GRAVEL TRAHSPORT AND STRATIFICATIOH ORIGI\

. xzcnxuc HORSB RIVL R, BPITISH COLUHBIA

. .

.

—

-

.

. *
=

S




(¢

GRAVEL rnansropr AND STRATIPIdRTIow onxc:ws

E]

xxcnxug HORSE RIVER an:%:su conuﬁa:a

. . 4' . .‘ '.’..'.

A Th351s"'

J.

Submitted to: the School of Graduate Studzés
in Partlal Fulfxlnent of - the Reculrements

for the Degree -

",Haster-éf Science

-

Septeﬁbér 1974

FRAMCES J. HEIN - 1975

N
~ L 1) -~

™




jnasrzn oF scxsucz 974 T
:ﬁ(Geologv) .;jg.,_:ff“agmj€}31.

,-

N T
e ,ﬂyﬁ',g.r“fi

fxicking for:sm w,iver- Briti:sh Col

ichHASTER,UNIVERSITY L
BmiIton Ontario F

vl e L

Gravel TranSport gnd Stratification Origins, ST

umbia

R ‘v_'-'I '_7. [ Mo . . .

j‘Frances J

.

HEln

. -

S,

-
-

“.:

Cy

.,.‘_

.__‘. "4

.-

"_at Chicago Circle Campus)

‘b‘ N

LI
o '

_....,.
\_ N

' poe

(University of Illinoxs T

v

o

3 supanvxson:v,pro:éssb?-keger'q;;ﬁggkérg."'
i R 3
RO N R T A
}— nuwazn OF’ PAGES:f?i-xii-‘l 135 R PRI
: IS SN ) .l R T

8 R .

. )
BTN b
. -. °“
)
. '] bl
IS X ;
-
, .
- .
-
.
K
.
_ -
L .
;
. *
. . -
.
»
X
e
~— —— . ..
N
.




ER . . . i 3 N . -"-:-L.; '-. .' ._ - - S B
f%_f In the Kicklnq Horse River systematic changes occur

N _‘_,-. .. '_d,, -

'jin bar forms frOm upstream to downstreaﬁ reaches . In h%gh s_;vojj
-igradient coarse gralne&’hpstrgam locallties flow 15 confinedﬁlﬁi;;-'

f{to one or two maln channels whlch have a somewhat meandering{crg;___w*:
. Vo - o,

Hto bralded form.ﬂ Bedload is traﬂs?drted only during maximumﬂ:.ﬁ:?f
,iﬁflou conditlons as dlftuse gravel sneets. In low qradlent
5iflne-grdlned medlal‘to dlStal reaches floe £9 carrled down
Ef;hastomosina bralded channelléomolexes w1th extensxve bar»f-ﬂﬂj

- : . . v

"development These differences Ln bar and channel mof%hologles
'

"can be explained as follows. In upstream reaches bars and

A R -~ . . - ) B L 0
. ‘channels are relict from flood flows where-lower summer

. L '

‘flous are lncompetent to reworx the dlffuse sheets into true
bars. In flner-gralned reaches bars develop from flood- 'Vﬁ{ . ,17

‘deposltcd diffuse 3heets, where flner sedlment is wlnnowed out -
. " l"
under lower flows and transported as bar lobes. .Slgnlgieant

lateral exchange of flow between adJacent channel systems

produces a complex braided channel pattern R - N I” _l ‘ﬁ/i
. Diffuaj gravel sheets dlsplay llttleeeoiment:§ortfng‘._:Q'ﬂi
o and no foreset dcve’ooment Deposlts are_ma531ve poorly sorted ,L,“f*:fﬁ\\
gravels Examination of sorting on bar surfaces,,suggest %i' :"';5.
wr_hat diagonal bar deposits &ould be lentlcular fihlng upward‘*
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cfoss stratified.sequences

@ﬁmﬁ

Preservabxlity of stratif}catxon types eatipated
- ,_‘(

from trench sect&ons in the North Saskatchewan River suggest ;T'f'qlff

" RS

,-.‘ -r« R t'.- ‘ ._’. N . . .c o ,--c"". .

e ihat horizonatally bedded massive gravels are domxnant in

ey e ST A T T g
sﬁﬁﬁ'ﬁﬂéq#
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“medlal to‘distal flats Remainxng percentages are largely

¥

] - e ., 1 .,.

Composed of flnxna-upward and‘planar cross stratlfxed gravels.

';-33 Proximal sedxments wou1¢ be coarse-graxned poorly

B ,-s.rf-',- . ‘l
Vo e I -_,‘

3orted massxve dep031ts Medxal to distal depos%;s—would

;5be predominantly massive (due to extens;ve bar dissectxon) 'Jﬁfff;ff“‘
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Awith Subordxnant amounts of fxning-upward and planar cross*'au LT e

I“l
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dtrptified sequence? (associatéd with bar mlgrations).-_ e
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Systematlc transxt&ons ﬁrom ill dé¥ined.baxs in proxxma%*—-—:f?*f**"’4;ji

Py & . -

-ateas to true bars Ln distal reaches, sugqest that nassxve - R R

\
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poorly sorted gravels shduld decrease downvalley, cor:eSpondan. ‘ 'li_}
' W - '—\ T L
to an increase 1n moderately sorted planar cross—stratlfied '
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uiesz Fahnestock 1%93- HcDonald and Baner]eq, 1971- L

=il

_1974) - Braided streams can be cla551£ied’as "deep R greater

_waiker,-19?4),; The deep watgf model proposed by’ Eynon and

_'braided river models,‘hOhever, have been solely based upbn

TR TR e e SRS g SR MR W T B A I e NS A S R O

> ' / \

i ’;n recent years many uorkers have examined the
sedimentology of ooarse-grained braided rivers (hrigstrbm .

LI

'aoothroyd 1972 Bradley et al., 1972- Ghurch 1912 Rust,

. 19725 . Smith,.1972 “D. Smith, l973b, u Smith 9-,--‘.‘ "-"-,- '"ﬂjr

'y : T A

r

than 4 m depth or shallow 1ess than 4 m\gepth {Eynon and : Exggj.'
L]

_walker'(l974i was based upon sediment facies dis ribqtions o '-“lq

L

in Pleistocene glaCiofluVial depos;ts.. Host of the'shailow

PO [

sediment

atribution patterns on_ outwash flet surfaces . = -

Sedimentarj fea_.res associated with 'the dominant gravel

/.

facies includc mass"e,‘coarsening-up, fining-up and crosse

. Coa ; . - - .

"stratified sequences ' Few studieé“have tried to'correlate,f
_ bar -and- channel development hydrology -and sediment transport

'with these sedimentary sequences (Fahnestock 1963- N. Smith, -

&

5:9 .. --f.

~

1972,
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“finclude the actual pteservabilLty of characterxstxc

ased on p;oximal-distal trends in suxface sedimentary

o U,“;{=ﬁ.4;ahw

eatufes (Boothroyd7 197

T
examined only durlnq low-f ow" exposed conditions--hence

l'

B T e ---—.—------'— -M-,,\. Tt i e T

;the model is quite interpretive.. Due to the many problems :

“associated thh mapping bars and channels during high '
.dischorges, feﬂ pfe@lous studles have documented processes
’ L v

“of bzhiding 1n coarse-graiued proximal areas versus bnalding

’

processes in more distal fine—grained reaches (Fahnestock

l963h.; Other yroblems with the shallow brazded river model

w

'r A A,.....

'sedimenta;y features and thelr potentxal of bexng 1ncorporated ji}

P ey e

_in the ancient :ecord

.7 W, Y - [

- The primary objectxve of this project is to try

. K "
- “‘ : ' . r-l'. . £

i3and develop a nodel - for sharIow coarse—graxned braxded rlver

"\

depos tion'whloh would enable one ‘to: dlstxnguish proxlmal

“’versus dxstal sedlments. .Thx 'model lS based upon (1) _qTQW

.braxding patterns ‘in proxxmal“versus dxstal areas-'(2)

+

"'-'-..

sediment sortxng on 1nd1vidua1 banwpurfaces, from whzch a

" trench-section of,exposeddpdtwgéhfqreas.
o i ‘ Aubaiohy

model_for the_or;gxns,pf the-gravel sequenoes.could be

pfooosed: dnd, {3) peroehtaged'of sedimenteﬁy'geqoehcee in

— . . - ) . . o . . -

Rust 1972) These features were .;” -
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Origins

—-ofﬁbar-and chanfjl pattern eVQlution, hydraulics of bedload

“ PSS

tnansport and bar mlgration, and sorting of gravel on- bar ﬂ['nggt__ti
thurfaces.‘ These studxes were conducted pr;marily on*the ﬂ; LN e
iKicking Horse River outwash plaln wlth supplementary data :6*1

Tobtained from the Bath Creek graqa} frats, The occurrencelgfﬂ**"t
and preservabxlity of sedlmentary sequegges,‘interpretgd : Q&SnTTi:’”

. \ i - ', K ) L
l‘from bar behavior 1n the hickxng Horse Rlver and Bath Creek

Lfexposed shallow bralded river graveljflats of the ‘:
. RS
‘Saskatchewan Rlver.l Because\of the difﬁicuity in

'modern outwash sediments, this investigatxon could only be

. l .- ..._ .
‘conducted in one reach . In summary, a nodel is suggested < T
"for shallow b:elded stream deposits in confaned proglac1a1 .;.d";:f_i“

ﬂvalleytrain envxronments s o 5'-'7._‘ y
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Jaspcr hatlonal Park boundary (Figures 1,2, 3).

Wil

' Access t most glacxer fed rlvers 1n the Canad1an.l

e

"wRockies 15 cowmonly dlffzcult ‘ Hence road access to outwash -

‘flats was the maxn decxdxng factor in- selectzon of study‘- .f;"‘ ;
J;areas. Two major hlghways transverse the Park Ranges areas?5°'“ :

“the Trans Canada hxghway (ho l) and the Colunbia~Icef1e1ds

highway (ho"93) | Thesé hlghways bfsect several outwasn

S

.\.\

 r;ver-§ystgms whxch uere deemed suitable for study-' (1) thei;> ;f,.;f
o

. Kicking'R6£SQ Riven, in Yqho atlonal Park near the townSLteA o
T . e \\ ' o -

:of PieId BCs (27 Bath-Creek in Ban“ﬁﬂatzonal Park fmd="fff
japprOxxﬁatei} § 11es west of the Ed;gslte of’Lake Louxse,

Alta.l and (J) thc uorth Saskatcge;An vaer- in Banff aargonal N
' Parkﬁ_alta., agproxxmaggly 11 mlles southeast of- the Banff- ?.. ~

}H*‘ Bar and channcl bra;dlng patterns and sedlnent ‘ ; i  ”.:
distributions were studxcd in the Kxcklng Horse Plver, wlth . K .
supplenentary data ohtained from Bath Creek The Kickxng
Horse ' River was thought to be an Ldeal locatloq for a study
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of proximal distal braiding patterns for the following

T .l R Al P ST

reasons*”r -

T LT e » i . L

Au’

i:};)wLSeveraiahridges span the river uhich could serve as

";Ltemporary gauging statxons-d“{jng

_llep;weather statlons are maxntaxned by Yoho Nationaltjgf

3

<‘_~5Park in the hlcking Horse River areas

,jlllf,The river has a wide range of sumner discharges

'?(N SmitH 1974) which'aromsuitable fog studying.’

Mibar -and- channel evolution dur;nq high flows and f?;.

~

.ftsediment distribution patterns on outwash hurfaces'f"

.g.

ﬂ;during 1ow flows-'r T;'_: 75?w:Fh'$jﬁ "c

- ."'»:'.',' ‘.:::A . “_,f..

{'(i)anrevxous sedxmentologxcal studles 1n this,systen l

'?7:”by N. §mith (1972 1974) have described general

{-"".W “, ..

‘istics of*this rxver. Because these aspecta were

[

. season to concentrate on the detaaled a5pects of

bar formation, gravel tranbport and resultxng

Lh : e . . -

N

sedimentary, morphologic and hydraulic character—‘

o 'atratificatxon tvpés. A .“ -f-' e i .,.'s

- eatablished there was suffic1ent time in -one fxeld

:‘ﬁécaoso-the Kicking Horse:River flows in a relatively

nafrow, confined channel~system and due to the high summer

— - ¢ - . '

diachargés it is. quite difficult to_studf‘préaorvgd strati-

ast, théduppér'ﬁorth

fication iu section._ In con

"

Saakatchewan 15‘\\tr1buta'f to the Alexandra-horth Saskatchewan;

N :-‘ LI . . ~—
i . . .
.
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b

lfsystem in terms of diacharge bqt transports qn estimated
‘95\ of the outwash graVels into the systfo (D Smlth 1973a).

1Extensive exposed gravel flats occur northwest qf the ;““

--,.__ . . Y

'confluence wltn the Alexandra vaer and provxded a"hlgh

" and dry area to study Lnternal stratification types in
'-trenched sectzons ";‘ TR

. |
Tk ,I.%(. o

:M'- o ‘.- ) o

¢ _ P ) . ) —_

"jcsuzm GEOLOGY """:Fc:‘xmoasz tuvz:rz AQEA
| '_.‘_'The'-.}(ickin'g-Hofse._'n'ilvet-_ié i_&cated in the ‘rugged.
‘Mafn‘Pahgeolo‘ thelcehadian Cordillera, ;here the'local AR

- .‘ A
;_bedrock is composed mainly of Cambrxan carbonates The

A

frlver flous tnrough x steep, glacxally carved valley, uzth

maximum relxef of 6,000 ft (Mt Stephen) ~ Several el;uvxal.

fans cont:abute,small amognts of sedlment ffom tha-tribu—'

-

. - . -‘ . . ) (l ., : A . - s , . '...
taries."Outcrops of the famous Burgess-Shele and-Mt.\Stephen :
‘fossil beds have pronpted many- detalled paleontologlc,

stratigraphlc and structural studies in this area.

. In. terms of total bedrock composxtion here is

: \
approxxmately élmkiposure of the Lower Cambr;an Gog quartzxte,

'with the remaxnxng percentages composed of Cambrian carbonates
\ a
raﬁging from the lower Cambrxen Mt. Whyte Formatxon to. the

"Upper Cambrian Arctomgs Formatlon The fluvxal gravels in

U

the chking Forse vaer show a similar cowposition.‘ _

'!
N
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'nant bed matermal is subd‘to well rounded gravel, composed -

v

; of abOut 98\ limcstone and dolomite 2% quartzite and traces o .
.'j_”of clay shale and chert (d Smith 1974) S

Allen (1914} briefly described and mapped the 7?; _ u”l,_‘“‘

l391aciofluvial deposxt& 1n the Kicking Horse Rlver valley.

'1Ple15tocene to Récent deposxts of the lower chklné Horse ) -, f -

: River valley bctween Leanchoil and Goldeh B .C. were studled :

'iby BeHent (1972) These deposxts were’ Lnterpreted as bezng o SUR

‘ glacxofluvxal 16 glacaolaCustrlne xn orlgln.- The lower

'chklng HorSe River valley shows evxoence of glaclatlon -

_19 000 to 10 000 years B. P Fleld observatlons by BeMent :

{1972) lndicate that ice wlthln the galley was, at least

':3 500 ft thxck ‘fvidence for only one . glacxal stage'was

4

Agfound in thls area, whereas other vai}eys of central and

‘.southern Britzsh Columbxa 1nd1cate ‘ron two to four glaczal
- stagesf(Armstrong-and_rlpper! 1948:; Fulton, l??l},”

[ e T

-

' RIVER HYDROLOGY, MORPHOLOGY AND SEDIMENT: = KICKING HORSE RIVER

The autho:~ﬁotked ee field assisteot with N. Sml h
(l9?2: 1974) ln”?is.studies of bar cevelophent eoc sedim
'ology of the Fxckan Horse Rlver system jfield‘work was done - .
. ln August and September, 1971, wlth additzonal data ob axned |

s

in Julf 1572. Processes involveq w;Eﬁ)bar formation. a d’ o

Ao - . . '
. . " - ";I} . .
: - . . - - -
Yo ) - . . ’ . i
: § Ayt il - '



S

ggrowth and sedxnent dlstrlbutlon patterns wzthin the system

were the main topics covered in N Smith 'S stndy (1972 1974).

The present study ls an extensxon oﬁ hls work and emphasizes“é

— . ,,‘ -

b tegrated bar and channel development and braldpgg patterns f

.i proxlmal versus dlstal reaches of the gravelitlat . Field

;work uas done prxmarlly ln the months of June tﬁ?ﬁﬂgﬁ'August
‘1973 ‘uxth sone prelzmznary data obtalned 1n July 19?2 ‘Data s

. cxted pre- 1973 in’ the followlng sectlon 1s from N. Smxth'

* b Coaste \ . - Y
' study, data obtalned during the summer of 1973 is from the .
. - “:'* . - SRR . - :
present study,. C TR _ T
1. hydroloqy ' - ;““f;}

YL -

“he klcklng Horse Rlver systen 13 fed by the wapta

oo

and waputlk rceflelds in’ eastern Brltlsh Columbia - (Flgure 3).
» .'| ‘. 9

jThe Yoho River is the main trlbutary,cwhlch contrlbutes an
 estimated 80% of the discharge'té the Kicking‘uorse River

system."Temporarv qauqxng stations have been monltored under

( -

the Field townslte brldge durlng the summers 1971 1972
(. Smith, 1974) and 1373 (thls stud{) . As -uth most glacxal"

meltwater streans, summer dlscharges depend uponlweatner S
°cond1tions over the iccflelds cﬁhxghest flows occurred in
’ August 1971 when 1oca1 ‘air temperatures ‘were ranqlng ‘around '3
‘90 F (Table 1).- During this clear hot perlod of maximum

glacial melting, dally discharge extremes varxed by a . \ >
factor ot two. Maxxﬁun dxscharge was. calculated at 3 400

-

.L—t_l ;:/)”




‘r:':" «:'_ . l . ".. . -. °. . ) }' . ._ ‘ -.:
e . X ) Y L ) . . e .

'; I't - . N . j R . ) .7 ;1 , ; b .
i - . e SRR fies
3 o R .

.~ Table 1l:: Haximum river dxschazqes recorded during o -
o Summers 1971 to 1973 «Kicking Ho;qe River "
B e e ISR - ;*Fj(”/ AR i praD ;;.“r  S
%ﬁ e .';Mﬁximum | Average h s X “‘gi
é“oate ' Dischasge/rl-_Discharge ' "cwzgttir '+ ‘Reference, .

% . _tcfs) - _(cfsd Londi pas o ORI
k:-A‘\ugust 1971 3 400 _ - ‘$:g1¢ar3.ﬂot “'?N.:$m£th,1?7{'f'”
4 July 1972 - 1,700 Cool, Rainy .o o
o : t ,_-Overcast SRR

Y ,;,, . . 8, EUET

L -“"00; \- - .J" N & n E e

oo SRS & e 8 :

b3

: June 1973

June. .o
August 1973

-

' 500-800

.

Y T . L. o

1,%605

)
. c
—
<
—

[¥e)
~J
L

1
'f-\"

August 1973

Py T ﬂu:io!n!!‘:f‘“'a_»ﬂ'i?ﬂ.w&ﬂmrﬂ?
s

1,225

L

&
"
1

4

;>Hot, Clear.

‘Cold, Rainy . . . . 7

Hot, Clear .:1' ’ .' . ‘ (

Hot, Clear & o

\ﬁ." .

-

iy n.rrtw:_-T-u;-;r.r_s nraan
'
¥
¥

a2

IS

. -
- -
-




:.-‘_ . : -, RN ' e NS H - e O L . E '
cubxc feet pcr Bocond (cfs) 'Dai}y flows wore minimal in the ;

E B ._'. . . 2
late mornan thh peak dxscharges occurrxng around 7 00 p m

F" o ,.,_' b -"-‘.

i Durinq July 1972‘a1r temporatures wexe cooler than normal and

weatherqgonditions 1;:2 overoast'and raxny,

)

'
e

Rt Tt

:Dischargqs durin;ﬁ”ﬁ

L

this mo%xh were fairly cons_._:ﬁ&approxxmately 1 700 cfs), u:{%.ih “;;‘.:;g4#

v oniy a slxght hxnt of daily dlurnal fluctuations (h. Smlth

_...'a;, _-_. U

1974) T e ;15_;-_; PO 5 R -':;f-;-v.ﬁ........*.."? 2 * ,
el T e T T T A R T L P
;»;,ﬂ.ft Heatherfand hydrologxc data recorde& from May 31 to S
o ‘ ) . S P _4‘ R

August 31 1973 1n the present study are sumharlzed 1n o

Fxgures 4 55 Flgure 4C show& the average daily dlscharge,.-af ‘;_ﬂ;‘,_
! " = s ‘l e Tora e
: PR T
;‘which wﬁs computed ;as tne average of theomaxlﬁum and mlnlmum T e

dischhrges per day ';h:ee discharce pexlods could be d15~’_f%22€“ﬁ7¢3;

5

tinguished Cold Ralny, Spring Melt and Summer Dlurnal Perlods E“L“

(Fxgure 4C).v Contnnuous dzscharge and snage he1ght recoros-:f' e
of typlcal days within these perlqu are shown 1n F;gure S ;fif.isw"v u
o . T
Cold Raxny Perxods haveégery 1ow: dxscharges (500 800 cfs), fT.L. e T
—'with peaks caused by rnxn runoff and sllqhtly warner axr c *,-f“‘ ot
S - SO
“‘temperatures (quure 4)5 Maximum dlscharges durlng the 1973 . T
. .o f.,l ?
1"ield season were reacg?d during the Spran Melt Perlod ;"
ﬂ'characterx ed by naxinum preqipltatxon rates and very hxgh L “:-f};'.':fi
air teﬂpcraturcs (70 90 Pl At thxs t;me all of the snow ;“:_J‘ffjh )
in the valle; and on ao)acent slopes melted " The comblned o o _' —
. v A S N — "
‘contribution.of dlscharge from tributary sereams and, a Sub-_.A;: L .
- ! Sl e
stantial dlscharqc output ‘rom the Lcefields produced the e Tl
) f o ‘. ’ : : RN
'maxiaum dxschargo.of-{,4qo;cfu Three‘hot fummgr Dxurnal e
o C . o™ .\‘! . .
_—.0 q."' ’ ' : .-,. t ‘
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Periods were observed..each aeparated by cold periods Diurnal

'v

T .l".".'-,v TR

T3

'l

fluctuations in discharge which Vary by a factor.q{ l 5 to 2

j occur durimq clear sky and maximum air temparature weather

cqnditions,, The A“9“3t Summer Di“rnalsPeriod had much lowerff?"".‘
e "‘t - W o TP

discharges (maximum l 225 cfs), which was probably a function fthTff_

D it e o

of the colder temperatures and overcast\w ther ‘Gonditions ff?

e,

; observed ower the wapta and Waputik Icefields fff;;:'jgf'"";--}‘ﬂ?lilﬂw'iif

?v-rif-t:..vé' ~L~1_¥1: o H;"-_a\:;frirﬁ;u-.;;.a-‘:g; _L.t_”-,.,f;.“ilf'.
2. HOrPhology and’ Sediment. LT e e e Y
e s - . Pa

The Kicking Horse River isicharacterized by alterna-'-J" .

‘-\

ting gravel flats and narrow channel river patterns Oownstreamr*}f' .
from the confluence between the Yoho River and Kicking Horse‘ﬁ_fff‘“.

Creek the Kicking Horse River is confined to a steep narrow

a - k .., SR .
channel which opens up into an extensive gravel flat outwash SRR
DR S - : '

area FPigures 6 7) downstream from the Trans-Canada Highway

bridqe s At the townsite of Pield a large alluVial fan ; '_f;5‘;i;"f“;3
constricts the ‘low to a narrow channel which then opens up

4

-again into a wide piain, approximately°6 5 miles downstream

fron Field (Fiaures 6 7)._ Two miles downstream from Field ;:v.i_'-,{: 2 S

the river again becomes a narrow. cascading channel whxch . Co ‘.dfw.;‘f
£ . oo . ) : - —
extends for 2 miles downstream, where again it becomes a: o

» . . - V.

broad plain of the lower: Kicking Horse Piver. -The alternating~”
qravel flats and narrow cnannel river: pattern is explained by e '}?

Allen (1914) as. follows. The valley is. interpreted as being N _J.fi

‘pre- glacial in origin.- Upon qlaciation basi“” were g°“9ed out % i
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-~0b1ique photo of uppbr Kickina ﬁorse River-H

taken from ﬂt Stephen Geoloqical Survay

of C;nada Phbto nos -2-23 73 to 2 26 73.
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Plow is from Rzght to Left
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‘i'show that the outwaﬂh gravel flats in the study area can be.*

R e o e b e

Hreason ‘or thxs slope break is unknown - Extensive gravei }”'

.Baner]ee, 1971) - McDonald and Banerjeet(lB?l)'suggest that

ffnand glaciofluvial deposxts forming the extensive gravel flats. t,‘f“

i:?The scudwvazea is the 4 mile long gravel plain between the

P

i.-Trans-Canada Highway brzdge and the narrow channel near

?t Natural BridQe (Fioure 3) ' diff:dnf’*:?;;.af:'_u:.riﬁ

Longltudinal profile measurementsmtﬂ Smith 1974)

v

Ti8PPTOXLNated by two straight llnes (Fioure 7},. Above-the

*break xn slope (whxch occurs just upatream from tne Field

*ﬁbridge) the average qrndient o’ the water surface 1s 0. 0054- S

’

‘?whereas downstream from the slope break it iS Q 0034 Th?f';

C

'dredging operations maintained by Yoho National Park occur

;hon the river ‘lats in this slope break regxon.- Approximately:

a
64 000 tons of qravel have been removed between the years

_1970 and 1973 (D. Watson, Pers Conm ). However, despxte d

the large tonnage of. gravel that. has been removed the gravellou

operations arc not thOUqht to be the cause of this slope

.break, ‘as sxmilnr bfeaks in longxtudinal profxles have been

observed in Bow and Peyto oetwash areas,(HcDonald and

. -‘.

'»the slope break may" represent fﬁe contact betdeen upstream

4

'degradlng outwash surfaces and downstream aggradinq surfaces

= - l'.__..._ - . )
. - ." v . . . . ) . . d

-



mile study reach In high-slope upstream reaches (Figure 6}
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fflow is transported down one or. two ma;o -channels, whi;h

' have a. braided to somewhat meandering f rm. Hidstream and
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E\anastomose back and forth across the gravel flats.. Th;s

-decrease xn bedload qrain size ( 1gure 8) : Upstream reaches.

in downstream sections (n Smi h, 1974), ; f.' B :: _n‘ o

T A M—— sy . R " . L R

GENERAL ‘GEOLOGY: - .aovm sasr TCHL ,u RIVER AR.LA a

The Horth, Saskat ewan _P.i.ver." flows -along the ‘anis 't

a2

otﬁa~breached anticline’ Tn a gleciglly carved U-shaped velley;

 with maxxnum relief o;/é 200 ft th. Saskatcﬁewan). Previous'

uork in this- area'has been: limxted ¢”Barrd (1970).briefly
T e

-4
- ,"'C.-p

described this section in his study of the regional geology~-

.......

Ve

¥
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- . .., LU . .
Tl - Rinal - TR
B » - - . -

2 of the Canadian Cordillera.. Surficial deposits were mapped

£ by-HcPherson (1970) ' Qates ot‘aggradation and modes of

h'channel braiding of thc Alexandra North Saskatchewan River
= - S G
system were studied by D Smith I1973b1 Bedrock" ?;*}l?d

“ material ranges in age from Precambrian to Carboniferous o

o

and is composed o‘ approximately 70! carbonates and 30%

quartzite PluVial gravels have essentially the same composi--}".,
E L LT U T
R tion as the bedrock matcrial (D Smith 1973a)._' '

|

Late Pleistocene glaciers reached an average thzck-:- T

l ness of 3 ‘000 Et in the sgndy arear(McPherson, 19701‘ The "li'.x{‘;-"

& _— . l-\.
last re\ession occurred 9 000 years B P. (Hestgate and' ,‘;ﬁ" \f
-.‘Jy o co *

Dreimanis, l967} and ended t%erpleistocene era in this;region.

- -

, There have ‘been three or four minor glacial advances in the

Columbia Icefield area in recent time (D Smith in prep ).

,
- '
- -

.
e
L.

RIVER HYDROLOGY, MORPHOLOGY AND SEDIMENT: . NORTH SASKATCHEWAN  ~
RIVER : S S PR

Y
a 2

Tli.mﬁydrology S L 'f ‘\LJ i:m . e o

| The Columbia Ice‘ield is the najor ‘water- source - For ‘
the worth Saskatchewan River (Pigure 2) As with the dicking

-

Horse River. summer discharges are a function of weather L
- -~ N ' '

“‘conditions ‘aver the icefield A temporary gauging station was

: established by BD.- Smith (1973a)during the summers 1970, 1971

Kﬂ wixh most glacially-fed streams in‘this region during warm

> . . PR

e T . ~




. e , ; z-
;qummer months narkcd diurnal.élnctuations in discharge occnr;- : .,ﬁ,ﬁ, ;
ETLOV flows occur in tho late morninh to early afternoon and i;;f;:f  B
;ipeak flows occur between 6 00 and 8:00 p.m. On clearrhot . ‘
?_days dxscharge extremes can vary by a factor of two: Maximumhfkify:{;‘ﬂ-
grdischarges meaaured by D Smith during the summers 1970,31971E;‘ﬂ”:£7 ! .
?iwere 5 400 cfst_ In terms of diacharge cont;ibutioh the upperf:tfuixlzli ;
?.Horth Saskatchewan River contributestonly 40% of the water f”f};;'f' T
;.volume to the Alexandra-North Saskatchewan system but h .. S
accountslfor~an Fstinated 955"0? tne bedload contrlbution.l ;l. | 'hf”{ “
. smth mm.
:«2; Morpholoqy and Sediment _61 . : )
| The &iexandra-uorth Saskatchewan River system vallev:i”: B
‘is characterlzed by“:lternate‘reaches of bfaxdad gravel
flats and anastorosxng predqplnantly meanderxn;‘channel H;f {H" ‘
”complexes. :Bra&dcd oatterns occur in coarse-grained unstable j §
shallow comnle;es; hnastomosing predomxnantly meanderinc ;f." .téfi‘; '
.gatterns‘?c:ur.in areas uhxchlare stabilized by veqetatxon'-' ;
ﬁ.and haVQ exten51ve ‘loodplaxn oeposxtion on mid channel .
‘ leand% The anactonosiné pattern occurs where there is. a Jf‘;a J
lbackwater e‘fect devc10ped‘Ln-the~system.: For example at
;the confluence bctwcen the Alexandra and aorth Saskatchewan.l”.'i-f'l
Rivers (Flgure 9) the upper horth Saskatcnewan dumps a hnoe"", %i ﬁj-
,;fan shapcd wass of outwash gravel. This gravel massl- S

“constricts- the‘mai channel of the Alexandra River to the

. .
r . . .a' 2 : -
) . . . oo 1 . v . . . .
=7 . o IR N, : . PO K ) . )
3 B I N, s ' . .
= a . E V. N S .
' ST S e » - - . .
- . . . , . . '
.- . Al . . . . .
M : ' " . 1 '
. ) : J- - N i ) . ‘ . e .
o : o : e ' oL Lh .




ffféutéfét,? Confluence between Mprth Saskatchewan and o
Oblique view ookxng down

e A )
i

;fa{?rs'ifffo}tf;;:“f:i ”Alexandra szers
'51t?t‘;:.f:;'?7¥;‘ f:5;? the Alexandra—éortt'Saskétcmewan vaers‘ ﬁfﬁ?l' -
_“;l f?ﬂjg?{:}. Sasﬁéxchewan outwash frgésthe left haslff?i_u, _*;
E F‘“';‘:*ff;:l forted the Alexandra ﬁi;ar to the rlght é:ﬂe“:iT; 
g SN R

T
o of the valley ang constr;cts the - flow,.thﬁs B :
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':;Alexandra during high discharge*perlods. resulting in an

?fdslands Predominate in backwatbr reaches In D Smith 3

right side of thc valley, causing a backwater er‘ect"hp the i;

;fanastomosing somewhat mcandering channel pattern for several

-

-i’miles up the Alexandra pivcr.- Floodplain sxlts and vegetated

.f.

-i,lo mile study reach of the Alexandraéworth Saskatchewan river

- systen there are th:ee such backwate: reachesaof floodplain

‘d;ﬁryfan Average rates of aggradation o“the outwash flats

.3511“V1“m ”hlch are separated bY,tUo £an— haped outwash

C .

LY

‘gravel flats i

L,

1

fiuere estimated by D Smith (l973a)from C dating of organic

y‘ 7 .

'f5material "rom tree rina dating of buried 11v1ng trees and

. ‘ .
-the presence o‘ a volcanic ash laver within the outwash

’.period’ nuring thiq period the thickness of valley flll that',_ .

"depoSLts.‘ Computed aggradation rates varied from l\?b~3ﬁ~g"

98 yrs to 1 ‘t in 480 yrs 0ver the past 2 450 year time_

4

{was deposited ranged ‘rom 4 to 25 5 ‘t

Extensxve exposed gravel flats occur 1n the upper5.{qr-7

‘dhorth Saskatchewan, aoproxzoately S miles upstream ‘rom the:'

-

-confluence-with the Alexandra River.. The upper 4 feet of

bed- sediments in this outaash flat are thought to be . temporary,

!"I.

’"bar and channel tepOJICS whlch are reworked during sucoe551ve.g

high Sprlng and summer discharge periods (D Smith 1973a);
'These expoaed flats afforded the opportupity to. study the

preservabilit; of stratification and sedimentary features

d B Y



',associated with modern outwash,gravels.“ In ghis:upper Tfaided
- -8

:each where stratification studies were conducted the mean

= -§ BRSO | v..

‘ichannel Blope is 0 0065 and median grain aize o‘ bed sediments
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g CHAPTER' 3. 7.7 L |
£ BAR HORPHOLOGIES ‘AND 'BRAIDING pnmm.s._‘ T
E xrcxmc; HORSE RIVER "

- .___' . ¥ o

o Host o' the bed load gravel xn the Kicking Horse'j;;;ﬁxi

"fRiver 13 tranSPOrted in a modxfied tYPe of pOOI-and-riffle fir'a'ﬁcﬁ'

;i'.;‘-sequence (Pa.gure.. 10) iy which is‘”termed a pgol'md"gr T
;':&equence (D Smith 1573b). Ja‘i‘"'ﬁ Sediment is transported .
-{Fthr°“9h the pool, up onto the topoqraphically hidﬁﬂk bark f?i;;t"d'ijﬂ
e?of the rxffle sequence.‘ Dependxng upon flow condxtions -
‘r 3ediment is either depoaxted on the ber surface deposzted_}- oir;}}j:i'f_:
3ioh the foreset nargxn, or transported out of the system tof‘rf_ﬂi*_rfﬂr
the next pool and bar sequence - | . |
S Pools are characterzzed b} convergent flow, whxch.'
'is funnelleg down the pool by pre eristing active bars and E
‘_exposed bar- channel remnants ' Pools commonly occur at the_:7 f‘-fh _7”” ?g‘
r'intersection oF two or more flows of equal or unequal _ - . |
t‘strength (Fxgures 10 11).- It must be. enphasxzed that these
299001 and—bar aequences d;ffer dramatically ‘rom those observed

- in neandering systems (Keller, 1970 1971- KeL}er and ﬂelhorn e

Kl

1973)." . In braided outwash areas, pools are sxtes of .

N ' ' . - R

€. o . " . P Or



ifFLgure 10.

.\'-—

(modlfxed after D Smith 1973b)
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Idealized skchh of pool and bar sequence
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ferosionuand Qravel transport during maximum discharges whenﬁf57*:h

-Echannel-bar complexes are active ‘ Water surface 3lopes in. . -

:}the convergent channels are quite high (S =™ 3 4 )- depths

'faverage from 3 4 ft with a’ maximum depth of at least 5 ft-ﬁ .

.?

-iuidths are cuite'Vﬂflable:'raHQan from 5 30 ft Host poolstf"f'

:iarealess-than.zo ‘t wide Due to the Funnelling of large

fﬁquantities of water through a constricted channel bed

o al

3-velocities are\quite high (average bottom velocxty = Q S 3 0“}”'

ug‘t/sec) Sedinent that remains in a oool folloxinq a high

'fdischarge period wnuld be a 1ag deposit too coarse to be. *K~-2'

Vmoved by the flou in the pool (Figure 10). R EtE‘

e Upon downstrean channel widening;‘flow becomes

0

ﬁgunconfined and. diverqes Sediment is then dep031ted in the

-u._

r«‘orm o‘ qravel bnrs (Figures 10 12)., Bars assume ‘a Variet;

. ,‘"
.o“-shapes depending uvon local flow concitions prpximity

" to banks steadiness o‘ ‘low duration of flow ‘curvature’
“*and dcpth 0f the channel and bank stability

- '

- There is nuch dispute in the literature aaout “the
term "bar”. Many ynrkers refer to-“braid-bars as those
"ravel accu"ulaticnf Jhich diVide the channel to cause a

'braidcc pattern (Allen 1970~ Blatt_et al.,¢1972; Rust 1972

"Boothrovd_ 19723 However, such'braid‘bars may have:very-
.c0ﬁplcx de?osrtional ﬂn“ erosiona histdries, as demonstrated

“by K. Smith (1972, 1974). O\ -\ -

. The majority™Qf the mid~channel bars are remnants

L |

Lo
"




FRE

e A PR
f ‘ormcr bar and channel norphologles Attempts to classlfy

E thesc mid-chanﬂel erosional Pennants as bars were abandoned

‘. .
- J

due to the vurv COﬁplex norohologxc hxstory of these featqres

-.;he author xs ‘ollowznc the classx‘lcatxon scheme of Sn;th

{ 974} bv us1na the tern unii bar LThxs tern refers to‘?ﬁi'

I

f ‘those bars tha& Have ‘axrlv axﬂple morphologxcal developnents,‘

uherc observed bar ‘orﬂs are naznly depositxonal featureS"
‘_- LN /-'. ,o.: ‘ S L R l."
. thh onl sllght croslonal nodx lcatxonu. 1'ﬁ e

Using thxs deflnltlon o‘ a brald bar,'there are

‘our ma]or tvpes o‘.unlt bars 1n the hxcklng Horse Rlver (ln

"forder o‘ relatxve abun&ance) diaconal transverse poxnt o
and'longxtudinal‘unipfpa;s (Fxgure 13), g‘; { 4.*

[

L4

'Jfaronal Unht Bars occur as . le‘t (quu'u l4n) or rzght

(?Lgure 143) dxagonal bars (lookan dow nstrean flow 15

1

de‘lected to thc lcft or rxaht across the bar sur‘ace)

" 1

v
\

(Church 197-)3 “ain ﬁlow directlons are obllque to bar

\
4 1onr axes and 'orcsct ﬂarcan ccmnonly nigratc at 90” to the

ma1n flow Ll:cctl n_"xnxaconal bnrs are.. the nost common. bar

Eorm in tbe‘Kickiﬂf Har e axv;r. Inxtxatxon of bar groath

hﬁ.ocigrs whevc secon*a'v Currents are de‘lected asvnet:xcally

'from the main fléw. " Bars c0mnonly occur “in- the lec o‘ pre-

existing active bars, or downstrean from the ]unction of

L'

atwp éhﬂﬂﬂ?ls of unequnl 3trcngth S

of bar—channcl complexes whxch at most d;splay falnt traces'“

A
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Transverse Lnit Bars commonly have lobate:margins with high

-angle foresets (uf Smith 1971) (Fiaure'14c)

Bar long axeé
are paralleL to ma:n !low directiona?f Transverse bars
"init&ate in expanding flo& conditions

~,

in areas where depths
1ncrease rapidly,_or at the junction of two channels of
unequal strpnqth

. , et

SN _'F..\-":

_transvcrse bars descri ed in the braided Platte Rlver svstem
_ _},“Shiéh'qiﬁﬁl) Coarse—graLned gravel bar lobes have also
Lo -' B '.-A,r- "“ . -J f

cen desc*;bed'fron the Worth Sasxatchewan vaer (D*“Smlth
- oo . .',(\_.- . B . =_‘K3-‘ i - IR L L oo "~~'

. 8 - = . ..._[r'_.‘ o | a . , ,“‘ -'K'l_,-" ...‘ . L Co -
Poxnt Unit Bhrs ‘orm 1n gently cOnvex channels. Bar long g
axes arc parallel to main ‘low d{rectlons

Point bars d1p
qently toward the outer bank and cdmmonly aM‘-’!EEIOP foreset‘}1; f{
or r1f¢1e marqlns._ Thcse bars are analogous to those found
1n‘Ebander1na rxvur s;sten;‘ ‘1 ; : ; o R,

‘__\ = ) _‘  R

- N [N '
U -
‘r

S
e

are iﬁxtxatcd as nxd channel rxdge4 (n

Snith 1970) (Plgure 12)
Bars are convex 45 cross sectlon and stredmlined cxgar shaped\
“in- plan vicw

: BN

Bar 1ong qxes are_g}rallel to m
directions.

ly
a n flow .
- “a L =
Bars can devclop foreset Qr, rlf‘le margxns
Longitudinal bur accunulations connonly serve as locus poxnts
fq;_riffle or d}aqonal‘ba:-inxtxation : . N
| - AL
'tﬂ:}i",‘.‘

Thesu bhrs are identical to'the sandy

Lon91tudina1 Uﬂxt Bars ‘orm in areas where gravel accunulatlons

""l




ﬂ?,stronqu in‘luence bar shape One of the major goals of

N

“lou data did. not corrclatc wlth prehmapped bar channel

and downstrcam sectxons (Flcure 6 15) Th r1g1na1 study

,to a3q3ngle-channel. Durxna maxzmum dzscharqes when bars

were mobile'ﬂrhcﬂchannel was-xmnassable. On/y lnztial‘and L

Preliminary observations by the 'uthor suggested

that regional slope and average bed load grain sxze may

,.-,.,..‘

"this project was ﬁo study bar and ch nel development.as a“ff_3_fjﬂ _T”f?-v-

Y &" -
‘unction of slopc and bed load qraln sxze it S

ff;fT;'5u§§c551ve plane tablc mﬁPS.during several diuchurge L
lcytles Qerc surveypd in 500 £t lona reaches of the rlver;f{;u_flJ!;ﬂ:i‘\;:ffi
Three sections o‘ thc outwash Plaln of the UPPer hlcklna Rt
Porﬁe R;ver uere selected for studv-i upstream mldstrean Eﬂu;'ftf_hg”yf;'-;-

plan was to correlate bar-channel Pattern éhanaes wlth

- "
local dlscﬁarqes vclocxty fluctuatxons and flow dlstrxbu-

tion patterns. in- roqzons o‘ dx‘fer;ng reglonal slooe and bed )

'

‘oad graln sxze ) Howcver. there - were nany Lnsurmountable ‘

"
.

dlfficultles Ln usxnc thxs approach I f”t( e

Flow condmtxons fluctuated so rapldly that neasured”;”"

L)

patterns. ”lows in upstream scctxons were confxqéd malnly- T

"inal bar-channcl pattcrne werc maoped in the upstream sectxon

.. T v Ce - . o o .o

iy
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making it difflcult to'co:relate changes‘with one anothef

-.—

Hidstream and downstream sections have simllar.“u

,v‘

braidinq patterns.“ ?or this reason, survey maps of 500 ft

5? reaches were only-made in the more acce;bele midstream

sectxon,; In the downstream sectxon ind;vzdual bar deyeIOp-.T'

oent amd decay .ere nonxtored durlna successxve dischargegf?f'”*°f

SR e T T
cycles "-J~_.3q”j_‘__’ _Qfﬁ_‘x;'fj;.1_;,3?J T
. 'DESCRIPYION. o?.__[s"r't'zoy" AiiEA's-__fi{; R e

R 8 high—gradlent (s 3. 0 0054} (Fxgure 1) coarse--ihif:cf”"3 ﬁ

graxncd (ﬂz- -5 69) (Piaure 8) upstream sectlons the flou

15 con'xned raznlv to 2 Single channel (Flgure 16) ! Channels‘fff‘:

f:‘arc deep ercsxonal ‘eatures wrth a falrly st'alght to somaé~c'
:what neanderinc form.F Bed load 13 transported oredomxnantly
eas dxf‘use aravel sheets,'whxch are commonly onc or two ‘

'&"pebbles thlck and haVe 1ll—de‘1ned narglns ‘ Dlagonal bars

- . )

occur rarely Ln protccted lees o‘ ore—exlstlig bars or bar--»

'7Jchannel remnancs (Vlcurc 16) Sediment was \in trah§port

s

1onlv durxng short perxoos of max1wun flow condltzons where.

-dzscharges excccded 2, 000 cfs (quure 4Cl.. o J f'?-
| By contrast, in the low-gradlent (S =0, 0034)

lfﬁgﬁ:e‘ﬁ) .xne—gralncd (ﬁz = »4 3ﬂ) mlostream and

Mz = }2.73) T?icu:o 81 downg;rcam.rcaches, channels a:e 
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5ffchannel but appears to be equally distributed among many
:flehannels formlng anastomosxng braided complexes Diagonal
'f'bars dominate in these reaches Transverse bars are also

f;dcommon (Pigure 16)‘ : Sediment was in transport?during most't

'of the. field seaSon,.where Iower fluid discharcj"é's were'

’”Qneeded to transport the finer—bed material 1n midstream Q;eer;eﬁf:”'f

'q(oneeded 1 000 cfs)

g ; 200 cfs) and downstreao (Qneeded

) .-

’fhsectxons (quure 4C).._i}'-hiﬂﬁ;fx;f.j-‘g‘”;f*fljjﬂ‘f;jjdj;i

?!fbroader %nd shallower.EdFlow is not confined to a single'main}ff@;aﬁg:fﬂFff-

-'l_.r "‘.‘ e S - B " 7-': ‘ ks ‘_-" ,:-‘_‘ ' . “.',[ . .- .. .-f_ .
. s Foov

““;1}, Upstrcam Section 1' ; *;Vf_\ :Uﬁ[','f:dfrfr'

The upstream sectlon was mapped dur1ng rxsing stages-

‘-"of the sPrinc %elt discharge per;od (June 22) (Pigure 17&).

, Pre-existinc rxdges 1% the channel modified ‘low patterns"
and 1nit1ated gravcl accumulatzon and bar growth Ln tne lee -t
of. these obstacles. :As shown 1n Figure 17A a pre-ex;stxng ”

.“gravel rxdge in the maln channel bl‘urcateo the flOd

.o

Doninant flous were deflected to the west and east leav1ng .

a low—veloeita, low—d;scharge znactxve area. Deposztzon of "'_

gravel occurred xn this regxon as a diffuse gravel lobe C

(B similar in shape to a transverse bar lobe, but 1ack1ng¢l

1!
i Hafwell-defined merqin.- This gravel sheet was approxinately

."
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tfﬂJwas ploored uxth a cobble sxze lag Layer Thxs channel

'ﬁ; ]oxned thc na%p ‘low’ ownstneam from the qravel rxdge

hxnto the Iee'oftthé sheet, reSulting in the formation of a

1$oall ﬁingonal bnr (C ) Pldw between the pre-existlng gravel

"'- . & '

:fgerldqe and the di‘fuse gravel Bheetmwas convergent form1ng '?iﬁﬁ

a_pool thh very hxgh veloqxt;es (greater than 4 ft/sec) and

"'."""- - _.,

hzqﬁ wetc ‘sur ace slope IS [0 S’i Thxs convergence channel

* . .,

‘ L

. Bl

T \-_'.

.‘ . N .-n

formina 4 much deeper and swzfter pool whzcn perslsted

- el e . . . I B
S TR ‘ S “

'ﬁr*dOvnstrear apprbxanatelv 7: ft Two small dlagonal bars

‘f“JHe onl mappableiir‘fuse sheet was bar ?2 ‘However,_large:.f

'-:volubcs oF cobblcs and large pnbbles.zere in* actlve trans—'a“

& ? ",‘
- ’- ¢ ‘. o

forJed 1m protectxve lees o‘ exposed bar rennants 'wherg

-ﬁecoqqafv currengs Were°deflected from the maxn flow (51- if
\

]

v .;-'-‘ 'c-"'\'_

port aﬁfncd Lodd 1n the main channel.. Due to the large Q‘ d'

e

deptﬁs and ngh suspeﬁded sed1 cnt concentration of the ‘-%h>1;;,$

o L 1 -

ﬂ‘watcr rt uas xﬁpossible to. discern the p051t1on of these

g : 1-'“V7 : o : SRR

..shects.;/, R U : B L.

B R SR ‘ T S
o Durinc xncrcased ‘lows,,the gravel sheet Bl and the

L a-l -

all dxn- nal bar Cl were eroded away. The diagonal bar Al

i
Jp——
iyt
“l‘

'GXtended d/ﬂn»zrear—and began to 1nfluence the main channel

510? difee:i_ns-durxng‘falling.eraqef “Main flows were,‘




diver;ed to

; deflecied flows
dxvergent ‘Ecw“oattern in. the 1eiqu the ridge Large tclf;?iiii
ncdium pebbles‘eere deposxted‘xw this.area.e;(addiffuse L
gravel sHeet (B ), which Ln twrn dlverted flows and created
| 'a protective‘ieew where a rxght dlagondl bar forned)(F ) :;e;;fe*ﬁ*f;fﬁﬁﬁ?f

Thg left diaqonal bar (”1} became dxssected during decrea51ng wffifff{-f‘{i.

’;;1cw5 1Flgu:e ITB Bar az) ' Bar remn&nts,o‘ thls diagonal

‘bar thcn dxverted =10$s and became the nuclel for f%feset jjflrf

developmcnt f nfter Junc 25 flows aere not comgptent To ;;ﬁfﬁflf'f

transport the large bed load sedlment o‘ thls upstream reach

,‘ yet

and bar reunan(s‘us 5een 1n Figure lJB remaxned xntacﬂ durlng

-

"'-the remalncer of the"xeld scason. :“.;7,#f~-‘}'_ . g SR
‘“HF"'” R e :ﬁ R O AN
destream Sectxon m‘f;“”-“}if;,s“\ . :.Q‘ =~ '

'“; The midstrcam secthn was napped duran hlqh dlurnal _-gl‘,"m”f{f

§ '5ummer glacxal .clt dzscharges betk én. July 18 and July 249

Iq contrast to thc upstrcan sectxon where mamn flcws were--zj.r;
o .-

- restrzcted to scneahat meanderxng channels 1n the mldst*ear S
> . S el . e

sectzon channcla are hxghly anastOﬁosan complgxes

(:;gpreS'Ian 138)'- uving the hxghest summer dlscharge‘_ - o ﬁ<i*?'

RN a — v -‘.’-',-
~(qul"‘2l) ‘loa was alnost sheet lzke o ﬁ? .;_ﬁ ST e

! -
—

' Shallow rcaches -are characterlzed by dLFfuse gravel ey

[

"~

sheets and 3ﬁali transversemdiagonal unxt bar\conplexes
o s . - :
.o R

-Bar ldbes o"erlap ‘ane another and duran hlghest flows seem’

[
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o display a somewhat pefxodic spac1ng._ Bars in the shallow

complex have little or no foreset development They are'h'

~c¥ Bars initiate as diffuse\§ravel

',

sheets,; nd with an adequate basxn depth into whxch they L
. . s -, . - ‘.-” ® /‘
arc_mxgratinq, they wlll develop a foreset margln.\ j”i‘**T.q‘ ‘

_w-_ . -

T _ Pool and bar seauences occur in the deeper channels 7ff' ff9~jf{ﬂ
. /: LT . . n e
As in the upstream section diagonal bars form Ln areas where o

secondarv currents are de‘lected from the flow (Fxgure IBA
L

:;éég Ay i'“.S"all dlaqonal bars in’ the main channel form in- feﬁﬁiﬁ.j 3;:;;Ff
%hfile Protectxve lee o¢ preee;xetlng'actxve bars (Flgure 1%? PO
--".':'f:fa'_ar ALY, On July 21 the mam flo- .in the deepe} channel .. : .
i{shi‘ted to the south thereby leavxng a: Low veloczty zone- ;;-i;;fiE’f\@.{ﬂf
w*fvhere ‘lows becane dayeréeota.hxhe transverse bar C2 S ? "'”

RPN L0 ;
".ergure 188) xnitiatedfﬁs a, dlffuse gravel sﬁeet uh;ch

'Tf’henwdevbloped a well defxned foreset margxn thh declxnxng
f;“xscnarge,.floes CO“VG'GEd Oﬂ thc bar su:‘ace to a s:nqle:v‘;

- ’ r

;cchaﬁnel hﬁich thnn qraduall? eroded the orxgxnal bar surface

DxaqonaL Bar 32 nlso became extremely dlSseCtEd o "-”'“Jc'l' )
R TP P _ .
R ' . S O P < M
1. Downstrean acct10n° e T T T

{‘n,%ajor flow was not concentrated 1n a sxnglé cnannel -
: o e
'5"n the do ‘ngtream: sectzon.- Doeinant floxs may be carrled : o

3

' down one channel durtnq several dxscharge cycles, then floas
v .
;_;uould gradually shxft directlons aﬁd Qgcqgf a dlfferent

*

~‘,'t'charmel Shlfts back and ‘orth between ad]acent channel

0,"."
r .




systems occurred three,tines during the fleld Season (Ma} 23_,521‘:Lk§
7 . :

to September 5)' Because oF the unpredxctabllity of the

position of the flows capable of transporting gravel the
?y-nethod o‘_makxng successxve maps of a ngen §00 £t study~-
each was abandoned Rather small bar channel complexes

were mapped during successive dlscharge cycles to see what fff'

o b
TR

'fﬁ‘actors pronote or dlscourage bar development and growth

T'wTﬁg'_ As in the previous sectlens studzed bars 1n1tlate

.\,..:
W~ .-

as diffuse gravel sheets durxng hlgh fld&s in areas where

- .-._ ' _r L . o
"1ow cowpetence is reduced Transverse bars commonlj ﬁ' :

— . Tet

xn reqxons where confxned ‘lows fan out 1nto¢u1der channels : IR *;3

-

(Flgure 19n) “wath further downstream and lateral growth ‘Jfloﬂﬂ B

A . \

tne bar develops a weil defxned foreset margxn (Fxgure l98)

.- oo Lo

Du.ing decreasxnr floa condltions (due to a Shlft 1n the

direction of the maxn flow) flows enterlng the bar mouth :j“

beca“e i:ifpable-o‘ tranSportxnc gravel across the entlre -'L:' B

e
-t

bar-surface | An inclpxent converqent channel formed on the i}”‘ T A

‘®
-

‘bar surface (Fzgure 198) : ﬁxth further convergence of

A

Y"lOJ 1nto this channel the bar sur‘ace became hlghlv dxssected

LI =
- ‘I

.:;ne dounstrear 1obn was. eroded out and sedxnent4w35 redepoSw
‘ R ) -~ ]

wa xted as a’ serxgs “of small gravel lobos (quure "19C) . l,

. . m—

‘Secondar .‘lohs Contlnucd to occupv-the southeastern ll

—r,

- \

.wjthc lobc and were conpetunm to transport snall pebBle
llnb then behaved as a left d1agona1 bar.‘ Upon subsequent

reoccupation o‘ thzs channcl by the maln ‘low the bar gemnants
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T L
vere. completely- eroded away."
CopiscussIon o oo s e Tt

- Processes assocxnted Wlth bar development and destruc-'}"

-]tlon are illustrated schenatxcally 1n Flgure 20 ReSults
_ .o . .

':[‘rom the present studv suggest that bar development can be

':'descrlbed as. a three stage procesa-" : R ; v i
‘klff Bars studxed-xn all three.reeohes seeo to‘xnltlate‘as
' dlffusc gravei sheets in areas‘of flow dlvergenceeﬁ
. {2) :Subseouent reuorklnq of the dlffuse sheet deposxts-
- and transport ‘of flner debrxs-results xn incxpxgnt}r
:-bar“orms wtth barelv dxscernable foreset narqxns-”*?' .
{JEH‘Coxncfaent bxth contlnued lateral and downstream N
_groyth;o‘ the 1ncxpxent bars _true bars- evolve Uhlch
eisp;a? welardefiﬁed‘foreset or riffle marqxnst
The bar ﬂOchélOQV that develops 1s.a functxon o‘ a oomolex
1nteract10n anéna many . parancters (n. Smlth 1974), some of’
'.chh includc lgcal ‘10h compctence steadlness of the flow
duratlon of the flow,-proxxmlty to.stable benks,‘qhanQGQ‘ ﬁim_

curvature and depth dhd.the erodabiiitv'ofothe bank ﬁaterf&{.

(Haintenance of a bar form depcnds upon the £luid

'dlscharge enterxnc thp bar svstem and the bar area. Observa~

-t10n° b" the author show that wzth sxanlfxcant lateral qrowtn

°
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rshallower and broadef braided channels 1n downstream reaches.; o

=

bar form ls the dxagonal bar type Transverse bars are alsoibf.s

; n
commoq Channel qeometrv also changes from deep narrow -

".x'-' "‘-'_

somewhat meanderlna channel syStems 1n upstream sectlons to

( . .
These differenceﬁ in. bar and-channel morphologles

.fan the rlver system Can be exolalned as follows In steep

'ffupstream coarse~qralned reacbes gravel xs 1n transport only, ;

;ffdurlng shoot perxods_of maxxmum flow condztions (Table 2)
'gmrluxd discharges needed for actxv& bar—and-channel complexes

:ﬁlan the reach were found to exceed 2 000 cfs.. Sance the bed

-

{:load materxal Ls very'coarse—gralned lower flows cannot _}fr“

"-.. EY

 are1old the dxffuse sﬁeets 1nto true bar forms. C01nc1dently,5Q,

kY [ H P

r.the louer dxscharge-‘lows occupy &he channel carved durxng

"hxgh flow condltrons.h'uence there 15 lxttle 1 teral

'shzftan of naxn,‘lo« transport between channel systems,

'\‘.-"

':'335U1tlng 1n a relatlvely stable maln channel Bars observed

[

Cin the maln channel are EEIlct forms from the hlgh flow

* 1

;fcondxtlons durxnd the beginning oF the summer d;scharge'

3

'fPeriod when contrzbutxon ‘rom snow melt areas was sxggrflcant

A
¥

nThe occasronal diagonal bar forms are composed Of flner rf. ‘o

0 -

'—58dlment and occur 1n protectxve lee areas WLthln the maln '

‘.‘ . .."'_ P




:fIn 1°w 31093 flner-grained mid- and downstream:f‘w

reaches, lower fluld dlscharges are needed to transport the

finer bed 1oad mater1a1 Consequently, original dlfﬁuse

gravel sheet deposlts WLthln the main channels have an-fjt“j;‘itf:fiﬁki~”"

o

opportunxty*of_being reworked throughout most of the warm j;j,{;fyfjjﬂffﬁr‘

R

summer months -reSultlng Ln exten31ve true bar formatlon. jﬂngffﬁgif'u“ffF

There 1s s;gnxfzcant lateral exchange of maln.flow transport

between.ad]acent channel'systems yleldlna the complex fff‘ifef7fé?:”fﬁ‘
brALGEd channel pattern t EUP SR 'L” BRI

B qular tran51tlons from lllfﬁefzned bars 1n prOleal o

areas to true bars with well deflned margans 1n dlstal 5‘;ff IRy

reaches have been observed by Boothrbyd (1972) ln the Scott f‘;rfyf_;f

’ .glaCLer outwash faP, northeast . of Alaska N ‘
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Ff{SHallow brald bars that are—not understood lnéludxng the ;.‘

BEDLO;\D TRANSPORT ot GRAVLL BARS-

-'*' o -
K . e ~!
A i D
A - '
e R PN v
™ .:A
- .~
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There are many aspects of seazment transport on Zf{r

"._ T e .

;' o N ' . . L A . . I

‘Ffiii; Host of the bars ‘in” the shallow bralded complex of the

2y -

‘?-‘and ba_r ruaratlon. What Flow oararreters ate most
' i

3.
.

o _. &

hlcklng Horse vaer mlgrate rapxdlv durlna short perlodsxfpf

K

of r1szna dlscharge cvcles Thls enlsodlc nature of

bar 'nlgratzon suggests that there mav be threshold

KICMNG HORS:. RIVER: . J SR

values bOF certa:.n flow. parameters that must be T

o

- exceeded before there 1.5 ap'arec?lable bedload transpore

at o
-~

».3- \

Pesults frcm the plane table mapplng ~pr03ect of bram..ed

e s

patternq (Chapter 3) stroncrly suncested that bars~

', . f ¢ [

‘gsubseauent rework;ng, fxner mater1a1 was wlnnowed out

Iy . : N
R R e R T T

" 1mpor'tant fot b@r niqration 1n shallow gravel 5treams‘>

orlqinate as di?fuse poorlj sorted qravel sheets. 'Up'on'-ﬂ

and renolued as a., tl&bﬁ!’ ‘form.‘ If th;.s J.s the orocess

E

e




”fbver actlve bar surfacesv_;JTu_

f}fﬁfﬁtﬁars whlch areealigned parallel-to the current conmonly '

i:;display marked downstream-flnlng trends in bedload

'"3pgrain size (N Smlth 1974) Does thzs finlng trena

"w“hfefleCt the Pr0posed WlﬂDOWan out Process of the ﬁi”*?"VV
"‘f*flner sediment ’rom orlglnal dszuse gravel sheets? iffgijf”;yfbh::* P

. *0 _ . et : Gt
One aSpect QF the problem assocxated wlth bar m;gra-fV“"

PR

tlon and sedlment sortlng nechanlsps xs the dlfflcultv 1n~f;‘

2 ac

h\fddeﬂtl‘;lno the flow condxtxons needed for 1nc1pient gravel

\

3imotlon 1n shallow streane w1th hlgh bed roughness elements.'
T'ance the publlcatxon of Gzlbert s (1914) paper‘"The

'TranSpcrtatxon o‘ Debrxs by Runnxng water considerable work el
[~ . G -

TQLhas been conducted on the mechanlcs of bedload transport

1

,(Rﬁﬂlstron 1935- thelds 1936- Rubey, l937-~£1nste1n, 1950
~Sundborg,.1956 Gessler;\1965 Guy et al., 196& Wllllans, }j;"ni

.71967- Harms, 1969) Host of these bedload studzes have beenlr-
V'fconcentrated on, sund- -gizé sedlment transport because 1t~T§'j“;,f

‘;verv difflcoltlio mea;ure‘coarse bedload novement Several - |

z‘wo;rers haye applled well known transport formulae and ..jl:y”‘:‘?f"f.:.drﬁ

1 L

establlshed hvdraulxc relations to natural channels thh’

. (\\ ‘_ , Ca : Lt




“ﬁ cher studles have been concerned WLth

b the appllcation“of these established”“_elatxone to anc1ent ;
ﬂ5~ccarse gralned depoerts 1n order“to 1nfer former flow'ﬁﬁife"'“ul }
‘:'conditions (erkeland 1968 Baker, 1973 Eynon and Walker,;};b*gix'La;:n ;

1974) Few studies,‘however, have/;ctually tried to dlscern Rﬁ:if;tz;;{;?ji:

the maln controls of sedimentfﬁransport and flow condltlonslﬁJ' ;
a - s

characterlstrc of qravel streams (hellerhals, 1967 Helley,

1969- Hollxngshead 1971- w;lcock L971) Most of these ﬁ;ﬁﬁﬂr-fﬁﬁf'

stud;es have been conducted 1n water depths bexween 3 ahd

30 ft and 1t may nof“be correct to apply the sane hydraullc

“37'1 ‘or'nula ) the shallow (o 5= 3 o ft deep) gravelly -channels
.. -f . PR N e -.._._ S ; : .""A_‘ C '. . -‘"' - . "-‘.—:'..
of rhe chklna Horse °lver svstem t*-”iif_~}f7'L7a”‘3ﬁ;5FTT‘ P

..’.

Obvxous dxfflcultxes 1n applvxng hydraullc formulae :J\.ﬂ“"

to shallow systens arxse from interactlons betdeen large rougnness

'"elenents and the flow For exanple,rturbulent eddxes shed

. § V
‘rom the 1 rqe bed particles probably dlsrupt the entlre ;

flow and the assunotion of a loqarxthmlc veloclty prolee :-i.glf; _th

. -

:’“3Y no loncer be Valld and frxctlonal contrlbutlon from the

bed lerQUIarltles nay bc very hlgh Also, interactlons ,vfl.,___'-n-r:‘/f

betueen partﬁcles 1n transgort and bed roughness elements “‘PTf'“‘{';:i.-

 # _—
. - - K e

'1av have a sxgnzrxcan* effect on - the inxtlatlon and malntenance ;_l .

P

LI

'of qrauel movenent

. f - e
1 r.
"

Lack of confidcnce xn applying exxstzng sedlment » x.:ef.ﬂ_ff% i

fa

transport theorv to coarse~arained shallow strean sy&tems o o

."i';h  S

-




! ' r.

”15 doubtful that'skudies‘of sediment and

“if{fluld dvnamlgs will be able to predxct accurately sediment

N . . K ‘ . . B .. e t" . .-'_ ‘ . o . - - '
_"ujmotlon of coarse sediments,_but hopefully relatlvely crude 1‘“;,13ﬂ3; ST
s : ST ) g PRI ISR

wfgsedinent transport m0d813 can be used for 1nterpretation of 'ﬁ;‘ e

.
e

"fﬁncient and recent de0031ts It‘was hoped that 1n 51tu-yif 'wjffﬂ~7jff§f}}t

"ffﬂeasurements of flow parameters, bedload grazn 512e and bar {;;ﬂ;ﬁvi;faj};‘

V‘?”mlgration rates would allow some limited predlctlon ofgra' SRR : i; _E
. ;iinc1pieht notxon of coarse pertlcles.;:ﬂnit':‘{:;  . ;ﬂ  ::h‘ S a;;;
edocepupE o T T B T
B ‘lfffﬁﬁ—"*7zoi'-'5"ffbf*’r?f' . N et AN : :
.{T‘h;1f:h Toe‘puroose of thls lnvestigatxon was to try to j‘:répfs%ﬁaﬁffig{f#
‘£%determ1ne hydraullc condltlops necess;s§ for‘bég growthlend'l‘fwlff- § o
developnent to detesélne m1gret10n rates of ‘bars durlna l?";ﬁi;!fgﬂ”\ |
“ single discharge cycles and to examlee the sorélng of becloaé |
Y LS L e s - .
, material on bar sosfaces~_ The observdtlons were restrlcted', o ‘..??;er
eo.transverse bars‘monitored durine r;sxng dally dlsghar_gtL'si =;‘o"ila3s3'
- cvcles These bars Here chosen for study because of thelr f 7‘ ;

relatxve 51m“1e ﬂornhology and flow dlstrlbutlon oatterns .
- e . S

The downsrream studv Section was chosen 'where most channels
were aCCe551o1e durxno naxinum-flows Bars were studled !'.' N AT S 7

E

durzng the Surﬁer Dlurnal stcharge Perlod LIOS’AUQUSt 2 to_ ~‘.f;iix"..[~'

eg_;ﬁggust 10 .hen caily-dxurnal dzscharge fluctuatlons varled ‘7ff‘-?g‘
. T o .,_l_ . - SRy R . 3 ) . . . ‘ W o= ) .
‘ SR ¢ ' o
. . ] ' . vt N . . ]
L o . ' ‘




'sur‘ace and the downstream miaration of the fore5et margin.‘f}u*jjj”m_.'

:fby 5

~ffduring low flow periods Two stations were established
1ﬁrone at the upstream contact w1th the convergence channel and
“”ﬂone at the downstream foreset margin (Figure ZlA} During-gﬂ{fidﬂr'”

‘ffrising flows the following measurements were made at approxi-l--”

"fidepth dimenSions of the ten largest pebbles on the bar

. 5edlment concentration, lt was 1mp0551b1e to see the pebbles ~f;;;
.ffon the bar surface Because pebbles'were returned to the
”-recoqniZt pebble lags upon recurrent sampling of the same- fﬂ~. B ;

"‘partlclﬁs ﬁ,andom veLocztv profiles were neaSured during

fcondltions the followina day, the bar outline was resurveyed
iiand the stations re- qstablished On the average, bars’ could
Lonij be monitored during two cycles .as flow conditions;

:Chaﬂged SO rapidly that bars either became emergent

o or were. completely eroded away.. R _;_.

4

The procedure<cons;sted oﬁ surveying the bar margin @ﬁ;

v : LaE

i -

[y . B g

*“fmately 15 minute intervals atathe bar stations-' water surface

A

'ﬂ;elevations, velocity measurements (thh a- standard Gurley—f55;f5f¥fﬂfﬂ?*fpéﬁf

"' Yo

-f"Price current neter,gﬂ 2 ft above the bar surface) water ST

e . IEAT EEE y
)

L R ) Y wel i N SR PRI R

The ten largest pebbles Lere selected from hand grab samples

of”sedinent on the bar surface Due to. the high suspended

_“ b“ . L e .
. ) . :,‘m.__.

ginal sample szte after neasurenent,-it was posszble to

- ‘f . ] .. N . -

)

rxsxng flow,conditions on several bars.' During low {1ow _:A L

[ _ n-

Y s - —-—4.____

[ o -.\.‘

.1nactive o

o n: v - s
R S R : . I
i A |

% Smith (1974) also studied bar evolution during {ﬂuﬁh‘;.'i : &;q
(}.‘ ..- A. o } ..“‘-1 ‘ "‘-\ ' !

a’ . .
v PR L - 3




Figure 21A
5‘_., '.;l g

Flgure 215
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7 FLEld sketch of sample statlons on transverse
gbars hlgh flow condltxons

Flelc'sketch of’ sanole stations on dlagonal “
.bars, low flow conaltlons e : :
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;':measured flow condltlons and bar migration~ ontinually

}ﬂ;the controls of,gravel transport;é))bar %urfaces could be

ctive gravel transport conditlons due to the more complexw

'bbpndary and one on the riffle margin, directly downstreég

';rising stages in the Kicking Hprse River.; The essential

7$1contra5t between these two studies is that the present study

-

ot

'during risxng stages, whereas Smith's data were basicallyﬁ

.l"'

n_instantaneous measurements at peak flows It was hoped

Ly L

'_that by measuring flow conditions at only two stat10ns~on

'i;the bar surface and rates of migratlon oé‘the foreset thate:qff

3

o
.
, ]
) v " ’ : .

better understood -*f"w} - .l:?tf oT-- '.:"'- -ffe_fw, }JT

Sorting on diagonal bars was nqt examined under L

e

flow patterns over these bars. Under low flow condlticns_.

- measurenents o‘ the dimen51ons of the ten largest pebbles ‘;_<;Z"

. were made at-two stationsz one at the upstream bar channel"

.

.[from~the» her station (Figure 218)m Slopes of the bar _e”

surfaces were also neaSured between the two stations R

°

Diagonal bars with ‘orebet ﬂargins were not examined because

tnese bars are a trans;tional form batween d1agona1 bars'
Y '

w1th rlffle narqins and transverse ba 5 with foreset nargins

L ®
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OBSERVED m.ow ceuue_'rzons OVER GRAVEL BEDS S ”' e

w‘ﬂ A list of4§ymbols used in thxs sectlon is given 1n

'L;'[2”5‘ EstimatES of bed roughness can be calculated”from

ifsenllog plots of velocxty profiles u31ng the logarlthmlc ‘.lj J_.-;fi.-.f'”j

~.u‘n'en W= 0,0y =k /30,20 T i oo T T ey
T st e e T

_Seﬂilocarxthwzc olots o‘ the measured velocxty prolees are
_ shown in’ vloure 22 - Calculatlons of the estxmates o? bed S
".roughnesa are shown 1n Table 3, zhe average k value was

j.O 596, uhere k estxnates ranced from 0. 128 o 0 875,

jf resxstance to flow xs due to boundary roughness and glven e ; ‘ .

'r'veloc1ty 1aw where e o ?'.:":~ }i.¢-'g{ ¥ '\?\'f' BN o

-+
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Velocxtv prolee measurementS‘are glVEn 1n Appendxx 1

1
n

; o : S . - "i'.

-
Y

' -sT &lternatlvely, dif 1t is assumed that all the"

o~

'that the flow xs . fully developed rough turbulent flow

!

(large boundary ”evnold 's numbers) frlctxon factors (f) for .-t
S - :

the bar uq‘acea can oe éﬂternlned from the followan :f : . “'1 .;




'_C.eﬁ”.'.m Maximum bedload sedlment concéntratlon_f
- ' by welght in pa;ts per hundred thousand
e & Depth of flow ‘.-;""L‘*“."'.‘_ 0 ‘f“' '
f.'df:fffp ' Partxcle sxze at whzch 1@ (by wexght}

' ' of the materxal is coanser vy
hﬂhﬁAverage partlcle 51ze of sedlment

.o —
N .

Pl = [of/(p ofmu /(gD)]

"‘Qg“f‘-:j7 | -Darcy-Weisbach frictlon factor

.' \.-l-r-».-: J\

* Dimen51ons

\4

-1‘

o

fff;-fT Froude Number o ‘_};‘ . ‘iin'fthﬁ:_Qf}5“%

R T S - \.\.’- :';_ . “ ;.
9. . Grav;tational acceleratlon ;;ge, Lo
N 'f Wexght pex unlt ‘surface’ area of. down-g.ﬂ;”
bar | - . L
B stream bar sedlﬁents P u‘; E

gy fg We1ght per anit surface area eF upstream
lag ’ Y 'm "’ .
: N lag %edlments ~-_,3‘_:7‘ :
,ks'7;f'5 : Roughness elenent hexght .;“\- '
e s SR
9cale P:obablllty of a glven graln s1ﬂ
IR Lg'remalnxng statzonary e
- gL . e L
L X51°pe" o 7

szf‘f' .f:_Veloc1ty (unspecx‘led depth)
Averageryeloclty (average of veloc1t1es
measured at .2 and .8.of ‘the. total depth)

.c‘.

_u-' R 'Velocxty meas&ked at ﬁg&qh“ y-measuped‘.
S above the bed -~ - . ; :

N

£ ~ P

" . . Shear veloclty - o s .IJ.'

o -HCritical shear veloc1tv, calculated u51ng
Shield 5 crxterxon R L «h.

,.D.

Lo




’5fﬁfneight'measured above bed

T

""*"‘-:f:smeld s beta = /(v Yf)ds :

bﬁj¥. ﬁi“f::w.fUUnit weight of ‘luxd

'fﬂ'fﬁi~fgffF jl-Unit weight of sedxment

ﬁ_bﬁ¢15fh;5££§ﬂ:‘Dxfference in long akis measurements @"”'

.;of ten largest pebbles between . - ~-—\\\
S . .upstream and: downstream sample'y'_
.;gw-,;j“g‘locations;u‘fs" :-.v,-h.-,‘.w"ﬂa”'

o - - - c

. b?i{ﬁs;.___  'Ind1vidual percent (in decimai form)
ceo T - 'of grainisize (i), -in bed: sanple of
TR - -“,downatreaﬁ “bar" deposxt o ‘
f‘ﬁéiuighﬁ;.f'ﬁ'“Individual percent (in. decxmal form)
R '.~3NV“- . of grain size (i), in bed- sample of'c.
. upstream'”laq deposzt N
e e
0 :~,l3.k“.uass density of fluxd :

o -aass dens:.t,y oﬂ sed.unent C

N Shear‘stress PR ‘_'}i,"*f"fl':

- o . *

o

. . v, . L ) . te { .
Shear strcss;tct1ngog the .'ottom,

- \: '.\ . N ‘.\\'-'.

.f ML_'&T? :




| .'.',--P_ 7.- i ‘ : . S e \\
,_downstream stua Scct'on>
. . \
Data are glven kn ﬁppendzx 1 Cu:ves

'l?eldcibi pnofilés

dra n ‘ro.‘\ecmn ;on": qcnerater‘ bv' 2 cn. T .,1.\ e
i_ p’r‘hq;‘d:ﬁ g! Med "0‘32") us:_'.nrj- _;:u-l‘;fi'gzl-.«;' _31'i‘:r:-'1.;""

--

reareqsxoh nal-sis,, = v T R :
,‘ . " . = .|l/’-:' '; ) .
:‘\‘\" K [ . . .

;
~




c
C et -

]
o . -
]

»L._'_'-

4

-

B

DISTANCE " (¥) ABOVE.BEDLFT) ~ 57 o o]

.

1 .

o 6 cuave uumasn nm g
DESCRIPTION OF LOCALITIES |
mvgu m Amnmx 1 S

. T
2 . 3.

VELOTITY (FT/SEC)

e ..
=T 2
. PR .




Bed 'rouqhness estfmates from ve’locity
profile data Tkl e i

o Y?E? ¥y ( t “(‘t/';ec) (ft/sec) (‘t/s.ec:) u ecrtqtﬁl ’,, S
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0 327 {range.. Q.OQB 0 582)

_ 2? Ty
0 079 0 906) Calculations oF theSe f*values

o 368 :an‘aes-' :
f anc shoxn in ables 10 . e
: anr" cquatt.on ('4) S values wure cound to vary between. . ‘
B T T I T Tt K TR AR SRR
‘ ﬁil:&,75 Becaﬁse.thc flow‘was very turbulent thh sur‘ace if:?:}_éif‘  '
‘i boxls and eddins, yater surface slope ncasurenents ma§fnot o - TJ g
ﬁ' Ee ;elxgble. unonalous slooe (S)’values ‘in equatlon (5) j 17;;',‘Lgi ?QtfiJ
e .- ’ RS & .

mav account for the wlda range o£ £ values obtalned at S SRS L

5 'ués;rcaélaﬁ$ dew natrcan qbatxons on.bs}.ég ace§.- Alte"natlveli.‘ _;3?; s

" ‘hhc ’ollo;znc cquatloﬁflan be usud 1th the vclocity pro‘xle e

] data to obtain other estimates of frxction factors on bar'j i;‘ ,Ijlfuﬁf'jf
E surfaces- L '? T : : o . '.7 LT ’{ ’"-¥ '
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Graxh size values correspond1nq to ;hls

bedloadascdincnt

;pczcentiie are\only 0 05 ‘c,,which xs nuch less than est1ﬁates '{jéﬁ”‘h

-.-., -

hellerhals {1967)

ﬁo‘ rounhness“rom_equations (1) and (4)

' ,v.--
D m

aap'oxiﬂatelv'caual to thc loth percentile of the graln 51ze

N .
']

sxze ot scdxnent 1n the 10th Dercentlle (anure 23) (l 57 Ft) ;”i“}
“"”' 2 L : & _a“.h'g
is hiqﬁer than the sxze o‘ toughness elements est1nates from ':flyffi
. . > -

':QQuat1on (1); but corresoon4 to thc s1ze of roughness hclghts.

obta1ued from cauatlon (4) A sunmary o£_£hemyarlous

-
- .

lestxmatcs of bed roughness Ls ngcn in Tabgc 11 : 'f?uﬁ | '?kfIUF“;._'ﬁ

c . ' “ . -

‘,3' Lsc “af - the hefyod involVLna the velocxtx pfOflle c i T

K -‘. . 7‘ o d : ‘ . - ,7. *, ‘.‘ .
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A

__——verocrtiesﬂhad—to—be—determineé.} f"::'”':i_:" lf_ '"'7" v
"ﬁ;iﬂ_ﬁ;a An empxrical relatxon between bottom velocity measure-a‘f‘ﬂ'“

verage Velocity\end Bottom Ve1°°1tyr‘gﬁﬁ;i;- R

i ons';#_ o

Shear Velocity R
Bottom velocity measurements on,active bar surfaces

Y 7':‘ -Jurv,n.

-vwere obtained with a standard Gurley Price current meter at a

“ndepth 0 20 ft from the.bed Because most equations 1hvolv1ng

- ? :
5ediment tvansporrﬂptxlize the average or 5hear vel\oities

relations between these parameters and measured bottom ,-“,

--ments and average velocities were obtarned from the velocity

/ld.’

',pro‘xle data tviaure 22 Appendxx 1)’ The average velocity

-t-\, "

.fis defined as: the average of the velocitxes measure at‘depths 7"

*jcorrespondlng to 0 2 and=0 8- of the total depth These !f'

\..
L]

calculationq are ngen in Appendix 2 A linear regressxon -

”between bottom velocxtv mcasurerents and average velocxties
:balculated fron the vclocxtv profiles) gives the - followlng

'relation- ) "rf ,'. -.“_ o ;

A
0-

S The relationshxp bctween the measured botton velocxty

fand the shea: veloclty was obtained from eouation (2), where

i ,30.2% 0.2 m
o uO.Zy; _5f75 %Og (’° Kg } u. .

. ) ‘» . . - . -

. If'k = l 57 ft (corresponding .to the lOth percentile of the

qraxn sxze distrlbutxon)
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g = ‘ R 8 . - - 'AT.' 7)
log v 0,18 u 2y ,,0.0;? o ST (7)
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Graln s;zc dlstr;butlon\ 35 percent;le“:-f :d

w

: “ivethdd

e e ;"fFﬁff‘ﬁﬁoughnéésféizéf'ﬁl_ﬂ;“;f;ﬂif:

Chezy equatLon (5) and cquatlon (4) :fllf ;ks

>
-

?) Vcld&xt? Profxlcs and equation (l’ ngffikéhn 0 58 ft f:.-ﬁ# e

',f" s .”__-'J.;_f-_;ks_= o 016 ft

s’

.—..."0: 05 ft ‘_ : 'y

_dfaxn 512e dlstrxoutxon ;O;perqeptlle;ff,f d-Fﬂi;5j_ftf'?f7 1] N




"ﬁeddy development (which probably disrupt the entire flow)

"‘ormulae corrclntinq ¢arious river dimenSions with-{low

that the boundary tractive]force or shear streas'is an essential

parameter to define conditions of grain motigq, The shear f:f“f

-‘-

(10)

equation (lOYLwould differeﬁﬁﬁgte upstream from downstrean

| stations in terﬂs of flow conditions necessary for sediment

(-‘

'@ftransport ‘ Ho#ever, shea streseeé\calculated from edhation '.?}};j-':'

7 D) show no relation to the average size of the ten lergest

. The reasons for this lack o‘ oorrelation are thOught e

\

_:to be the difficulty in aCcurate determinatipn of depth and

*f=510pe relations with such shallow (1 3 fd depths, large J:]?"'
. ;-
Lroughness factors, rapidly fluctuatingoveloc1tie5¢and strong

/

ﬁproduCing locdtly non-uniform, unsteady conditions Kellerhals'],

'ﬁ(1967) found'tf t with large bedload roughness elements, there

is a radicel chanqe in phases of bedload transport and in':;j‘

iParameters.. His findings further decrease confidence in tne ’
"application\of hydraulic equations developed for essentially o

_ two-dimensionxl' uniform fldw conditions to flows which are ‘f_'"

-

tfunsteady, non-uniform and three—dimensionalf

‘o

T o
. YfDS K
It wae hoped that shear stress calcula ions (Tables 5 10}\Esing t?;:jﬁ;-f




Although-qa}culations of tractzve £orce showed no

';’frelation with grain size qp the bar Surface, & plot of bottom

‘-

-,.

'-;;medxate dianeter o‘ the ten 1argest pebbles does separate -;;ffﬂfi_'

L;?ﬁthe upstream lag dcposxts from the downstream gravels 1n

: 1ransp0rt {quure 24),‘frh1= plot squESted that perhaps;#ﬁﬁ;

v

hC‘ahCBT vclocxtv 1nping1ng upon the gralns was the mazn

Lot

:  ;controlllﬂq factor 1n the inltiation of bedload movement._'.

h,? for thlu reasoﬂ neasu;ed battom velocztxes were converted

‘to shcar velocltlcs &sxng equatlon (9) and data were replottedf':-’

~1n quures 25n'25?.

Other estlmates Qf the she&r velocxtv based upon

I

"“Ljveloclt"rpro‘zle qeaSurements or fron shear stress calcula-l'

- [~
'T,tlons qxve spurlous results, whxch are less than Shzcld 'S

TN

LA

: j_crxterion by a- ‘actor of 1 or 2. ._"ﬁ‘;;-: . fs._-u;ﬁfwiqhﬁff“

Assun;ng that Shlcld ‘s reiatxons are vallh for thls

svstcﬁ thcld s crxtcrxon was used to caICulate,the xnxtlal
”shear velocit" ‘or bedload rdvement usxng the follohxng
‘ :clatzops.,_ _ o _ . -

. 5 ' . -

o tc‘” ,'B(Ys (f)¢sL: . : _ L S T

Tc .--.‘ ofu'c - ._‘ e
o . : ' B .

For fully dgﬁclﬁid turbilent flow, s.‘__=_o.os'-,\ by substitution,

MS?tVCIOCLtV (0 2 ft abovc the qravel bed) versus average inter-.m f?e;;?*“

R
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- Mg el ) .
. S . o R 7§ﬁh. . |
i BeCGUSE mOSt OF the bedload sediment ‘was, doldmxtxo dn; comPosxﬁ ;-,;t" S

a . ’.. «"I

j-txon the density of dolomite (2 84 g/cc) was assumed to be'o"'j‘:".:;:,dvik

: the averaqe densitJ of the sedlment (p )"-Water temperatures'

'and suspended sediment conceqtrataons were mea;ured at varlous

Wit

i.staaes of‘the_’low to determlne the fluld densxty (pf)
Aifqesults ﬁtom these calculatxons are plotted in, Fxgure 25 asi

‘the critxcal shear velocxty,curve

’Compansons thh the fleld data (Flg-nre 25) show : . ‘

o L . . L .

that despxtc the fact that crltlcal erosuon velocxtles for':."=‘_-‘

L]

"[initiatxon o‘ bedload movement were reached 1n'mostccases;

at the uostream statlons sediment uas not txansported as.
3 rd

.predicted from Shield 8 criterlon Thxs dxscrepancy-xs
";tﬁouqht to be - primarily due to (1) the’ Lnteractlon between e -. o
particles and large bed rouqhness elements uhere'p;votlne‘

or overturnzna of particles nav greatly affect the velocxtxes I ' \{

at whlch bedload transport conmences. and (2) the dxfflcu’ty

in: obtaxning a true estlmate of average bedload graxn sxze

-

— s N

et upr el
+




o . b S
o ‘e \ ao . I . . . - .
L o P - o . P , . L

”j;; Bar ngration Rates and Bedload Dlscharge Calculatlons

| In situ datd’obtained durlng the risxng discharge

cvcles—on*transverse?barsﬂare—presented—1n*Appende73*' Quarlw

‘ﬁ.atively. by examination of the plots[ the: fo;lowing obse;va-ﬁ,n

of

“‘txons are made- ;5
- ‘_~

(lir'watet depths'hreETaifly eOhstaht'at'oothlupstreem and‘J

”downstream stations throughout the rlsing dxscharge

:_period ,.{T;‘ }"'1WY' S
'-(2[1,5110ht xncreases in average gra;n 51ze,of the ten o
‘ i + I\ . .
'-‘ﬁlarqest pebbles at both statlons correspond to upstream‘
.." ¢ . i

T

'F,velocxty increases-. "5\‘7 -1-_:i- T . f5' U

A
L

(3 gfrs nxgrate downstream blth an average rate of p.'

'A:O 062 ft/ﬂxn The advance rates varled from 0. 04 ft/mln 7
- to 0 137 ft/nxn '

{4) Bars nlcrate doanstrean in sourts rathef-than -L,;( '
L - ¢ . .
contxnu0usly, throuqh rising flow condxtxons .

-

iHaxinum downstrean nxeration rates of bar- foreset

5

margins coincide most closely wzth maximum rates of

velocitv 1ncrease\at the upstream statxon.. S

A plot of gravel dlscharge versus rate of xncrease of

1

N .
Veloclﬁv at the upstrear station support -the. above relatlon S

betueen bar mxgration rates and upstrean velocity fluctuatlons

(Figure 26), Gravel dischargcs per unit bat. wzdth Mere
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., ..v- Figure 26. Plot of L-ravel mscharge versus Da:e of
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- Figure 227,  --Comparison \&‘.calcﬁla’tcd and measured qrﬁ'c‘
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iicalculated as the product of bar heiqht times bar advance,ﬁ;

R

";‘rates : Gravel discharqes per- unit bar width ranged from

‘o ogz £t /min to 0. 178 ft /min wit

o discharqe equai to 0 08 ft /min.

\ the average gravei T
L Y ‘ P
Gravel discharges show no L

relation with calculated stream ; er values, which probably ':f}

:e‘IQCtS the gross 1“a°CUfaCY of the - shear stress. values -"“1

obtained from the measured field data o df.. o f T SO

The observed correlation bérween bar migration rates

-ana;upstream.yeIOCLtv fluctuations ;an_be explained in.terms- o

. 1 . . ) - . ;
1 ‘,! - Jee . , . ; B N }

of the diffuse gravel sheet model. Since the diffuse gravel

' sheets consist of a poorly scrted mixture o8 bed material, .~ - ol

,»smalier particles”are lodéed in betueen tBF lerger pebbles :

N § certain hiqh velocity increase is needed to Jostle and vaot

N o

the larger particles, exposing ‘iner grained sedinent which

. 1 . . - . .
. ;is then tranSported downstream as a bar form. - As a result ‘.?

l.

lof this initial uinnowing of the tOp aravel layer, a large

-

..COarse-grained-pavementsis-developed in'upstream-sections

A"

which Drotects underlyfhg Finer sediment from being trans- L

¥,

portep Purther doxnstrean migration of the bar,front deoends'
.upon recurrent hich velocitv\lncreases 1n upstream sections, .

;which dislodae the, larger particles agaiﬁ ex9031nq finer . .
8 1 e
eediments to comnete t flous. For this reason, bar fronts
' A
seem’ to advance in spurts. rather than’ continuously during a

q- ..

’ 3rising discharge cycle where high rates of upstream velocity —

o




,_wancreases occurmonly occasionally.z

g:fkﬁ;d-‘ Bacause 1t was 1mpdasible to,obtain reasonable

: b . ,'y.'-,"_."

. . LN .
it - -

'7?estimates of shear stfess values or: critlcal shear velocitles,

-t

.:neasured gravel dischargeg could not be compared wlth dls—f{f";-r- .

~'hcharges predueted from well known bedload transport formulae
‘-3(1 e.hthe Einstein or Heyen—?eter bedload transport formulae)
'{,Hollingshead (1971) in his studygof sedlmentttransport«in'“w

"-gravel*rivers of the Alberta foothills proposed am:%lternate

i';pethod to calculate bedload dlsoharge in coarse—gfained &jf;;fu,f*

t"'_'stream.-s _ This method is based on a field determlnatzon of .li?}if;

';ipartial fluid dlsch&rgQS COntrib“tlng t° t%e bedloaﬁ transport

-,

fand on: analysis of qume data o‘ Cooper (1270),_ The-;;}ﬁfd;j-f@ffl

-

“ilnollingshead (1971) method 18 described a& follow8"ffu;'i!fﬁf';fldlz‘

.p.

Ltii) Partial fluid dtgpharges contributing to the bedload:

%ransport are calculated

Lo e
S S
. [

I,‘ )

; .

. ,

Gy

i LI o
Ty

o thia study were 6btained at—potnts“ the*partiai e ':f%m }
;f :;;'ufluid dlscharge“at the ?tatlon;\was computed as. . the_%u — :
.-}..Lihpzoduct of‘the depth ad? average VBIOCity'h~2§i?;':‘ ;Jﬂluipd‘ : | .
11(21"Cooper s (1970) flume data were used 'to obtain an. _l'pt ”5d£'-;t R R

heatinate of the conccntratxon by weight of the ﬂ;f-i ;:;_“ - -;__iy

L bed—material discharge in- parts per hundred thousand . ‘P ‘

\M‘;;QFOUBG his data the followinq two quantities were,"'c

pT_ calculated-~?f-'_.:_j;:;FF?ﬁz:;?:f;'.p  C | v ¢

- 3 J . | o - f:? l, f =
\tr * o : :-',.:',‘J :
-‘7: “' | . . '
) o : ' C - : '}?. -
" ) ; Ty




?7ﬁf@i) Froude number (P"){- lpé/(p \ ‘pf)T[u’/gD]

;7}}fjfixii) Ratio‘between the depth and the median grain

rili:gi; size - D/Hd qrein Bize'EF;E?LEinF;;ﬂﬁif{‘Q?f?f (16) i?7f5

.".'e-._," . :.

ihfrln the present‘study most of theJProudg number values
r“TP") fell below the ran96 of Cooper s !1ume data.-.-rf""'*'“"

”*kaOnsequently the mnximum FtUPde number and'Depth/“d . ﬁJ& ??ffn7<"3Q

ST grain size valuea were used uhere-‘““ﬂ;:_,_ fjﬂf*“5f7 R

..

B e RN

1fyielding, from Cooper s (1970) empirical relatxons
'*-;;a maximum bed-material discharge concentratzon value .  ,“er5”: ¢},i:

a3y ~héftSEKiabedio&d‘aischdfée-rs obtained as the product i '

[ Lof the concentxation C ag aﬁa Ehe partisi rxﬁ"'f['_ﬂ 'f, . _k?“f,

. ) s . . - i LIRS
discharge. o - -“’;-gwi _ '

.‘As shown xn Fiqure 27, despite the fair amount. of - scatter,‘\
_ measured qravel discharges in the Preseﬂt StUdY Corresﬁﬂnd*
closely with those values predxcted by the Hollinqshead (1971)

' e - ./

- methodﬂ '




'ﬂh73 Sediment Sorting{ Transverse Bars i

1ﬁifjg*[. As mentioned previously. there is some Question about.ﬁ”?ifn'm

tﬁdthe actual sortihq proceesea involved on bar surfaces ‘ Most

0
a-

\‘_ -

ifbars aliqned parallel;to the current display marked downstream-3;17l'hl'

‘3;f1n1ng trends aa shown by R Smith in his Btudies of the'””

fgmickinc Horse River bars (% Smlth? 1974).f This fining trend
qdownstream may reflect (1) differential transport of various

.-fsize particles on the bar surface-'(Z) the.winnowing out of‘r'

finer seqlment fron upstream.areas, leaving a coarse lag
-.7layer in uostream parts of bars, or (3) a combination of both
:j.processes. ;%e;jfy.ﬁuf'i7ﬂ,¢:; '

fd‘u-j In order to obtain a better estimate of éediment d'

P

~

size distributions on bars, suxface sediment samples were..'-'

‘scraped ‘rom three foot aauare plots at upstream and downstreamf:if

-

portions of exposed relatively unmodified transverse bar "f;;Q_"

I
4

surfaces ‘ Bars were sampled on’ gravel flats of the chking

'.dorse River downstream\from the ?ield bridge with sunple- 'j‘ff

A'mentarv data obtaine

-

: Saﬂples were Sleved at full phi (¢) intervals for sieve:

from the Bath Creek outwash Elats.f

,';d14m8t0r6 qreater-than'—' (16 mm).i Sediments smaller than

“‘-49 (16 nm) were lumned toaether. It was thought that by
"looking only at the’ coerser particles, these wouldrbe.moret.
‘representative o‘ sinqle high flow deposits- ‘whereas the

finer particles couId have been deposited between the larger.
fgfains,during subsequent loa flows. . Cumulative frequency
N M '._ ] ! .y v - - . ‘ o

S _; ‘ S S

L




curves are shown in ?1qure 28 ‘fUpstream atations are quite

. coarse,.where an average of over 80! of. the sample occurs 1n

-
¥

fractxods greater thanr-4¢ (16 mm) 1 Do&nstream samples have ,ff\;'"

an avergge of GOt of the sedfment occurring in fractiongi:‘ﬁlﬁiﬁéﬁ.”ﬁfiifi
;{.creater than v4¢ (16 mm) iif?fltff;! ffi; .',31'[3 uff;.gLoﬁ%ii L

'uff.'L7n Gessler (1965) in hxs flume studies on the stabllity

r

-of gravel,channel}f’found that 1t was possible to %ftermine 3; '
—"Ehe probability °f movind 8 given size of sediment, given; L
'frgrain sxze distr;bution curves of laq and erosion sedxments ‘.lzii‘/qi;i‘f
7f31f it is assuned that the coarse upstream samples from the\ t;d'.“ R

: ;exoosed bars represent the distribution of lag deposxts on_f;f?

-&_aétive bars, g;d the downsﬁfeam samples from the exposed bars gﬂﬁf

ﬂfrepresent the eroded sediments frém the dxffuse sheets “hlch

?were tranSported as bar lobes, then probabllxties for move- -"l
iment of the grq%n sizes of sediment at upstream statxons on Ll

. “the active bars can be estimated - The followxng relatlon

'o}(GQSSIGI. 1965) was used to estimate ‘the probabilitv of not

-

.

fmovan the sediment at upstream stations._' |
il - " - i glag Pi lag‘ R DR 3 SR

L 9ale. ™ —= : B oo ary

' - ee;S§;9f' SIagAPL lag +-qbar9pi'bar S . o

.".'._‘:‘_

-uhere'. fﬁ,_-t ‘ '"-‘;.f{ o ;,. |
"glaq.. 45 3 lbs/three f°°t Square surface area '
"aoaf - 60 7 1bs/three}foot square surface areau_

feT ' 4 . . * i ’ . - . B . N "‘
‘ . . Lo . : e
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T?f}ecorded at upstream stations during periods of maximum bar R

[} - -

transport rates Two estimates were made‘Lf the probability

'}f of & given grain size klcalc) remaining’stationary, |
.corresponaing to maximum, minimum percentages.othhe given

grain size on the cumulative frequency curve envelopes

- (Figure 28) Results from this analysis show that\the upstreanl-
pebbles have an average probability of Qcalc 5:- 0 628 i

jﬁ?w(range-: 0 452 0 811) for remainihg stationary during periods | |

__*_T‘mbst active bar growth This analysis supports the idea that the -

downstream finino trend in the coarser tails of grain size BRI

v distribution curves may re 1ect the development of upstream 2:

;' lag qravei pavements during periods of~active”bar growth However.

o the overall downstream-fining trend 15 more probably attributable-i“.‘-

to both laq development in coarser tails and differential

transport of the finer sediments across bar surfaces.

oy . L - . . - . . X .~ . . SN ) .
. - . T - .o : . . TN

"4{_ Seoiment Sorting-' Diagonal Bars'

‘r

.&;“- Sorting of sediment on bars which parallel currents L

-

is somewhat understood However, the most coﬁgon baf“form
& in the outwash flats of this study region is the diagonal bar L

form, which migratesaobliquely to main current directions.

Sedinent sorting on these bars is npt understood Smith
( 974) stated that there were no obvious size sorttpg trends LT

diagonal bar surfaces. This aspect of‘therpresent study '

+ )

—— - k a




; 2was undertakengto examine in greater detail the sorting of .?

As w;th‘the transverse

"Zsedieents across diagonal bar surfaces'f

,' c":.-

bars surface samples were slraped rom three foot square ' _;i“'fifést
T'plots in unstrean and down tream sections of eqused

'lfreiatxvelj unmodl‘zed dia”onal bar surfaces | Only bars thh
. preserved rlf‘le narglns wcre»sampled Dimensxons of tpe f»ii)“;:e; fie

:Q,ten largest pebbles encountered 1n the surface samples were

measured f Slopes o‘ the bar surface were also measured e
between the upstream and downstream sample statlons .f y 51x

AR
dxagonal bars were exanxned 1n the outwash flats of the

ickxng Horse vaer 'oF Bath Creek and of the dorth Sasnatchewan‘l'““

i}ﬂ Results of tnxs study are plotted in Flgure 29 .The;;;{

v dxf‘erence in graxn size (A Graxn Slu&) is. the dxfference }nﬂvl; L

| . il

long axzs neasureﬂents of the ten largest pebbles between-_';‘:e

- .
PN

r_upstream~and downstrean sample statxons ?egatxve values of. L
T - L
& Graxn sze 1ndxcate that the narqinal sedzments are flner-
graxned than the upstream sedxments--posxtzve values of A

' - . -

f.,Graln sze xndxﬂate th t the nargxnal sedxnents are goarser-w

v

ralne than tne toqtreaﬁ ﬂerosxts. &s‘s!own in ure 29,

[ L‘T

the sortan trends on dxagonal bar surfaces seem to vary WLth
‘bar depositional slope. On bar surfaces with slopes less

. v . v \\\
thﬂn Q. 06 sediment fines downstrean- on 310pes approximate}y :

‘_eﬂual to 0 06 tﬁere is no di erence 1n qrazn sxze 1n down— o

\ .. ]

‘strean dxrections- on slopes greater than 0.06 there is a

‘:

B
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-Tdownstream coarsening trend iﬁﬁf“fif”'ii:‘ﬁgfgfpﬂn"

The relation between slope and sorting of sediment *]*:f*?“.“'

”Jon these bars can only be hypothesized as these data were T

obtained during inactive 1ow flow conditions._ Perbéps on .

5; bars with low slopes the sorting is similar to that on fiju

) transverse bars. Here(finer sedinent 18 wrnnowed out fron,”;‘.
‘ ;upstrean areas and carried downstream as” a diagonal ban form.
‘?Lpstream sediments would b:'mainly a lag pavement, resulting
iifin an overall downstream fining trend toward the bar riffleiig;
'.pnargin.‘ hith an increase in slope, perﬁaps there is an added

ﬁ;:nmentum contributed to the bed material 1n transport and

- ]almost all of the sediment is transported on bar surfaces

‘”*fwith slopes about 0 06 aars with higher slopes (greater ;TH\F

"than o 06) may start to behave as foreset margins where the L
“'.Coarser particles durtnq avalanche roll to the fodt of the

51090. resultinq in an inverse grading in downstream direction

-
EY

Vacross the bar surface.-

5. Conclusions j_ T S ‘i_' B

ﬁ_. Inherent difficulties in adequately sampling coarse

bedload material is a major obstacle to studies. of hydraulic
controls of bedload tranSport in gravel channels. qowever,
'despite the lack of good sampling procedures, general con-
clusions from ‘the' present study can be. drawn about flow

.conditionsuand gravel transport in shalloﬁ’(l 3 ft deep)

braided reaches. o [ B
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.V_sediment corresponding to the 35 gprcent

-

Bed roughness elements approximated by tgiesize of

grain size distribution are much lower'than those

‘ [

estimates obtained by other methods | Vikuradse
equivalent roughness elements (k )'obtained from ﬂ%

the logarithmic velocity 1aw for fully deVeloped

turbulent flow, equation (4) and from velocity

o 'profile data,-correspond to the size of the sedlment

f‘fﬁ7—“ dhrve;

c.-

in the 10 percentile of the grain size distribution

e

Hany of the basic relations of fluid flow do not

Yo

. ; apply in systems where bed roughness heights are

7 : 1arge in comparison with flow depths -
~;§J§J Field measurements of hydraulic conditions, bedloed

.proposed hvpothesis that bars are a result of

Asediment size and bar micration rates uphold the

-.reworkinq of original diffuse gravel sheets Finer,'

)

'ﬁﬂsedineht is vinnoued out of the poorly sorted

Lupstream deposits and tn&nsported downstream as a

‘.{.true bar form. Development of a gravel pavenent in

'1

" upstream sections during this winnowing process ‘
: limits the supply of bed material to the bar form )

.and, hence controls bar miaration rates. Rapid

rates of . increase in velocities in upstream sections

are reouired to disrupt the gravel pavement and expose

[ . - \ AR, | : . o

 of the-'"'




Rty

‘,?’

)

..For this reason maximum downstream migration rates,“

ﬁs(ﬁl:

A B L e ey
underlyinq finer @ediment to flows ca sble of

“-uinnowing it out from the coarser lag particles

- correlated with maximun rates ofdupstream velocity

increases.u_'

Computed gravel discharges across active transverse S

F-l

bars are., closely approximated by ‘the Hollingshead ::fw+:”

(1971) nethod—o‘ assessing bedload discharge in

[

gravel riqers

Sortlng of. sediment on transverse bar Surfaces seems -

-to support}the hvpothesis thqt the bars. are derived
from reworking of diffuse aravel sheets | -
Sorting o‘ sediment on diagonaﬁ bar surfaces is-

more complex and seems to correlate with bar

' oo ' "‘:"' o -‘;\.
: depositional,slope,_ ' :
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¢ ;. MODEL FOR PROXIMAL-DISTAL.STRATIFICATION ORIGINS %
Several workers have proposed sedimentary facies L

models for shallow meltweter fluvial gravel environments

Fhe

'_(HcDonald and Banen]ee, 197}*JBoothroyd, 1972; Rust 19724r-_ ;j; .

Clzfton, 1973).‘ The followinq features associated thh'the'

domxnant cravel facxes are thought to be characterxstlc of L

tﬂls cnvironnent-‘ fining—upward coarsening upwafd nlanar:f_ ' I

Ky

cross- stratxfied and massive gravels. Most of these hodels'

- =

have bcen based upon observations of surficial sediment - o
distributjons on- outwash flats durinq low. flow conditions.
-Few workers havc trzed to: correlate bar growth -and gravel

e transport pattorns on bar surfaces wlth these characterxstlc

P .
e -

features (. Smith 1972 1974). The following model is f - A ' ';“

*3
proposed for ori qins o"stratiflcation 1n—proximal and dlstal

e . f

r?aches of outwash flats, based upon the results of the - . . " .,

7]

present studv dealine\with channel braidan patterns (Chapter 3)

k] .

' and gravel transport on bars (Chaptér 4). j S o ;

e

All bars observed in the present study fine . dohn-_

stream. Upstrear sectlons ‘of bsrs ‘are charactetized by a o o

v o W L B . .‘_..,..‘/"!




xﬂ?coarse gravel lag pavement ,.In no: cases were these coarse‘”

“ .0
" 8 - e

1fpebb1es seen An transport over the downstream-mxgratlng‘

fﬂ;idbe sutfape. Durxng downstream mxgration of transvgrse‘

|r

ytoa: lobes, planar.cross—stratifxed gravels would b% d29051ted ’l5i.f?i7“

r. ; .

fl'n coarsor-qrazned channei deposxts._ Upon subsequgnt ‘Fﬁ*-‘“T? R R

v Al . st . .o
] oo St o . ..

fh}eworkinq o‘ transvcrse bar 1obes,,all vestiges of the cross-r-“
}]'stratifxcatzon may be destroyed leav1ng aﬂmassxve finef-f" | 3

+ -

;q:aincd bar deposit overrying the coarser—graxned cHannel

A . . .- N
[ P u

'"H;edimenty.. Verttcal deposxtlon on bar tops durlng wanxng

'owflohs could alho produce' inan upward trends Deposxts

:assocxated thh transverse bars would consist of predomxnantlv LT .;}g
"_*inan—upward qravcls,.wzth leﬁses of dross Stratlfled ' e

\ sehuences. -_;V .jl;_‘o?f 'ffii‘f}3lg'«j;jl7.j’fﬂ‘ S f';ll;_:.“f L

. _- oot Py .-_ . . . " e o] Lot . LR - R

“7;5”“:‘}: Pinan-upward trends gan also result frém the 1nf;111ng of .

secondany channels or pools b; laterally-mlqratxng longltudxnal

.' . |U PR R '

or point bar tyocs uhere qraxn sxzes 1ncreaso’1aterally from ,j: 37.,1;%

bar tops to the secondarv channels Vertical deposxtlon 1n .-.“ - ;_.f :}

» st - .o -

channels durlnn waning flows would also yleld finlnq upward
7.qrave1 secuences l;_ “'f}'_ﬁj._ ‘f;;7gﬁ fi"_~ J='f: .fz-f

L:-f; : ;f' Gravei sortzﬁg on d1agona1 bars depends upoﬁ the bar

o .

‘_—depositlonnl slopc. ;Bars thh 1ow slopes‘flne downstream, . ﬁ,_ K
whereoupstream dﬂposxt° ar% 1nterpreted as, a lag deposxt

-

Bars uith in;ermcdiate slopes show no obv10us’§ize sortlng..; ij o

Bars uith high slopes begzn,to behave as: avalamdpe foresets,,'

. . Y . " , .

where coarser particles accunulate at thc base of the foreset

- : : E ¢ e T s o e -
L - . P :

L
-
’
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.erqin.h,Upon 15:3!01 growth of these diagonal bars lnto':

L3

':;sorted and dxsplay 1ll—def1ned horrzontal beddxng are mostly i-fl=dﬁ}g

o wash sediments Gravel lags developed at upstream portlons
- of bars would probably he manifest as coarse pebble to.'

3-;cobble-sxze strxnaers 1n sectlon

':? They*may be a result of pool deposxtxon durlng stages

ad)acent secondary channels fining*upward or massxve gravels.

uould probably be deposited Strata—:o:ld be very 1ow angle
fd “°‘“°“°“Y beddede . EEIEETRE A
;;'rQSU1t °f high f1°” diffuse gravel Sheet dep051tlon Whlch driffﬁpn-}};‘fi.ﬂ?df?
has ﬁad llttle opportunxty Uf being reworked durlng subsequentiliﬂ i ;.ﬁ/;;-. -
<

lou flow conditions._ Massxve gravels whlch appear hetter ;f‘;f}f;:'

T S e sy

atttlbutable to extenszve—reworklng of bar and channel out- _:.'ﬁ_gg‘ij“

R I

,h.‘_‘-

“{°“?5' Coarsening-up sequences are dl‘flcult to account

o‘ lncrcasznc dxscnargee, where the sxze of sedxment 1eft

a8 .a lag in the convergence channels or pools 1ncreases as

B
Houever, Lt is more probable

in

\:He conpetence is increased

~ .

\that thh xncreasinq competence ‘former. finer-graxned "lags

\ . —

would be transported out of the convergence channels,‘ esultan

'Ln a\sxngle 1aver deposxt of coarse peobles or cobbles.\,%ost

zcoarse ina-up sequences reported from shallow hrarued grav R o
'deposxts may be only apparent where coarse gravels are .\
deposited on remnants of formerly deposxted fzner-grarned L L

.Sediments. Accompanying the coarse pebble depos1tion there o N )
' S . : ‘ ‘ _=
. .rj.

)

U

"
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2
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‘ .A... S T . I I r./':__:-‘.f,‘rl‘ K ST e T “ . .o R
'"ﬂwas probably erosxon of previous deposits but beEEusé\of\;ijfﬁ""

,r
.--

A

':?{impossxble to dxscern eroslonal Suxfaces }_f?['3P”ff7rf

In eoarse-grarned proxlmal reaches most of the

'”fditions v Gravel 15 transported as defuse qravel sheets,,v-T'

.one or two pebbles hzgh which dxsplay very little Sedlnent ;7,_g,

R o
3i§sort1ng and no Forese’t deveIOpment Because of the large

sfdxagonal bar forms qSedxments in- these proximal reaches ;?“\S17

‘:O‘ fining~upggrd and cross stratlfled gravels

‘F]size of sediment in these upstream reaches there is. very o

N,

ﬂixttle reworkxng of these diffuse sheet deposxts durlng

A

-j*'lower.‘lows._ In protectedhlgg_greas of the main channel

‘jthere is some reworkrng of sedimentxlnto predomxnantly\.i

would probably be poorly sorted gravels,iwlth mlnor amounts

R

In f1ner gra1ned downstream reaches sedlment 15?

‘i_rransported duran most of the warm sumner months.‘ There

.xs extensxve bar-development. Bars seem to 1n1t1ate as

' dx‘fuse gravel sheets durzng hlaher Flows . Subsequent

V-

’yreworkdnq of these ‘diffuse sheets vield true bar lcbes the‘

Lo:orpholog" of whxch dcpend upon local flow condltlons

»

.Diaqonal bars. with rlffle margzns and transverse oars thh

foreset nargins are ‘the most common types Dlstal outwash

A

- qravels uould be predominantly cross stratifled thh finlng—

'UP and ﬂassive low angle to horxzantally bedded sequences.

5§dtne coarse pebbly nature of these fluvial gravals 1t i hf;mr-":”"”

"*ﬂsediment is xn transPort only durinq‘hiqh flow flood con-fiwfe7f77fﬂ“

ey

*h




Pq.szqvnaxLI"v or- SlRATIFICATION IN. MODERN GUTVASH: DEPOSITS’f;l—.
ﬂ} NORTH sasnarcuswan'wrvLR ;5;?[

" INTRODUCTION AND PROCEDURE . . ffﬁ*ﬂ'ff':‘:i'?ffﬂ~!4€

7The cepriciousﬁnAture'offthé'rapidly'fluctuaéiﬁg?ﬁ7f7t‘

envlronnent of valley traln glac1al meltwater streaml makes

onc wonder 1f 1t ls at all possxble to- preserve recdgnlzable'ﬁx_kﬁ

ff'scdzrentan'features 1n such a settxng. “ost model# of

’jrshallou br51ded r1ver facles have been based upon Jedlment

dzstrxbu:xons on outaash surfaces thh very lzttle attentxon

';clven to the potential of such facles berng incorporated in.

t

‘tne aﬂcxent record Por thls reason the.oreservabllltv oF

«© , A -
- sedlmen*ur" ‘eatures assured to be characterlstlc of the .
- doulnan: cravel facxcs was estlmated by trench;ng exposed
fcravel flats of the uorth Saskatchedan River._ut, :

b5 S The study area'—as located ‘on the upper north

Saskatchewan River, about 5 miles uostream from the confluence

v .
[

'with the nlexandra Rlver (fiqure 2). This particular reach

has aell sulted for study as there were nany relatlvely
' ¢ : : L C
. . ' o ,

S

[




Q;&mmwdifxed bar and channel complexes An area ofdapproxxmately?v

P;135 000 scuare feet was mapped on the emergent flats Shalldw

aex

-n"_-k

5;ﬁpits (average deoth was 2 5 ft _ranqe-“ 1 5 4 0 ft) were dug

i

¥fﬁon a 50 foot grid pattern Detalled stratigraph1c sectrons

BTN

?déyere thqn meaﬁured in each trench 'rxhe followxng«ﬁedimentary

45-“"".'-' o -

v | LT B T

55h‘eatures were neasured (Flgure 30) fining-upward and

,4-.

't_apparent coarsenxna?ypward“ trends horxzontally and cross- L?d{.'

‘ffqedded qravels massxvc gravels thh matrlx and massxve
eravels wzthout natrzx (termed open-work gravels) Coarse'ﬁi-
lfﬂpebble or cobee strxncers were also noted termed coarse f:f[l‘ ;”“t""“
QR -

'1ag layers Percentages of varxous sedlmentary feature b

1n 5ect10n here calculated h*eal percentages of bar and—'

i+

7-channel eoverage on. the sur‘ace of the study area were ”;;\;“"tjf
"dctermxned; Connarlsons were then made between/the sur Lcialy

N depositxonal features and tvpes of stratiflcatxon seen in

"sectlon R ..,.(H R Sl .”’“': 4

'“arscnrstaﬁo‘orscussxos
The surfieial base map of the study area is sbown
in Figure 31 Despite the fact that thls uooer reach has a
hiqh slope (0. 0064) and larqe graxn size" (mean grain sxze‘= -4, 79)
(D Smith 1973) the bar-and channel forms resenble those

found in the midstream sectlon of the chkxnc Horse Rlver

i .-fa S S 2.’2

V.fifaf;_ : a |. rf_% ;“t r%&.i‘giﬁd-




r 308, . Coarsc¢-grained ."lag" layer as seen iR

.

" ‘open-work -.closed-work gravel sequences,” :. .

ong’

PRI e A

. Ruler is one foot 1
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_;5'(mean grain size - -4 BF, slope - 0 0034) This suggests
'that grain size of the bed material or discharge fluctuations7;:{‘~
"feiuhich is impossible to evaluate) have a moré pronounced pr- :'.ﬁgi,f?f S

o affect on braiding patterns than slope Because the braid ';i'f T

. /—

”-lpatterns are similar, stratification types preserved in this T:e':Lf{_t*“

study area uou&d be representative of those associated with
" s

Hintermediate to distal outwash arcas of the Kicking Horse

River where there is extensive barﬁiormation and reworking

of sediment in the warm summer months.f}
Surficial areal percentages show that in the North

'““Baskatchewan studv reach baxs comprise 0 085\ of the outwaSh_-‘,-__f._.ﬁ;
I\ R . . B .- . Q} - . . “‘

-area; convergence channels or pools account for 0 012%, and

‘;;ea)or channels comorise 0 085i' Reworked gravel flats of ; f?"{ .

\

' unknown orinin account for 99 32% of the surface area..‘rft

Stratigraphic sections are: given in Appendix 5 A

.

Sumnar} diagram of the main sedimentary features measured )

-in trenched sections is shown in Figure 32, Sedimentary | O T .
";Ieature percentages were. c&lculated separately for Plts that

'fell on. bar, channel or unknown areas., It was hoped that

" the diffepent subdhvironnents of the outwash plain could be o

distinquished on the .basis of features assoc;ated with the

" ‘gravel deposits Bars- displav lower percentaqes of finmg- ; ;

and coarseninq-up trends ‘and slightly more cross-bedded

gravels than the channeled areas. However, this analV918 is

not very accuratc beCause it is impossxble to. determine in
] . , g f ; o ST
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h?ﬁlurface bars and'channeis'gﬂd how much 13 relict“_

Jm:butvash plains, massive graVels comprise abput 50% of the :uff};ﬂi;fo”””ﬂ"

:?,doainant qravel sediment tvpe The remaining percentage is

N D e :

’Vgto thc extensive reworking of barqand—channel complexes 1“

7fa1most eaually composed of coarsgninq upwardu finingwupward '?{Glfy”ﬁ,.

-, +”

Totalepercentaqestof the entire re&ch (Figure 32)

>

indicate that in“modern coqrse-qrained intermediate to distal

"« A

gnd cross bedded*grayels, with minor andunts of horizontally
”bedded and open work gravels | The massxve-qravels dx3play w-i.l?fii“n

'*ill-defined horizontal bedding and are probably attributable i.”.ufdid_ =
. LR S RN SN

: outwash cnvironments. ;,Hf[W‘s“ Cf;'f:i ~h“ﬁ. ”}; I A
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f“iﬁévﬁﬂhni- A -PROPOSED. MODEL FOR GLACIALLY-conTébLLED

of bat formation and orxgins ofxstratxﬁicatlon have neen "

A BRAIDBD RIVER DEPOSITION

..‘.,‘._._ b _‘ ,{fi.,
-7 '.‘f‘: I q" Sl . o S .._.. R Ty
"'1'--:_?‘ o

',("\:

LY

squested : , B . o f .a'!

(). - 1r

ﬂe]very little stiment sortxng and no foreset develop—ﬂe

97‘ment decause of the larce sediment szze 1n proxlmaI,_,Q'

| {2y

B TR .
.. . T N -
S

In coarse-grqined proximal reaches gravel 15 maxnly

'ftranspo:ted as diffuse gravel sheets Awhxch dxsplay

3"

u_conditions and there 15 lxttle remoldlng of dlffuse

SN e

' sheets into true bar forms durxng lower discharge

A

'perxods.. Occasionally, true bars may develop

L I

through wlnnowan processes actzve xneprotected
aoo ]

-

- arcas thhin the channel system._-‘

N - R
'In £1ner-gra1ned medxal to distal reachee% sec(ment

' is transported during most “of - the warm summer

_months Extensxve bar aevelopment characterlzes

: these finLr outwash ‘lats. Dxagonal and transverse

.. bar types were the most common morphologxes observed

In. the present study, the followxng qeneral aspects- }_‘

: v i . - . At R M e
. : . L N . R B




iﬁf}i;in all the outwash systems examined in this study.t:lﬁﬁfaVSfof.‘,iq

\.. Tim

;%?i;;DePOsits associated with transverse bar miqration f*?fiﬁﬁﬁffﬁ“

ﬁﬁvould consist primarily q; fining-uPWard massive .’t'
~ffg;{9ravels uith a few lenses qt Planar cross stratified FR
‘:;Tﬂsequences,j Diaqonal bar deposits wo\EB show o "

'ff@fining-upward sequences or massive gravels with

e e “-.w"""

'lﬂlow anqle to horizontal beddi“?-fff:ja;'¥“

5'13):

_'ﬂas true bar lobe.' Upstream sections of bars are T

'sars develop from*pre-existing diffuse gravel sheet

'fdeposits where fine sediment is winnowed out of

.the poorly sorted upStream deposxts and transported

. %commonly characterized by coarse lag deposits.-.

f({i{

iIn modern medial to distal outwash plains, ma531ve_

"ffugraVels coaprise anout 50 percent of theiggMunant

o Qsediment type preserved in section. Remaining

: ;percentages are’ equally composed of fining-upward

lgand cross- stratified qravels with.minor amousts of

’ well- defined horizontaily bedded and open—work

"ffgravels. The dominant massive qravg}s diSplay an

.:‘ill defined horizontal oedding and are probably

o

' attributanle to extensive reworkinq of gravel flats-

in ¢°n£ined-outwash azeas, ;'ﬂ | o o : \@ |
BGCAuﬁk gravel bars are very transient features and

1

: : /.
rrarely survive successive daily discharge cycles, deposits




‘ftlcatxon.f Host of the sediﬂent woulc ue QUlte channellzed

"lner scdxwents w;tq lcnses of cross-stratlfled gravels

'L’535°°1°ted thn bars ”°U1d lack well deflned extensxve stratl—fiﬂ.'

avc a;massxve appearance and be characterxzed oy lentlcular

‘...,

'}jxddan.,- ars wnxcn xnxtxate 1n shallow nraxdea complexes,

“;eppear to orxgznate from teworkan of pre—esttxng dlffuse

_'- ’

,ravel sheec deposzts thhln ghe channel Consequently,

3coarsc grained gravel laqs would pass gradatlonally 1nto ::”i.;;f“‘

bs;rean bar laqs are aulte hard to clstanuxsh from adjacent

- 1
e

‘ehannel Sedxnents,_downstream uar sedlments are much flner—-:‘

f,g-azncd tnan deosts 1n thc channel

¥

quure 33 glves tvplcal stratzgraohxc columns wnlch

’

‘are thougnt to De assocxated wltn proxxmaL versus meclal dlstal

& .
reaches Coarse—qraxned p*oxlnal reacnes would consxst

A . N

.orimar11~ of naasiVe aoorlv sortea gravels derlveo fron dlfoSL‘

. . ¥

wrale shnet and cnaﬂnel uenosxtlon Few traces of cross—ﬁ"

beddznr ﬂaf D prescrved assocxaued “ith trqe bar formatlon
..“ '3

1.‘protccted areas - Downstrean flner gralned reaches would
.

have .a 'decrcase’ xﬁ’massxve gravels and a correSpondlng 1ncrease'

f‘“ Planar cross stratx‘xed sequences Sedlments woula also %

L

be bettcr SOrth - Channel and bar sed1ment5 could oe dxs-

finquished uncre downs:rear portxons of nars are auen flner«

Cut- and f;ll structures

grained tnan adjaccnt channelb

vould be evxdent, decauae or the many possxble orlglns of

fining-upward gravel sequences, no 51qn1chant trendb would

. - ) ) .
. . . : o .
- - .. . - . ) . . . .




. i‘_]hﬂ'ui'r": Cednsttaials v s

Cpeeewo

GHAIN DIAMETEB

ol

Ce

{ <smM.

_ Figure 37,

NN PLANAR CROSS-
LT \ N STRATIFICATION 0 ~

L4 T .

. Idealized sketch of stratification types’

Sections are approxlwately 3 ft thicx’
.(correspondan to sedimentary deposxtd
associated with onc supimer's flow)..
Horizontal scale is the same as Fiqure'lé.

-in Proximal versus Medial-Distal reacw;S.‘



-
e R A

\ Rt I

L e

F N T .

. R . L A .

- . sl T S et

RPN . e e e : B P ERR- N s

- - - o S S e - ey U

R A . . - ‘ s T, . o ot
M - - ‘ . CEC t LT . Lo

IR IR e i P - L e EE TSR S

' MEDIAL= DISTAU-fINER. GRAINED REACHES .~

. o ; "

: ' - ‘o

+ e . ) L
T L .

"'PROXIMAL COARSE GRAINED REACHES
./‘»- o ‘_-




oun-ash grnvcl 5ed1rcnt39would aid in paleogeographxc;f{fﬁlpj nﬁ-ﬂ*“ SR

'fbeﬁpxﬁrSOHs)wirh ofﬁaanLﬁﬁInﬁf5fs§ESST'::;PT

_the prcsent study indlcate tnaz these features have a 1ow LQ'

uxstalflocalxtxcs.‘ ﬂecoqnxtlon of tnese dlffcrences in

1nterna1 stratlfxcatxon types in coarse-grazned fluvxal Aﬁi5iﬁ”“'k

rLCOﬁstrdction ﬂ*iijﬁﬁ‘:tf‘?5fﬁ]feé;ﬁ3ffffﬁifu*fﬁi"ﬂf,°.331.T;f“

)

0

N Smith {1974} suggested zn his discussxon of the 57'

dxstinctxon between alacial neltwater and non-glacxally

controlled fluvial deposits that the presence of the follow;n o

‘eatures uould indxcate the rapxdly fluctuatlng flow condltlonf;

‘i;charactermstlc of glaciofluVLal env;ronments (l) teactlvatlon

. ‘--_
structu'ea{ (2) alternatinc ooen-work and matrzx fxlded gravel

5eqpence ‘(3) qraded qrowth lncrements in planar cross strata,
Aﬂd (4) qradeq sand sxlt laminatlons.. Hoaever, the results of

PrOanillty of veing 1ncorporated xnto the record of coarse-;'

- .

-.graincd outwash svstcms. The'bulk of conflned val}ey traxn

»

glaciofluvxal sedxments appears to be composed of massxve
a ..n ;

gravela uith 1i*t1e or no beddinc._

T o
'icw 3 3 The major distinction be;‘}en glacial meltwater and

-...‘ et

nonqlaczofluvial Systens is- in the periodzcity of dlscharqe _
JThe

N

fluctuations ooth systems have hxgh sprinq melt floods

qlaciofluvzal envi:onment is also characterized by daily summer

.




fﬂdiurnal fluctuations'In discharqe. which'constantly rework'

,ﬁnprevious bar—channel deposits.i Non meltwater rivers are sdngectﬂ,}
:E¥t° more 3porndic hioh rainfakl £lood1ng.: Both Systems Would Qi;}ﬁ:'
Tt:probably yield massiVe gravel depoaits which display Some T
‘?ferude horzzontal bedding and occasional sedimenta:y 9tructure§ ' iﬁ;:?:;t

. “acds nay be somewhat more lenticular in the qlacial envxron-

‘ﬁymenc shcre reworking of sediments is more frequent | However
A . r"‘ . ‘,: - 2
w;these distinctxons aze quite suotle and may not be recognlzable-;ri.iq*~

r
LI

;‘1in\$oarse qrained fluv1a1 deposits ;iii;_'a* | {d;'-’ﬁ;-g”3;3f"-‘fal
R Distinctions between theﬁgnvxronments may Qg\xn the:”'

"'associatxon o‘ melthatcr

T s

"Eflacustrxne in‘luenced d posits. In certaxn areas catastroghlc fef“V
‘ifxce dam laxe breaxouts (termed jbkulﬁlauog} flood assoclated
Hﬂﬁdllcy t{:ﬁp deposits._ Vcry little work has been done on _ ;_‘ﬁ

'kaulhlaup influeﬁsﬁairivers (Church 1972 Baker,'l973

"-Fahnestock and Bradley, 1973).* It 15 thought that a sudden

- surqc of hiqh ‘lood dlscharoes into the fluvial System would

7probab1y completely renooilxze the bed materxal and transport o ' :k

‘

thc bulk of. sedinent-as ‘bar aorms qapld d°“"5trea“ nigratlon- ’ P

oof ba; aould probably res;lt in extensive planar cross-. o ..'t U

stratifio seouence ‘{rahncatO"? «nd Jradlev 1973: Baker,

‘1973) wer norﬂal sunner neltwater flows tould be

L

' incapable of rcworkinq the catastrophic flood deposits and -
ted with the

e

‘uthebpxtensive planag, cross-stratlfication associa

“ejbkulhlaup rob11 d bar ‘orms would even*ually be incoroorated

¥




o

'fﬁ;nto the 5cdincntary racord Associated jdkulhlaup featuresm

.ﬂ%uould also iZflude huge scour pockcts. ice roated dcbrxs and '.'tﬂ~;¥ﬁfﬂf

'"fperhans feat res associated with purled ice debris ,jThé,ﬁj;f*f{f{EQ el

L] - . N v :

k:otcurrcnce o‘ thcse structures in coarse-grained fluvxal

‘Cfsedxnents uould 5u9923t glaczally controlled flow conditiqns 'u;{ﬂ._
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