' particles 'may grcatly affect tl\eveiocities . , 
at-which bed-load' transport cor..mences, and (2) the.d.ifficulty 

> ~. ' 

in".obtaining· a true, estil!l3te of' average 'ocdlOad grain size . 
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Bar~l:Iigradon, Rates and Bedload Discharg.e Calcu1ati~ns " ' ..... ', ...... r···· . ,'. 
In,situ .dat.i"'obta'ineddiiring. tlTe~i.sing discharge. 

'" . 

" .. :. . 

""l 

-crete s-':'cin-'.transVCTse:-:bal:-s-ar:e-'-pre sented~*n-AP"p~nd~3:';-"Quah~ --'--------
• ." .' • ~., '" '," ..' :.. • " . ,.I. .., " • 

ta~ivcly', . by. exatil!nation .of'the 'plots;' the. fo.llowing obsel;va·-· 

tions' . are l:I.'Ide: '. 
. . . ' ., ." . \.' 

(l) . Wat.~r depths are' 'fairly c-onsta/lt at ,both. ups·tream and 
~ . p . . . 
dowllstrearn' stations throughout .the rising discharge , 

.period.: 
\ ," 

.. ~ .. :. 

. (2) 
.\' 

.' Slight incr~ases. in average grai.11 size':.:of the ten 
. .. ..\....... 

,.,largcst .. pebblesat bofh 'stations'correspond to upstream 
. . \. '-. . . 

~elocity . inc'reases: \ 
. ," \' 

. (3) Barsmigratc'dowristream -ith an averag~ rate of 
.ti'. . . . , . '. .. ' .. 

. 0.062 ft/::iin; The 'advance ratesv'aried from 0'.04 'fti:ni~ , 

to 0.137 ft/min; 

(~) Bars migrat.c"do-..:nstreaI:l in 'spurts, rather ·than 
. ~ 

.. 
continuouslY" .trn:ough rising flow conditiollS. 

Maximumdownstre'aI:l mi'or'lti~n' rates' of bar ·"foreset . , ; .' r: .:.i ' 

margins ·coincid-emost.closely withr:laximur.i rates of . . . 
v'elocity inCrc.lse\ at ·the .upstream station .. 

A -plot, of gravel diScha;ge versus rate of increas'e' of 
~ ~ . ~ 

Ifel,ocityat the' upstre·a.-:: 'station support ·the. abo've relation 

between bar migration rat~s and upstr~~ velocity fluctuations 

(rigure 26). Gravel.discharges per unit bar width ~ere 
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calculat,ed as . .. ~ ..... the' product of' bar· height' tillles bar advance '.' 
" , .. 

. ~, rat~s., Gnlvel discharges. per unit bar·vid.th ranged trom. 

,. O.052!t3 Imin' to a .178ft~'/inin, vi the '~verage :grave.l 
.---.. ~ .... -.. --.-.. . '-, -\ _-'-' -.C-~:..-,--:-. __ ----'--_----,. 

'd;5Ch~rqc eq-u~l:to '0.08 ft 3/min. Gra';el,discha~ges show no ';", 

--". 
relation !oIi th er ';'alues ,which pro/;>ably 

t 

r'eflects t'he' gr'oss inaccuracy. of the' shear stress values,: 

obtained 'from 'the mea'sured' field data. 
,'. 

The observ~d'correlati:on'~tween bar migration t-a~es 
... . 

, 

:: . 

" 

and; upstreat:l .velocitv fluctuations ~an be explained in :te'~s 

'of the.'dYf.fuse' gravel sheet modeL 5i ce the 'diff~se, gr'ave'l 
." : ')I:' 

" 
" 

sh~et5 ,consist of a poorly s6rt!dmix ure 0' bed.~teI-ial,,·, 
.. ';" . ., .. o· .. 

sl:laller particles ar,elodged in between the larger' pebbles. , 
. ,..,'".. ' .' , " .' " 

:. certain high velocity increase" is needed to jostle and pivo.t 
.' .. . ". . . . (... ,;. .. . 

the larger particles" 'exposing' fine'r grained sedime'nt, which 
. '. . ... . 

is then' transported downst'ream. as' a' bar fom.· As 'a result,' <' , 
• • "' t _ _ ' .. . • 

of 'thi5' initL'1l vinnoJoling :of the top gra:·ve1,layer .. , Ii' large 

coarsc-g rained :oavement '.is,.deve loped in' upstreajll, sections, 
, ., . 

.... hi~ll p~otects ~ndei'lyt'ilg H'ner sedi~ent fro~ being trans.-
, . , 

~ porte~,. :urtherdo..m!ltre'at:I migration of. ,the bar.", 'front depends 

uponre'current hiah velocitv1.ncre~ses in' upstre'a!lI ~ectio'ns, .' .... . . 
:, .... ~ich di!;llodge the. larger particles,; again exposing finer 

'sediment~ ,t~ c~mPete~lov~: For this 'rea;on ,: bar,' (ronts 
, . , .. . . ~ . ~ : ,. .. . 

seeQ'to advance in spurts, rather than'continuously during a 
" \ 

, rising discharge cycle, where 'high rates of upstream velocity , 

~.' ". 
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:::':=-iiicr.eaSe:s-occu.r-:only'·oeca1l1onally~·.~·:··:: ." '.', j." . ". ~ :: .. '. , . "'" .: 

. ~'. ". ':'. __ ' '.: .; .............. : ... ,., .. :- ":'.;;'":, ~<~<~·.~i· .. -'>_L'-:Y.<:-·::· .. -.-/· :,,'_ :',,'::;~~ ':,-'j'";:.,, ..... !.'. '.~:' 
• • aeeause. it' was.';!Jipdllsible.to·,'.obtain. reasonaple.): ,..' 

" " . I·:····· ,'.-:':' -·: ..... ,I~ <.":::_.:: .-.;'.- .... ::·.:~-'_f';;-·:;: _:."":J:','" ,,'. -._ .... -:;~" .. : .. -'; ~ .~' 
, "es~iJnates q-f shear .str'es's·v.aluesor.'cr.itiic:dshear· ·vefoci tie.s;," ' .. ' 
.. '. _.' .. __ ~ __ '", :.'!,-.:; ..... ,,' ... .'.,'.:: , .... ' .. '._~.:. '. ~ .... , ........ :.,_ .. '.:::._;: \.".~, -:,J .... <., ,,:," , .. ". '." :,' .... '. '~:;." 

.oe4suredgrav.~ldischarge~ eo\ii.~ .. nqt, , ~co'~a.reci~.~·ithdls.~,.:: '. 

char~~spr~d~t~d. fro!"~e n~~il~' bed'load. tran~~.ott ·f~.rni;;lae< 
'(i.e,., theE~nstein.>,or:~eyer.,;"Peter '~dio'~d triri·sport;fcirmulae) .. ~. 

r ' •..•. -:: .•. --:' ......... '- .: ...... ~'-"', ,:'>.'.~ .. "".~ 

Iloilingshead :(1971) In' hi,S .s~\,\dY.;Of ·.s·edime~\:,l.tca~!~Port'·in '-.: '. , ... . 
• ••••• .' ft,'~ .... , •• ' : - ............ '.' .-:' "~",, ., : .. .. 

gravel 'rivers' of the Xi.beita:f6ot;hi.ils·pr~pOsed an,.ii~lternate)·. . ;;,' 
.'~ '::," __ ',' '._:':.~."" ..... : a': .. , ',' , ..... :,:~: >,: 1 ••.•• ,\ . 

. ::lethod to. c.alculate bc-dloadd.i8chai;ge,:. in. coar!iEl';'gtli1:neQ" :' ' .. 
.' .' l..._ • ' .' • - ". '.' :':'. '. _'. ,-: .. ; _' • ." • :,' ". ~: .•. ' •• ;. ' •.. :: ( -. " '. 

~treabs •. 'l'hi's method is based on ~ .. fie'H' determination: of . '. 
. :. . ,'. .,' . ", .', '.", ' .:. ',. '. ... .. 

'. p":r~ial flt-!id· disch~r<1~s ~ntribudnCJ" td·tt~ h~dloall transport· 

\'" '" 

, .. -. 
' . 
. '." ., 

. ~ ,,/ 
~ , . 

. and on anafysi's ~?'f, n~e~d~ta'~~'co~p~;:ii~;~:);.'The . "'.';' '.',':, . .' 
. . '. . .... ,. . . ,'.... -' ' .. 

,Hollihgshead (1971)metllod isdescribedas.follciws: <-
Q • ,': •• ' • .~ .,' •• " ':", •• ~ --:. ,', ',' :.", 

, 

.. '''' 
, .' 

.. " " .:' 
, . ..' .... ~'. . •........... '.' :: •.. ,t :: ,,' '. 

(1) Partial.fluid dl,,"hllr~e~~ contriput,ing.tothe bed.load 
. ,', 
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':.:"\ransport·ar'e c·al:cu:\.atE!d.:. 'Becau~el'f~:e{d' dat,a..·:in , 

". -- ~h'~11 ~~\,\dY' ~er~~'~a1n~4~~~~in~s,/-tne-~~'&ia-l~'::"':'':'" ...c' - ••• _.,-,--_.:,...:c~ ... _,_,_,;::~~~ __ 
" " " •.••..••••• , •..•• Q •• , ..... ..~ , 

• ,;. fluiddi~chatgc .. 'at the .I:stati.ons '.wascqmput~d as .. the " 
. \ . " . ·~t """':. '.' '" :,.' "-' " ··~:>,-t ... , 

•. .' •. product of.the_d,~~th,.~,~ ·aver.age veio:city,: ..... ,\ . . 
.' (2} C?bper's' (l97tl)!1uine data 'WElreuse'd '.toobtain,.an .', ." . 

~. " ....~. _.... . . . 
,eat.il!late of the concentration' bY.lOdght of the 

bed-lIIJ1terialdischargc lrip'art~ P~/hUn~red thoil~'a~d. 
, ' ,-._ " .. >-,.:: . :. , ,'. .' .~ --- c! 

, To ulle hi:S dllta ,th~. i6110wing '~wo quan,tities wer~ . 
'~'\1_~ • ....,~ • , ' '. '. ,~~ ~.' () 

. caleul.ated:. 
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".," ....... (i.r .. • .Fr~ti.de.n~~:~F'!I; ~r~pi.(ps:- "i)t.rii~ /~Dl' 
. (ii)' Rati6 ~~t..,een:th·~:·depth.~~ i:.he~edian '9ra'j,n' ...•... .• .•. 

. (i·sY· 

. :' 

. ",' .size ~:DfMd .. g.'r.ai~·Si~~; .,., '~(~6') ..... --.. 
,..... :.~' 

In:t~e prelient\study ",?sf, of" tl'ie:·rroude "timber. va'lues',' 

(F'.··)feil·tieio;':' therarigEt .. 6fCOoper's'Uwnedata;' 
'. . " ..... . '. . 

c;o.nsequentiy,them4xi~Um F~4cle. number ana Depth/!1d 

grain.l!i;e vaiues ,were. us.ed,,: where: 

. ~.' ., 

..... 

'. ". ", 
F ." \ .," - ... ' 0 '4 
. 'lIlaX: .•. 

..... -' . 
. '. \. 

. , .. .. ' ~ 

P/Md gu. !nsize" -30; . max· . 

, 

. "- .. 

'yieldin~ ,from. Coopez:' s (1,970) empirical relations, 
.. ' . 

-.. ' 

. ' a" max,i~wn bed-Ina ter1aldischarge; corice~,tration value 
. ,'. I . '. '.-' . 

ot : .. ' '. . , 
:. Cmax , . - 0 •. 00045 

" . 

The tdtal bCdioaddis~h~rge ts ~btai~ed ,as the. product· . . , .' 
(3) 
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_ .. ,--'-':,----------;---=-- ~-
: ot . th~ concent,ra.tion C

max 
anci-flle. partt.rt-r1-uid- ---,-,'-_..c. __ ---,-: 

". 

discha.rge.". 
o 

'. ~ ".'-; ., ,- ' 

• 
As' shoWn in Fiql,lre 27,. despite' the fair amount ti.f scatter, 

measured. qra~el discharges in the present, study corres~.:, 
c10!le1y.with tho.se values' p~edicted by the HolHngshead. (1971)' 

methOO •. 
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, ,3;~:.:Se·d'~n{':sordng: ' .. ~~s..,~~s~ Bars ... : ..•..... ,:, c. ' :-

". '.' ". :. ". : . ,.,' . 

..•. 

........ ' :Aslllentioned PJ:~vi.0u~~y; . th~~~ . is sOme. CJues'~iOrl Abo~t c 

. -, ' "," ., " .' , '. . ...,.' . \.. . . .' ,", ". " 

· bars. aligned pllra.llel ,tothe··current displaY·lIIarkeddownstream.-
. . " . . '-' -' " . , , 

fining . trends as shown byN~. SlIIithin.hi& studies of the 
f ;'., 

.. 'KickinqHor~e ~i~e;·b~rs(N.S~i th?'l97 4').. This fining trend'· ... 
. \, ~ . 

:dO'Jristr-eammay.teflect il),' di ffer.ent1Al'trAnsport of various 

size particles on i:h~ .bar ,sui-he'e:' (2)thewitln~in~ out:.·of. 
, .. .,.. .' - '. - .' 

fin.er • a e¥rnent:, ,f~~rn.upstr,e~~areas ,lei~h~g. a c0!l~se lag. 
.. . 

lAYe·r. ·in. upstream parets' of ~ars, . or· (3) a combination ,.of . both', 
. ,I'· 

· proces~e!!,. ~ .• ' •. ' 
, . '- , ... , ,." 

I~. 'orcicr to obtain:abette~ estimate of 'seai~e!l; 
.. 

'0;,'", 

sizc distributions 'on bars, aut· face sediment samples were 
, . ,'.:'- 1 . . , 

-: . 
scraped. from three footliquareplot~ at'up'stream and aownstream 

.. - ;.' '-' ~.'- '" .- . 
portions of ex, posed relatively unmodified tran'sverse bar . 

." , . 
0' .'. 

___ ~5_UX.t:,;1J:_e_!L'-Bllr5wer~· sainp~ed on gravel flats of the I0.ck~ng __ 
'. ' , . 

• Horseiliverclo-ms'tream,from the Fieid bridge, withsupple,-

Clentary data' obtaine from the Bath Creek .outwash flats.· 

Sar.p.les.w~re siev~d at full phi . (~t. i.ntervals for sieve 
" .. ' ' 

di.<'\rnf!tcrs, ~greater·than - . (16 mm) .. ·Sedime·nts smaller th.an 

-4~ (16 1"!111) .werelumped·together. It.was thought that. by 
• • 

· loOki~g only 'a~ .the co~r~e,r particles .. these would be more' 

representative of single high flow deposits:. whereas tl\e 
. . ' 

, ". :; _.. ' " ," . '.: .::: .. ~ , .' ... 
finer partiCles could have been' deposited b,etween the. larger 

" 

. grains. during subsequent low flows. cumulat'ive frequency .. 
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. greater'.than';4\11 (lii ~). . . 

: . ::':--'';'" '::"_:,::. '. , - ", ' .. : j.:<' ..... : >',' ",:. '--" , .. .-' ." ".'- :'.' " . , 
.. ' . .,·Gessler (1965) in ,his flUIlle studies on' the stability~,; 

. ' " I', • " • - .• "-"'-'''-. ", : . ".' . 

',~ . Ofgrav~lJclia~n~l~ fo,uoo··that; it was'. possible to ~te~ine .. 

~e prbbability' OfmoV~riga"given size of:sedim~nt"gi',en 
, -:r " .' , ,'. I ' . 

.' ,grain' si:zedistributio~' curyes 'of .·lag and' .er<'1sion sedi:nent.s, 
'. )'" ..... ... : .'.: '.' . '. . .. ' . / .', " .. ' .... '. 

: l(it;s' assur.ied.that 'thecoma up,stream samples from .the· 
, .' , . , ". . '.' - ... ' 

.' exposed 'bars. represent the distribution 
· . '_ , . - ',' , .... , I 

active" bars. '~d th~dO..ms fu~ ~mI~les . . . " . '! 

of lag. de. posits o~· 

from the exposed bar~: . 

represent . th~ . erQ'ded sediments.' f7'6m the. diffuse sh~ets which. 

: were. tr';nsported :as bar lobes; . t'hen' prObabiiit:'ies~o~ mov~; 
.' l!1~nt"ofth~gra.}llsi.zes of'~ecUment'at :~pstreamstati~lls 'on 

the act~ve bars can ibe estimated~\'he'fon~wihg relation 
~__ .,' r " 

· IlIOving t~ sediment at upstream stations '.' , . .. 
. , ,1. .. " 

" , (17) 
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.I., \ 

where ... -
glag • 45.3.:lbs/thrce foot square surface .area 

. 
·gba~ • 60._ 7 lbs/three fO'?t square surface area 
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" '. .; : '. . - " . : : , ' .... ' . .' . ~. . . 
.. , ,"" -;,' .• ': ...• '."."." ...... ' :,.n ,_:'. , ...•.. ,.. r·" -: :, ... ,' •.• ,: ...... ':-' ~'-::-'. '.' .,'-.::: ..... 

Thegraii\·dzesthat w~re:used'lnthis analysis werethosey .. ' 
, :. -". : .. \. ' .. -' ........ -:-: ..... ' .' .. ,..... ... .,' .. " .. '".' ...., .: .: . 

. ;"r~ci,~d~d ··a t.il~s ~reim; st~tiohs '. cluri~q . pe~ i~s'of:maximum~ar··· ., ... 
,'. . _. 1 ; .• -.. '- •• '. '. -:::., .. .._. '. . - .' • '.. . :.. ..: " .. ' -, "._-

.trans~r.!::" rate~.·~c, estir:iates~ere .lIIlI.de,~tf the:~robabidty .. 

:" ....... . .... 
.. ': '~'. 

"" .. :.. ' . .. '.' . ., ..... ."< .' . , -,: .. 
. '.' -.:. ;.' 

. .- . ' ':',-: . . - ". 
',,: .. ' 

~' .. 

, of a: 9 iv.en ·.grain' size. (q c::al.,ci . • rt;lI14 ining:: sta.Uonary, 
. •. .>.' 

. cO(.1~·espon~inq .. t~~xim~, 'mlnimUJ:I'Perc~ntages'cif,theg i~Em 
.. ' ,"- '.- .' . " .' . , . " ' " ' . -:., . 

. gr ain 'si:ze cmt.he~ui4 ti vefrequencycur;'e en~e lopes;" . 
:.- . '.' '. ;':"... ..... '... :.:,....----. .' ,.....- .' .-'..' ." . 

~ ,.... :.... " -:. - '..'. ',: ". :' '.. '. :'- " . -" . . . -... . 

(F'igur~ 2.8); ,"Results; froin' thiS . analysis. show· that the upstream 

. . " 

. .' 

·;>ebbleshalle.:an a~erage.probabilityof q~aic' .' . 
'". .,' '. - .. \ '. . '. ", .- .' .' .-.' . .' . 

;:(r~nge:. 0,452:0.911). for·r~·inihg.·statioi'iary·.duri,ng p,eriods·,. 

• 0.628 

, . 

;";--,' . .... 

" 

.~ 
." 

.,' . ... ' : 
.. ' . 

;., '.' 

qf, itiost 'active ba.r growth~·.Thisanalysis supports the id~a.that· the 

" 

.do-.il)Str.ea::l',finingt,re?d in thec9arser~~.ails\of' C!rain' size. ..' , 

distritJ.Ution curves m~Yreflect'·thedevel.cipme~t. of ~pstream' 
. . . I., . .-'. :' , ...' '. -, - . '. . 

.' . '. ".' ,'" ~,' . . " '.. . 
laggra"el' pavements during ~riods' of~veo-"'bar growth; Howe.ver , . 

. " . 

" t;he overall d6wnstrea,m-finincjtrend is more probably, att:dbutable 

." .' . -, .' 

I. to both lag :develop:nent in coarser 'tails alJ9'diffe.rential 
, .. .... :,.... ,:.,..' '.-.• -....::, -' ~' ~;-,-~:,~---,---~-'-:---'-~-t 

tunsport' of"the-"frner'~ediments r surfaces. 
, . 

4. 'Seciil:lent" Sortin9: .. · Diagonal Bars . ~ " 

:-:. 
, 

Sorting of sediment on bars which parallel currents 
.. ~ 

is somewhat understood. However; the most co~on bar~o~ 

.G- in the. o~twash flats of' this studyregion'~s the diagol'l~l bar 

fort:! I .'which migrate5-lob11guelY to main c\lrrent'directions. 

S~diriient~orting~n these liars6 
is ~t und~rstood. U ... Smith 

, ' 

. . . ' 
"~ .. ', " ..... 

974) stated that there were no obvio!lssize sortt:!tg trends 
, '---. 

dia,gon'al bar ·surface;;. This aspec:t of· the present ~study 

. ,r 

• , 

J , 

--- -. -. -~--~-~-"'-'------1 
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: ... ~surldcrta)t:erl:·toexamiric ?:ngrea~er:detail't·hC sorting. of· < 
. . - ., . . ',: . 

sedbents ac;ro.ssdiagona~~~~rsilrfi1C~~ •...• :J;.SWith·· th,eti-an~~erse 
•. ... b~r's~ surfaccsA-lnples ... w~r~ rom :three: f~t. ~quare., ........ . 

plots . inIlPstre~and:down freamsec~{on~ of.cxpqsed .. ', 

reiativei.y~ifj,eddia· on~l:bar·\'Ur~~ces ;" oiliYba'rs ·with· .. 
... - . . - . -. ...... .' 

'J •• :. 

pr.eserved rHf~ern.argins1oiere'Af8J:IPled~ . Dimen~i6hs,of·tre 
~-' ' " '.' 

. . 

: ten·l.lr13cstPebbles enco\Jnter,cdi~ . the surface ,saIriple~were .... . . .... .', '. . .' .. 

. !:lc:~su~Cd~, 51'opeso! the bar surface were also measured \ '. , \ 

' •• 0 

··bct",'een the.~pst·r~~.and downstream sample' stations.·FortY-six · ." :./.. ;'.' \ .'.... 

d'iagonal bars.';"ere·exar.linedin·the C?utwash flats·.·of the·· 
." .. '.' ' .. ', .' . 

· Kickingllorse:l.ivcr. of Bath Creek and of the 1I0rth S·a·skatche; .... --.;n ' 
. ". 

.' . 
. ' ' . 

. Results of .thisstudy ar-e· plotted in figure 29. The 

dif!erence in g'rain size{t. 'Grain' size)ist:he di ffere~ce in'·' 

. ·10·ng a.xis. rn.cas ur'c'::'Icnts of the;ten ,largest:. pebbles· between -' 
. . . .. 

upstrea."Il.and dO"''Tlstrea.'" snmplestations. Nf.}gative .... ~lues of'.' 

., 
. ' . . .', . '. ..... 

graine:c;.tlian theupstre/1ll1 seaiments; positivevalue~. 'of 6', 

.. ~G~lIin size ind;i.~a!:c ··t.~t th~ rna~gi~~l' sedimen'ts are'l=oarset·-
· . '. .: , ' . 
~~~lnad th~n tnc cpst~ca~ dQPosits. ~s. shown, in Figur~ 29" . . 

.- -~ 

th~ Sortinq trends·on diagonal. bar·surfaces seem to vary with 
. , " . 

. bar dePosi!:ionlll slope; On bnr surfaces witl) slopes less 

than Q.06 sedim(!nt fines d'OWl'\st~(!arn; on slopes apprOXim~tetY- .. \. 
. . . -~. ., 

e'1ual to 0.06 there 'is no differenc(! .in g-rairi'·si~e in d6wn-
'. , 

strear.l directiohs.;. on siopes greater th'an 0 .06 ther~ is a 

0 .. 

. . . '-",..' : .. ' .': .. ,' 
.' \ .' 

. " .':" .. ~' :.' . .. ;' 
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, , ... 

.~ .. 

, .... \. , 

..... 

. . 

• 



w"." 

, .'; ':', .. 
:." 

'. " ·0·::···· . ~<-' 
"""!" 

.; -:,' 

.... 

--.. , 

".: 

...... 
. - .. ., 

. ",. 

.. ".: , -~ . 
,; . .' . .... ,~'" ',:. 

, ,. ' .... 
. :' 

, -.: , "." .. ' , 
. 

". .-.:,. , .. ' 
,. 

"" , , 
.' , 

.' 
" ... ~ , 

-" 

• 1<.:'0 

\ . , '. 

\ . 

Figure 29; prot of 
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" d'o\lnstre,aIII ~ coarsening 'trend." , 

", 
. --'. '"\ " •. 1 

,_, The:re,la ticin~ tween sloPe and ,sc::irt~ng 0 t sedlmen,t' 

, on these bars can only be,~ypoth~sheilas thes~p',de:"ra7t,a,p',',ws"e,"or, e'n,'.' ' 
obtained during,i,nac!::l ve ,', fa-.:. 'f l~ c6nc(i ti6~a~' 

" 
;" ba~s :with'low:slopes; the ~orting 'hsimilarto that on' 

" ... - " :.. .., ..... .' 

, trans,';;~i:s~" bars,' Here finer • aedirnentis' winnow~d' o~tfrom, 
. : .. "-",'". : " .... :-'. ,-' .,''- :".':"~ .... : '.' .... - .. ,' .' ',~ ...... -' ... , .... '~" 

'upstr'ealll'areas ,and' carried downa~realll aa a di~gonal bar: foptl. 
,~:, '. .,' .'. ., ' . J' •• " .• 

Cps,~reaJri ,se'i'iments ':would be mainly a lag, paVement', resulting _~,: 

~rgin •. Wi tha~ iri'cniase in, slope. peroaps' ,there l,s a,na,dd,e'd 
. . . '. '. . ... ' .. '- " . '. ,- .. ' . 

'::lO.':lentu::l,'cont'ributed'to the be<~aterial in :tran1iPcirt' ahd 

aL':lOstall cif ,thea,~diment is transported '.on, bar,surfaces 
1\' • .' . '. '. ~. ", .' 

. .; .. 

'., , 
" ' 

.. , 
" 

. ' , 

. . '. 

• 

. 
\lith slope,s ~bout 0.06.' aarswith higher-slopes (gr_eat~r' , . 

. " . '. 

, '. ' , 
than 9.'06 ) ,may 'start to beh'ave as' fore'set margitis, where ,the 

coa:~ser particles dUdng avalanche r'on to the foot of the', ' 
. .' .... .' . 

'~ , 

slope, resulting in' ~n in:verse grading indownstreani, direction 
, '- . 

'across 'the ba'r, sur face. ' c' 

'.' . 
5". Conclusions '. 

, Inherent, di f.flculties in adequately salllP~l:ing coarse 
, , 

bedload ~terial is a' major' obst,acle, to 'studies, of hydraulic 
.'\' . . 

controls- of' bedload transport in g'ravel.ch~nnels. ijowever,' 
~ . . . ~ . 

despite th~: lac'k of, good sampling procedures ,general con­

clu'sions 'from the' present s,t;u~y can be, drawn about' flow', 

, conditions.'and' gravel transport' in sh~llo..t (1-'3 ft deep') 

braide,d reachclI." I 
:. ,.). 
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, (I) ,Bed roughness ,elements approxilllated,byt,!}esize ~~" , 

" 

, sedimEint ,corresponding ,to the" 35 p~rcenti\e of the " 
" . 

, '. . " ~ , . ... . 

. • .: ' 4 \" ,_ " ' ' 

iJrain ,size diStrib\ltion are much ,lower~'than ,thbse' 
",', ".... ' .' 

:. estimateS obtained by, other ,methods, . . ... Niktiradse '., . 
. ." .. ' " 

;,~uivalertt rou'ghness 'elements (k ) 'obtained from 
.~-,~~- ' , " ,s',,' " " 

thelocjaritlunic velocitylaw'forfuHy developed 
- " 

. ' , , J 

turbulent flow, equation- (4), and fI:om'velocity 
" _ " " '. . • r 

--profile, data, correspond :to the size of 'the sediment 
' .. 

, ' 

-.: in the 10 percentile of toe grain si~e distribution 
. ~ '. ':, 

, , 

, {2) 'Ma'ny of the basicrelat~ons ,pf'fluid flowtlo not' 
~ Q'" • 

apply in 'systems where bed roughness, heights, are . '. "" '. 
, ). , -' 

larg~ 'in'compar:ison wi!:h flow depths, 
. ' 

, ... • 
-~-q,L,r:i(jld m~asurements' ofhydraul'ic condition,s,' ,bedload 
-:----'--~'- . " ': '-. '. ' . . ,," ' 

sediment size and' bar, migration ,rates, uphold the~ 

proPosed'hYp0toesis tOat ba,r~ area result, of 

'~ ~eworking, of' original diffu'se gravel soeet;." Finer 
" • 

::' sediI:\eht is winnow~d out. ,of tOe poorly !lor ted '. , '. "/,1 \ " . ~.~ .'. . , 
, , , 

, , upstream deposits and ,tt'ansported downstream a~ a 

,true bar'form." Dev~lopment of a gravel' 'pavement in 
. 1', 
upstreilmsections during this winnowing process, 

" , 

" 

, . , '"'. ' 

limits th,e supply' of bedlUllterial to ,the bar fOr1:ll 'J ,. , 

, . ' and, hence, controls bar migraticn rates. Rapid 
, , 

,rates of' ,i~cr~ase i,n velocitie,s in upstream sections 
, , . 
are requi"red to di,srupt the gravel pavement and" expose 

" 
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'~"/ " 
und~Jly~ng finer JJediinent to nOWs~abl.e\of, '. 

whmOW,ingj,tout from' the' 'col!rserlaqparticles. 

Fo~,this r~a'son, max~mum '~ownst~eammi:gration rates' 

, correlated, wi~h mlIximur.i rates ofJ\1pstream veloci:~y, 

-: increases.' 

(1) ca'inputed'gra'vel dischl'lrgel1 acro,ss: active transverse 

bars are. closely approximated by the Hollingshead, --'. ~ . 
, , 

(1971) method -0& assessing ~dload di·sl:harge in. 

" 

( 5) 
. '. " ~ , 

Sort1.ng of sec!imell't' on -transverse ba; ,surface's' seems.' 
. ~ .. .. .. ' ' ".-," . . ." , 

to suppor-t'the hypothesis that ~he bars 'are derived' . , . 
, . • • r • 

from rew!'rki.ng.of dit'fuse: gr'avelsheets ,,', . 

(6) Sorting o!sedimenl' on diagona1 bl\rsurfaces is 

IlIOre comple;( and seems to cOrrelate."'ith~l?~r 
.,' 

depositional slope." 
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~;CHAP'tER 5; 
'. , . 

• . , 
MODEL I'OR:PROXlMAL-DISTAL, STRATIFI'CATION ORIGINS' 

. ' 
. . ~ . , ' 

" 

, " 
, ',' " e 

Se",eral workers have proposed sedilllentaryfacies 
I ..' _ 

,', ClOdels for shallow m~H:waterfluvial'gravef enviroru:lents 
. • . .~_ • ..: I." 

" 

" (MC~n41d anc!!' aanet:,jee,. 1?7Hi aoothroyct; 1972; Rust; 19h;. 

cr.ifto~, 197,3i~The ,~Ollowing features ~s'sociated' with'~he 
~---", '" 

• -' " , '.', . .' • ~ r. ", ,_. . ': . 

- ,do::linant, gra~el fac,les are thought to be characteristic of 

tlfis 'e~vit'ont:lent:fi~,~n,g":up,,,ard, "~oarsenin9-~pwa~d:' Plana'r 
'A 

", cr,oss-'stratif ied and mass.ive grave1.s. ',Host of these models 
, . "'. ~ 

.', 
o "',.' 

,have bee,n based, uro.n 'obsU'vadolls 'of. surficial se,dimen,t ' Q . 
distribUt'1Pns on, ou'twash fiats 'duri~g loW, flow condit!i:ons." 

. " .' , . 

'Pew workers hl1ve tried to' C,oJ::t~late bar growth 'and gr.~vel 
, ' 

.~tr~n~port t:'at~erns on ~I\r surfaces with these ·charactei'istic" -

\ 

, .-
features (II, Smith, 1972', 1974).' The following model- is 

, , , 

propo~ed for origin's' o!" strati'{iea'tion in-proX'imal and dist.al , 

r1aChe~' of ~ul;""lIsh, flats, "based 'u~n the results of the 
.', .' '~ ". I '. • , ", 

, ' 

'pres,ent studv dealinc... wi th' channel b,.rai,ding patterhs .(Chapter 3) .. "". ~ - . '-..;'. .... ' . - :'.' . 
lind g.ravel tr<?"sport ,on bars (Chaptt!1: 4). 

stream. , 

.:::: .. 
.c. 

" 
," 

All bars obserVed in the ,presen~study finedo':"n.,. , ' 
• <: ~ 

tiPstrear.\sections of bars:are characterized by a 
( " 

" 

.\ .. 
'. ~, . , 
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'pebb~esseen..in transport over' the' downstream,.lIifgr~t.in~. 

.... : : 

.,.: . 

, ... ,.! .. , 

"' ... 
.... , . . ... 

.. :':",., . ," , ...... ,.:; ,~ '" .,_. > : .~.' :'" -" . 
. 'lobe;5?r fa,ce~. Du.rirygdo..m:S·trc<Il!\migr a don .Of tra'ns.v.erse 

. .,. ", ,'- .' ~"'" .. ...' . ,."- "" . 

:;ba~. iQb·~.~, planar "cr.~,ss.-st~aUfi~d g,r'a,,:~l~ ,woald' b,~ .de.~osit.ed·,.· ' .. ',' 

.': oil coarser":grail'leachannei depo~ it~., Up6n ;~,~eq~!;!nt .. :'-'-. 
. ". .' -' : . .. . """ . -..".." ~ . :.: '.. . ".' . . . 

re\J=kin~ ;of tran~vcr~e bar lQ.bes; all ve.stigesofthe,' ;:r.oss-
'. " :. ,!~ .. ", ", ",-., . ' ... 

. ~ . str:a.tff,i~~t~iO~.IIUlYbC qestr.Clyed,.leaving ·a~massive.finet;',.. 

.~' .. '. ' .. -. 

. , .. ' 

.. ,,-~ , 
, . 

' . ...... 
'. " 

. .. 
.... , 

•. ··qrained bar, depositoveriy.l.ngthe coar!ler-grained cliannel '.' ..•.. ,' .... , .. ': .. ;-.;,... .... ~ •...... '~'. " .. ' .. ,". ~ .. '" ',: .. :."'.'-"" 
. ',sediments ..Ve~·tkal de¢osi ti()h' on bar<top!ldaring wanirtg'" ", 

" . '. ..' . • : . . ".:' '. '. ~ .' '.., ' " ". r \:' •. ' . 

Qd.js . could al'sopr6duce,iinl:n9':'u~~rd:'trends·. Deposits:' 
.' . ". 9 

. _.. . _ . . . __ . .' . 2';. . ..... d. . 

.. as.~ociate.d ... i th . tran,sverse bars. ",o}ll~ ~cqnslstof' predom·irta.ntly' 
'. " . . . ' . :. . -', .. " .. , .'. .'. . 

.. !{ni~q~,U~ard ?,iavels ,'>~i tho lenses ,of . dro~s,..stra'ti'fiCd' . 

.'t.! . 

~ .. -
.... 

" 
'. t· 

. " 
.~ . 

.' ,I 

.' .. :: .. _' , ". ~. 

: \Pining.,.up'ward .:trends' ~ari: als'a •. ,result: 'fron! the. in~inin.",'of 
• • ".' . . 4:. ~ . , . 

: ~ .' " ,_. • ' •• ' .1., ..' • ',' .: '-, ,. .' , .' ," '. • . '. '. 

:Bcconda'L'Y channels, 'or '~ls oylat;erall.y.-migrating_,lol1gitud:irial.·:·". 
~ ......... /.~,: " .... ' ,~. " :,::,~./:t.~ . " ":cl>; ::"1 ........ ..:. _/.--"-' • ' . .'. 

.' 'or pQitlt bar tyoes ,wheregrdri s.izes inc.rease. laterally. from 
... ' ... ,. ...• , .... , ..... :.1. .. 

o· 

" 

. , 

': bar ~OP'g ::t<:, . toe' seCondary cn{ll)n~ls'.. .' ver~ical deposi ~fon in 

.channels· ciUrinowan~n~:fl'~~'~o~t~-' also yi~'l~firiing-Upward'. ~, 
" . -

',' J 

grave I'.sequences. 
.. 

. . . : ~ (' , ' .. 
, ; Gravei sortit)g on diagona~ bll.rs'depends ),Ipori: the bar~. 

~ / .' . - .. -~. I ,~' ~ : 

,_depositional. slope. /Sars wit'h low slopes'-fine downstream, 

. . 
- ••• > 

. : ,,'>' ' , • • 
• ." • ~ , •. _ • .J' .. ' ,J' • • ~: " ' , ", . . . • 

')~h~re 9up~tr~~ dJlPosit~ a:r~ interjlretedas, a .1ag:;d~poSit; 
• "'. ' C! ," , • ' " , , 

8arswith-"i'n,termediates~6fle:!l show' no .. obviou~ ;size sorting. .. . '. . . ..' '. '.,', . ' -'. ',. ' . . . .. ", 

!Jars wit:h "high .slopes~gin. t~oei:lave' as, ava~a¥.jll;!, foresets, ~ 
." ,,' ,- '. 

\Jher~ coarser p.l1rticles, accUJ?u.r;l:~ ilt the .base of. the foreset . . . . , 
o : . , 

, .. 
. . 

. ' . . . 
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.. -' 

.' ,'" .. -.. .. 

. "., 

.•. adja~ent·.secondarychannel~ t,fiRincf.-.upw~r~cir. mass'ive :cjiavels·· 
. . ,. ,.,., '. .' "-.-"',-', . ..:.. ... 

··.:vOuld p:obablYbe deposlted. . Strata ,would b~'very,low ancfle.· 
-.:':',~., .,': ... ' 

." .' 

.' - ,. '. .""., ' 

. " - ... 

. ' ·,·i'Oo,;-lYsor:t.ed'massive gravels are probably the 
. ,'; 

result 0 f.hl.gh- {l~w tU tfu5egravel sh!!et d.ep6"sit:~iOn , which .. 
.: \.~ ..: . . .' . - . " " -' , . " , " ' " -: , '" . 

has~~dli.tt:l~·· OPpor:t~ity of. beillgri!worked during' subsequent .' " .. ',' 'J' :.' , . 
: " '.' 

. " .. -.,' .', " ',-." , .', ~ ., 

,1:, . flow ,c()l\di t;ions:' . Hassive gravel~ "'.hi,~h ap'pe~r better _ . f .r'l 

... sor:edan,ddisPla;t, ill-depl}~d horizontal.bedding are mostly· 
" . . - .' . ,- , " " " 

, ,~. ,'. .' . .' , .' 
. <!ttributable : ~o extensi~~J;.ewC!rking, of. bar and channelo;';t::, .... 

, , 
'. !: 

. ~ailh . sediments . 'Grav~llagsdevelo~ed ,at .upst'reampord6ns: ", :'-' 
, ' . : "-. ~ " . '.. " :. ,", 

of bars Ioiouidprobably bet:lanffest as 'cdarsepebble to 
'. . ' .. ' , , " . ", . , ). 

cobbl~":size s.trinaers ',in section;'. 
. , ',-:", ,'-"..-,' , . , 

, . 

. ','coarse~irig-uPS~q~~nces areclifficult to account 
, . ' . 

:tor .. ' They.'caY be a· result of .peol depos,i i'ion during lOtages . - . - , .. 
'of "in'crC'a~ina: 'discharge!i-twher~' the size cifsediment' left . 

" . .' "'. . . , 
"', . 

, as 'a lag in the convergence channels o'r poo.l's increases ·a·s 
• JS ". 

the ~9r.1pe.tence is increased.. However, 
, " . '.'" . it is moreprob.iliie 

\ that with increa,sing c'ompetence :former finer-grained' ":lags" , 
'\ .. , ' .. ' '. .', . '. - ":'" . ..' '. ',\ ' . 
... b~ld 00· trarisported, 9ut .of the conve;-gence cha.nnels t resulting 

\ .. . . . .' ,'. ' ' . 

1n a\single ·laye.r depQsi,t of coar7i~ ,peb:~les or Fobbles. , ~~st 

'~au~~n'g:up sequences report'ed f;d~ shailow ~rai'l:led .~I 
. deposits may be only apparent where coarse gravels .-a-re . "'V 

ci'eposited on rellUlants of formerly deposited fii:!ei-grained-
r 

. ·sedit:lents. Accompanying 
t-

. , 

the coarse, J?Cbble' depos i tion there 

-. 

., 

o 'f'"''-, , .. ",." ... ,."' .... " .... "''''''', .... ,''<''', ... '. ' .... ~. . 
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.... ,~aSP~~bablyer.O~iOn;f'pr~~iou~depcJSi~S·;b~t 6ec~use~f', ' .•.•• 
. ' . 

the ~oarse.~bbly '.' natu're 'Of' the~~'iluvial9ravels,' 
•• _ "~ , f _. .' ,,". '\ . .- • .' :,!:, : "", :. " ' 
impossib lete dis.ce.rnerOsionalsurf aces, 
, .... , ~ .-.... .' : - , 

'.' ·In.t;:o~~se-grained proximal reaches ,most. of the 

. ..... sediment is' i~ tt~nsport ~niyduring'l'li9h' fl~w. ho~ con-
~ ,"' . 

. ,ditions: ,C.r~veiist;anspo'rtedas.diffuse:9ravelsheets, 

on~ or Ct'J6" pebbles .~igll ,'Jhi'ch . di:s~layvery . little' se-ai~e~t 
" ''t7r : .': . ,'... . '. '. ", .' ". .• .. '. : 
.. ' .. sorting' .and' no forese\deveiopmerit c' Bec.iiuse,6f'-thei~rge .. ' 

. , "size' ~f, sediment J.nthes~ upstreamreac,he·s".there is very . 
, . 

·li,ttle. ,re'JorJ.:ing.·of' the~e diffuse sheet dep,?sits during 

. lover .' Uo:.;s~;. In'p~otec~reasof the main. channel 

there isso:ne ~e .... orking of ~~drtiie~t~int~ p~edomi~.antlY' 
. ,', " :..' . " 

.... 

di~90~~1 bl1r forms ..sed.iments i~thes~ proxim-al reaches I. 
" .? . . .' '. ..... ......:.. "I', .' . :'. '. •... . 

wouldprob.:J,blY be' poorly sorted gravels, with'minor"'a!nounts . . . " . . . , . ,', . 

of' fini~g";up .... ~rd'ilnd cros·s,strati.fied' g~aveis. 
. . .', . .' , 

'.' 

, " \ 

.'. In' finer-grained.do""nstream reaches ~ediment is ' 

'transported during' most of th~ warm summer months ,·Th~'re. 
" . :. ~. , . . , 

. is extens ive bar deve lop:n,ent; Bars 'seem to .initiate· ~s' 

di (fuse gra'Je 1 sheets dur'ing hiaher flows. Subsequent 
. P,' • 

rework\i~g of thes~ di! fuse sheets yieid true bar lobes ,the 

:>orpholog::' of .which depend upon .local flO',.. cond'itions. 

Diagonal bars with riffle margins and transverse oars.with· 

-r:- fore set marg ins are ·themost common types. Distal outwash 
.. 

gnlVhs , .... ould be pred~min'antly cross-strati! ied with, fining-
! . , .. 

up,and::1assive , low angle to horizontally bedded sequences', 
; 
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·P;U:SERV;\BILI .. 'C 0'" STRATIFICATION IN. MODERo':' OtmlASH DEPOSITS: 

o . ,," 
...•. 

, , 

'('.' .. 

. '~' .. ' . 

1:i7RODUCT.IO:: AND P'lOCE:lURE .. . . 
.. -t;.' 0 '/ 

,;" 'I'he capricioiJs natu~e ofthera;i~lY fluctuatng' 

'environ.~crit of valleytra:in . glaCial ~e'ltwat~r. stre~l make~' -
", ! . " 

:onc ,wonder i f·itis at a'll possible' to preserve reccignizable . 
. , . '. ,I '._ '.;' . '. ", . -.: I . ' . - .• 

. ":il(~~iinentl\ry" featurcs- in s'uch a ~ettirig. Most' mOdel~' o'f' 

'~hl!llcN' brai9~d dver' facies have"Been based upon~ediment 
'. . i: . 

distributions on oUt;w~sh surfacr-es with' v~ry • little: attention: 

. "iv~n .tcthe potcntial of such faCie~ being iDcorp~rated in 
. . ' 

tnea'hCient reco~d. For th.is reason,' th,e" preservability of 
. ~ , .' . ", ,J.. . 

.. -. 
sediment,Jr': !catures as,sumed to' be. characteristic of .the 

. . . ,.... . 

_,_c6::: inant gravel faCies "o'asestirnated by trenching 'exp,osed 

grave 1 .f lats of the ::orth Sa~katche .... an River~' 

The study area· ... as' located on the u~pe;:. North 
/1 . 

Saskatchewan Ri~r, abOut 5 miles upst;'ream frOlll the con,fluence 

with the,Alexandra River (~iqure 2). This particular reach 

was w,ell suited '!or study as there weie'~ar;lY relatively 
. L 
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' .. "',, 
" '.' 

. : ,:' .-; ~ .. ( . . , 
;'.' "i' , 

-' . - .... -'.~ .-' . -;::,.- . ,'.~" '.-;' 
.... ) .. :: ":: ",' ."'" -. ". '::.':: ... ' ..' ......... : . . ,'; . .-' .-

.' . '~:~fiCd,,~~,r ~ 2'~d-Ch'a~nei, ~o!llpie~ils .,'Ana:c,a ~f· .. apprbXima t~l'~> 
. .- .. _'." - ,"' -: . .' .. ' :: .. -''- ....... '.-. '.' . -','- "~.: ,,' 

135 ,o,oq . squaref,eetwas mapped :on' the, emergent :flats :s'hiJllo;" ',. 
, , • . . . . , .. .-. : ,,_ '. -,. . ,.I. ~ . 

• " pit's ,(avf!~agedep'th ;wa~ "2~5 ,ft; ran~e:1. ~-4;Oft ) 'were dug' ~y' . 

. ~ 'on.45~f60tCJr id: p~ttei:n •...... DepIHed"s~a~igr~phic~ec~ions·. 'c·' '.' :.': 

;, .~e~e.th~~~ lII?~sured:ineach ·tr~~ch •.• 'The fOliowin~,~imeflta,ry '. \ 
. ./ . ,':', .: ' :"''- ~ • • . "" ", ,tA· ' 

feat':lre~ .were· rneasured'(Figure 30): f!nin9",upward ~n(L' 
-:-: .... ~ 

. '~ppar'ent, "co4rseninci,..~pward~, tr~nd5, horizontally and ,cross., 

',l;-ecdedgravels, . massive gr~vels with matl:ix, and massive . . ' . . 
, . .'~ 

gra.veis withoutN'trix(t~rmedopen';'work ,gravels) ... Coarse' 
• '" .,' ". ' .", • ", . , -"" .J' 

. pebble . Or cobble strlnaers were' also noted ,. termed coarse 
. . ' '" . ''','.' ._..' "'.. ~, ... '. :, ~:, .. ~~ '.- ,,'. '.. '." ',...... -'. : : 

'lag" layers. per,centage:; of various ,sed'imen:a'ry feature:s", 
:' ~ . 

in'section .. ere calculated.'; hreaL'percentagesof bar-and-, 
the' study. area' ,were " .~ .( .'. 

Corf,oarisoJls were .then mad~betw"k~n the'surficial,\ 

',channc 1 t6verag,e on 'the. sur !ace, of 

,a .!.,. . / .. ,.. 
. . 

c!epositio~ill fe'a'turesand type.s of strat'ification. seei'! in 

'. section. ,! 

. , 
, .: 

?.ESULTS· ;,:10 DISCUSSION 
) 

';-", - ~ 

th'esurficial bllsemap of :thestudy' area is ,·~b.own 

in Fi'gure ] 1. Despite· the fact 'that" tni.s ,upper reach has a 

high ,slope (0.0064). and larg'e grain size' (mean grain size,= '-4.7fJ) 
.... ,. '. 

(0; Smith, 1973), tllebar-and-'-channel formsresernhle those 

found i'n the midstrearri section of the Kickina ,Horse 'iiver 
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bar lobi' il1ustriltinr; ,?lilnar c.ross-

striltified,granulcs ~ sl'Ial.l pebble,s. 

'Rulc is one focit long 

" 
J, 

-.J \/ 
D' r L .-' 

.' r 

" 

" 

·1 
",. - -.~' .", . ':,' 

._-. " 

','" 

" .. ' 

, 
\ -."'" 



,.;. 

..... 
. :'. 

.. ' . 

" , : 

" 

/ 

/ 
/ 

".: 

.... 

/ 
/. 

'. ",. 

/ 
I 

..... 

. oJ." 

:" 
. . ;.' 

'-.' ;' , .' .. ~ . 

..101 ..... \ ... ' 
. ...... 

I 
'.', . 

" 

.. 

. 

+." 

..----:. ,.~ -. 

o 

• 



: . ,-. 
'-:. 

. .'. 
;, -...... 

;'.-:" ":'. ' 
, -.,' 

. : ' ... ' . 

'. t", .' ...... ' 
•.... , . 

.'. "".,: 

. , . - . ':." , .•.. 
.. . . 

.' ' . . " .. :'. . .. ~. 
" ' 

. ' 

., 

, , ' 

'. 

...... 

, " '. -, '- .' - '''.'''. '. 
,.'. ...... ..~.: .. 

. '. , .. : ~ , 
,,'. '. 

, ' 

.": ... " 

. :' .",' .:j .: '" . .; ;' 

. .: :. 

" :.' 
.. : ..... . 

" ".-'. , 

.,t· E' G 'EN"D 
, " 

TRENC,H N~MBER 

" BAR FOSESH ". 
(I \ c9 'MARGIN ",' 

"'~ 

, , .. 
. ,' . 

. '\'\ , 
'\\ \\' . 

,\ " <, "", 
1"~/1 "I, II I 

, ' 

, , 

EROSIONAL' 
stARP" 

, . 

TRANSVERSf 'o­

RIBS '. 

" , 

••••• • •• CC ,.:.';. 

.. .." ' -. 

, ',' ' . 

.,- .. 
' ... '-

-' .. ;: ...•. 
',:' .;., .. . ',' . 

; ':.~ . . ",' 

"', ' 
. .... 

. ," 
, " .~ " 

.' • < • - " : 

. , 

" . ". ' ~.' '.' 

, . . ', " 

, 

. ~-. ' 

'. '; 

" 

" , 

t, 

(, 

" ' 

" ' 

'.':" 

" ' 

Figure ,31. " 
, 

Su~fici~l base mapo~ exposed 5tud~'teach •. 
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'(mean'grai~ ,she -;;'4:.JlliIJ10pe -0.Q034l>This suggests,,' 

" ' 

that grain sh,e of thli,bedmateri~l 'or,disCharge fluctuations. ' 
: '" .:: . . . ...• . : '.~' . l,': ...... .'... . .' 

-Cwnich"1 simposs ill 1 e to eva 1 u~ te ) haye, a more' pronoUnced ,: 
" . ' ," ': ' , ,,',. , '. ,'. . .' ;' :\. 
affect on brdd~ng patt¢rns' than· slop'e~' .:Because· the braid 

'" '. ..' ,'. .~ ." . . . . :. ~". . '. . '" .... . 

'patterns .are similar ,stratlf icationty~s-p'rese~ed in this ' 
. .' . ~..' . . . .' ;- . "'~' .' .. .'" 

. study' area,wou-Id'!>e .represe!'lt,atiyeof,thosellsSoci~ted wi.th ' 
. , . . .' . 

dnte'rnedi"te.to distal'outwashareas. of the Kickj,ng "Horse " " 
. . . '.:. . " . '. .' , . -"... 

River, wher,e there isextensiv~ bar;.";forrultion~dreworking 
, .' ~ . : ~-:,:.. .... :' 

of sediment in ~h'e '.warmll'iimmer months. I 

, , ' 

Surficial are,al percentages ,show that in' the' Nor.th 
" I ,. 

, , 

~ ~ . 

~a..5katchewan .study reach "bars cO\!lprise 0':085\ of the outwash 
'\ . " , ' . , :>' '- " '. '~ .. 

, area:, 'convergencec-hannelsbrpools 'account for 0'.012\, and 
~ . . " .' . ' ' 

. ',' " ',' ,. . ~ '. . ',' ,,'" , ., .' . . 
unknolo(ll,ol'itl,in account for 99.82\ of the surface area . 

. ' . , ii" '.' '. , I '. .'. ~.' " .. ' .. 

Stratl:graphic: sections' are' given' iri Appendix'S. A : 
. ',. - . .' '.' .. " '. ,'. . 

suCary d,iagram of 'the main sedim~ntary, featu~es m~asured 
• . ' .;' ': :'. I·..·;' , Q 

. '. .. , 
,in trenched sections is shoWn in 'Figur~. '32. Sed,imentary 

.. ' . . '. '. 

feature ~rcen.tages were cil.~culated ,separat€l'y for pits that . ' , 

'fell on ~ar,: channel or unknown areas. It was hoped that 
. -' . . ~, 

,.~e diffe5>ent :sub~viro~me~ts of the Olltwash 'plain could ~e,',' 

distinguished on the· baltis of, features associ,ated with the . 

"grav.el ~eposits.' Bars' display ,lower 'percentages ,of fin1ng-' 

andcoarsen'i-ng,-up' trclm!i7 and slightly morecross-bedc{ed 

gravels, than the' channeled areas • Ho;"ev~t, this an~lysis is 

not,' ver;y accurate becaus'e it. :i.sim:~s~ible to,determine in 
, , 
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.. ',sti~y ;i'P~OP()S'ED~ODEL .FOR '~dCIhLy...(:bUTRbLci:i)' 
.... '," .; ,. ···BRAIDEDRlVER.DEPOSITION' 

, .. 

. ' ". ': 
". \ ' 

• 

" 

. """ , . 

.. -,' 

.;: I '~)r' 
,in,~lle pr.esent,.st~i:iy~;the. foli~.inggeneralaspects . 

'.i"';'" .... . . . ,-a 

O~-bar. fopn~tion,and odg~ns.of!w,ti:ati~~cation· havc· .. i;leen :..' , ~~'--~'-:'" ' '. ' '. .-: , . . . .', .. ' 
suggested.: 
~ ':: .. ' :'. .. ' 

'.' , .:.' , 
' ... .'. ,.1'" .... j1 

. ' . : '~'. ' ',' " , 
(1.) "l?:.coariui':'gil:\inedproximal reaches gravei isma"inly. 

.-

,transported as:diffuse, gravel sheets .. which display . 
'. . " ",. ...',. '. 

very, littl.e sp(ume~t sort.ing·~d no fo.res'et dev~l~p':'·.· 
. ~ " I • , 

llIent~ .. rsei::au:d~ of .the lar'ge se.dline~t size in' ~proximaI 
. (.' ... 

condit'ions .ai1dthere·· i~ 'i it tle . rernoldiog .of ci1£ fuse 

shee't~ int,otrue ~,'Ir'fo~s'du;ing lowerdischar~e 
periods ,Occasionally, . true bars may develop .' . ' 
.through -winn;,: ... i~9 'processesactive i"" prot':,cted , 

.. ' '. .r . • ~'.. '" '. <!J" ". • 

areas within·the channe 1 system: 
. .~". '.~ .' .. 

(2). In .,finer-grained· medial .to 'distal' . " 

~eaches:>, 'sed~ment 
, . ~ 

is transported during most 'of • the warm summer 

months; £xten's i ve ba~. 'development, diar ac~eri zes 

these finer outwash fl~ts~ Diagonal and transverse 

bar types were the mqst comoon morp~o~ogies ob~erved 
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.' ' ....... ," 

" ..... 
• -, 'to .... " 

. :::: ... . ~:: . 
. "." . .. ','-',": , . 

, " .' .;', ',' 
. " ", ,":; ':' ... , .. : 

' ..... ." . .-:.: . ;'. .. . :.'" . 

. '., 
: :' 

. . : ." ". 

would'. coriiai~tprimarily oj fining~u~~<!massive··· 
. • . .1· " •. :.... .;' 

. . ".-
'.: . 

"'!' ,,: .. :--.. ",", "": ", 
.. ' ......... .- . 

". 

. ,'gravels wid:l. a.few. lenses Q! planar.··cr'oss-stratified . 

. .·.~seque~6~s"· Diag~.Mf .~ar'depo~i tia~O~.·~h'~: ;.... ........ .... .' 

• ,- fining-up"Jard··seql.lences.or Illusive gr.avels 'with 
,;' . 

'-.:,. ,_. ~-i ". '... .. .. . 
• '1010( ang1.eto· horhontal.bedciing • 

. " . 
(3 ) B~~S' cleve lop fr6m:pre-existing.·diffuse gravel sheet 

. .' .. ' .. ~ . , ~ 

',' ·d~po·S.i't~,;, wher~~ .. ,f·in~ .sedi~·nt· i~ 'winn~ed .out of.,',· 
. • l,' . " '. . , •.•. 

,.' 

the pOor ly scrte.d. upStream d~posits ·aild· transported' . 
• .. . '. . \ • . . • I." '. • 

4S. true' bar. lOb~~ . Upstreams~ctionsof bars are 

, commonly. Charac;:terized by'.coarse la9 deposits.· 
'. . '. '... . . . . ,'-' 

(4) .... In m()dernmedialto distal' outwash pi·aiIls,. massiye 
'. \~ .. ' . 

",,". 

·graVelSco;:l~rise~;ol.lt>SO :pet"cent .~f-the.~nant. .. ."., ... ". ',", . 

·.sedilllent ~ypepreservedinsecti:on. Remaining 

. per~ntages :.are· e~uall~'composed' o.f 'fiilirig-~pward' 

.' .and c~05s-stratified gravels witl"i.minor amo'unts .of . 

'W~ll-defint!d hodz(:mtally b.edded"and open,..work. 

gravels. The dominant massive g'ravltls display. an 
...... ' 

\ 

ill-defined horizont,H bedding and are probably 

attributable to' 'extensive' rewot"King of gravel flats . . ' 

in cOnfin~d ou~wa5h areas. 

.. 

-1l 1 b' ..v transient feature.s and' Becau:l>!" grave .' arsarev~~. 

rarely .survive successive daily 'discharge eyele{,' deposits 
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' .. . ' .. ' . :.:" 
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" " .. 
. , ~.' " 

. .' .' .•. .•. ' a~~~cia~ed.····~i~~. b~rS'w?~ld-iaC:k'; ~e~l-~efin~dextensiv~·. stra{i-" 

f.lcab .. o .... ~ .•. ·Kost of thcs¢al~~ritwouldbcqUitechaIlnel;~ed,.·.······' .... ; ...• 
'. '. •... .' .. ; .' 

r.avc . ~",::,assi~.appcaranc:e, an~ be.charac'teriieGiby ienticu~~i: 
'. .. . .. :"' ... ' . .. . . ' .. 

bedding~ .. Bars' wil~c:h. init~ate. ill 'shaiiow braided" c'ompl~xes, 
• I • • 

........ 
". • • ".,', . . .'. ;..~. " • '. '. '., II. . . .' . 

·.a?peart,o ongl.J\l1tefromreworkinq. ofpre"'existing diffuse 
. .. .' .. ,.. . '.' ' .. , .' . , . 

gravel shect.djiposits .wi:t.hin' ~echanneLcoriscquentlY, 

"coarse-'grained gravel tags ;.,/oiilapass<;radationillly intci . 

. -'-' ,'" 

. ~-inc r !ile,.Ilmt:nts wi til lenses of c:toss-.~tratif·ied <i.ravels., 

l·?S~rell."', b.:tr h~sare quite. hard to di~stinguish fro;naajacent, . 

channe.l scdir.:cnts; ·do"''Ilstrea.ori·l.Ja'r.s·ediments are .much· finer-
. , ." 

.grained ~nan dCpOs(tsin the channei. 
, 

Fi.gure ')3 <jives. typical stratig'raohic columnswnich 
. ... .". . -. .' " .. 

..u:et,'lOUght . to· ocassociated wi t'h P~ox.ill\aL,ve·rsus medial-distal 
.' '. .' , . . 

. , 

,-

• ' . reache·s. 
, . . ~ . 

c;:oar-sc-i]rained proxu:lal r.eacheswould .consist • 

?ri::lnrily.'of mass ive.ooorly . sorted grave'ls'deri ved fromdi Huse 
. . . . ' .. -. '.' . ',", . , '. ~' . .' 

gra:vel sh';c'tand channel de·~ositi'on'. Few traces of c~oss> 
' .. , .. . ."~ 
beddinG ;:lolY DC preserved,' associated ·.,/ith ,trl,;e bar formation 

. '. ..' . .. .. I ...... . 
. in i=>rotectcd a.rcas.. o'o.mstreMl finer-gral.ned reaches would ,. 

. !:avc a 'decrease' iRClassive gravels and acorresponcling ·increase 
. . ' I 

in planar cros;":stra'tified sequences •. Sediments '",ould also 'l. 

be better soreed •. Channel and barsediments'co~ld,be dis­

t'inguishcd where JO"'nstrear.r P9rtlcins of bars. are :nucn finer-

grained tpan adjacent' chailne~\;. cut-and:-fil~ structures 
" 

occaus~ ~f the many. pqssible origins .. of 

!ining-up"'ar.d gravc.l sequences,· no significant trend~ would 
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Idealiz~d sket~h of'stratifica~ion types 
'in Proxi::lal versuS ~edial-OistaL reac:J"S, 
Sections are approximately) ft thici<" 
(co,rrespondiriq to' s'edimentary deposlts 
assoc,iated wi .. Ch' one swrilner's flow) ' .. 
Horizontal scale is the, s=e as Flgure b, 
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.' . . - . -.'. '. ." ",,' -, - . '. , .'.,' " ":.- ,",', 

.:O\l~· ... ashgr.ivcT se~ii::""cn~s!would:aid' in.· palcoge9gr'aph~c 
. , . -.. 

re.construc·t:ion, : 
. 

.- ~". ....' 4 .-
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. CQ.'!PARrSO!IS/lilTHoTilER FLUVIAl,; SYSTEMS, 

".:, 

,~ ~,N • . :Sm~th': (19~4J' , . .sU99cst·ed in hi's: d~~cus"si9n of the' 
:. "', ~ 

dis tinct ionbctween;9 iacialrn~ l:tw!l ter an.n nc;>n-:-g lad ally. 

CQntrollcd' fluvial c;!eposits' that the presenc~of thefoll~win 
, -',' , .., . ., ,I • '. '-, , . , '. ' 

.: !eat~rcs ... ould indicate thet'apieiy .fluctuatingflow 'condition 
. '. ' .. ,.' -- ",' , .'" , . 

c~>ta,r.a~tCristlcoiglai:~ofluvialenvironments';,(·irr~activati9n 
........ 

structures; (2) alter.natinq ooen-work and matrix fil~ed gravel 
, .. ~ .. .' 

,..sequcpcc·sl'Digraciid qrowth increments in plan~rcro~5-stratai" ' 

lI'lld. (4) gradccl sand-s,~lt lalTlin~ti~hs, 1I0· ... e.ver,the results of 
. .' . .' 

t.>tc" prcsent . study indicate tha.t these featur~s .have a low '. 
. ' . ". ' 

';' . 

. - probaLility of oeing inc~:po;ated in~o the.record~f .coarse-
" 

grained' out .... ash sy'stcrs.' ~The'bu'lk of confined vaiJ-ey-'train. 

" ,glaciofluvial sediments appear's' to hccomposed of massive' 
• . f " . ','. ". \I '.. .. 

g.rav.els with little'or no:beddina,' : . .' . 

· '. '. '. The; ~aj'o'~ dis"tinction ~e~en.glacial mel t~ater" and . ; 

· noncjlaciofluvial sy'st~~s is" in"theperiodiC:ity of" dis.cha·rge· 
. ,J " .. . , . .' ;~ , . . '. 

~luctuati~n!l •. ;.soth systems have I,l'ighspring me.lt ,floods, .The 
. . "',' ' . ". .' 
glacio!iuvial eiwironmcnt is also charact~rized by daily 'sum:ner 
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qium'al flu~t~~·tions- rndi~~~.r(i~.:WhiC:h~nst~nt1yte~~rk'~· ,. ..< .. "'., . 
. preViO\iS.ba~-;~4n.nei· •• ,.dep"~:~tS •.. :.N~n.~~ltwat·~r;~iJ~~s.::~.re •.. s·~b:ject ..••.•.. ,. _ 

·.fo \!lOre ·.spor.adic:hi(lhrainf'al:t. ~~Oo<:Uncj ,; Both"sys·tems';ould.: 
~. '., . . . ,.... ,.; . .: .' . '," ' . .'. :' :,: .:". '. . . 

.. . prcib';'l:lly.yi~ 1(1 massl ve' gravel d~P08it~ whichdi·splaY· ~oii;e:. . 
.' .;.' ' .. ', .' . ."': :. :." ".": '. " :' .'! ..... :' ~ , . 

crude ~orizont~ I-be:ddlngand . 6~~asl~"nal sedi~entary .. s:tructur~s... ;', 

· ~cd5. may ~/!I~~~atn;oreleIl"trCUlar'inthe.gla~iai.'envirori':' 
cent ~hC're. rewor)t~ngOf.sedill\Cnts.ismore fr~q~ent •. However;· 

• • , .' • • . ..' •. .., .' ~J 

.. '. 

'. tll<ise disi:i~ction~~t:e· quit"esubtie .andmaynotbe i:ecognizabl~ ,. "" .'. ~'. . " . ,; . 

i~~~ar.se-/~;a~nrid flUVial·deposits...'· ,: ..' 

. . ' .. ' .• 'Oisti"ncti<;ms be:ween:'-e~~nVironments m~yb~in the. 

aSsociati~n ~fr.!dt~<;tt:e~r .. UV,i"l dep~~i ts. W~a.CiO~ '. .:". 

'lacustrine influenced d posits. In certain areas c~tastrophic . 
, ." . '. ' '. 

· ice-:damlai.;ebrea.kout~ (termed jO~;~llilaup5) floo'd;associat'~~: . . '. " . . 

.v·alleY~tr ain deposits'. Very 1i t .. t-1e work has been, 'doh~< orl . 
· . • ....•. .",;1.. '., . .'., 
.j6kulhlaup intlue~ rivers. (Church •. 1972; Bakel; •. 1973;', 

Fahnestock an~ .Hradley. 197 J); It.-isthought that a sudden 

surge of high' !'iood 'discharges: into the fluvia:l system would 
. '. '. ' 

probal?lyco:ilplctely' re!'lobllize· the:. bedmatet;iAl and transport 
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t.hebulk· of. ·5edim~.nt<it5 ,bar .forms. Rapid dci· ... nstrea:r.l migration 
.' ...ti ... 

of bars-,,:ould probably resi.:lt in extensive planar. cross-

5trat.i!lcdseou~nce5 tFahn~~t.cck nnd Hradiey. 1973: Baker. . .' - ., \ .. 
'1973) •. Lo' .... er not';:lal s~n:~le; melt .... ater flo .... s .. ould b.e .. 

incapable of rcworkiM' the catast.rophic flood deposits and 
, . ,". ....' & ' . . 

the~~ten~iV~ PlanIH,?cross-stratificatiOnaSSociated Wit.h .~he, . 

jOkulhlaup _ i::obil~d bilr forms would ~vel)tuallY be . incorporated 
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