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: ~ABSTRACT * L - i %
At*s -bend and confluence of the Nottawasaga Rivet. e ‘

Sixty-four mgasuremenis of flow velocities were recorded at
points along vertical profiles regularly spaced across a series : -
of- cross-sections. " From the summarization of the data into a

‘three dimensional’ diagram, the current velocity patterns in the

o

river }each were evident. Q
A; observed at low disénarge tevels, the low speeds and
'd1ré£t1onal uniformity of fhe flow n the Nottawas;ga River
enEerTng the study reach suggests that the observgd aéymhetrical
‘channel was ay}emnant of higher d1séharge levels. On tﬁe other
,Qﬁnd, in the Pine River prior to éntrance iﬁto the“confluencé,'
vcﬁannel morbhblogy was being 1nfluenéed by much higher'flow
speeds in comblnatloﬁ with two cells of contra-rotating
helicoidal flow.. Aciive dunes ‘and ripp]es wére observéd‘
migrating afong the aSymmetricéfly shaped channel bottom. The -
erostonal and depositional pattern of the tributary 5ugg§sts thgt
the P1neERiver mouth was slowly m1g?at1hg upstream, “
The fusion of thé waters‘ét the coﬁf&ugnce resulted in. very -
cp@plex fl&? patterns. In the waters ente;Jng from the
tributary, the presence of a heiicoidai flow cell appeared to be
céu51ng a 1argé bar to built afong the bank immediately
downstream from the Pine River mou£h. Across fhe chahnel, thé
deflection of the Nottéwasaga Rtver flow was cauéiné erosion.of
the opposite bank. ) B I ) .“//7

Downstream at the riffle area. flow 1n the Nottawasaga River

accelerated as channel morphology became almost symmetrical.:

» o,
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Around the bend, the development of a high speed-filament abd“

i

helicoidal flow &elt were reflected by the asymﬁetricalrchannel

"and the erosional and deposit1onal pattern‘h]ong the banks A .

*

large eroded frea in the bank suggested that a prox1mal reverse

0

c1rcu1at1on observed in the flow pattern along the outside of the

-

_channel was capable of causing erosion dur1ng hlgh d1schargev
;_ - levelé The overa}l ve1oc1ty pattern observed. at the bend becamev‘

much less intense as flow entered a deep poo)- that was s1tuated
-

+
»

n the downstream sectron of the‘studyureach

!’ . ' Paleocurrent measuﬂements of'rlpple marks on the povnt bar'

& .
at the bend.and small ‘side’ bars 1mmed1ate]y downstredm. gave an

¢
tndtcat1on of - f]ow patterns occurr1ng a]ong ‘the inner bank of the

at high d1scharge‘levels TheSe measurements showedvthat a large
) reverse. c1rcu]at1on exlsts along the 1nner bank caus1ng sceurlng

of the downstream end of the po1nt bar
12

Excavat1ons into the slumped area oppos1te the po1nt bar

revealed numereus sedxmentary structures.‘ Amongst these

structures was evxdence of p01nt bar accretﬁon. upstream

migration of the tr1butary. a channel cut'wff _and vert1ca]

<«

accretvon dep051ts on the f]oodp]aln..
- i L

s,
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. A,

. ifferent  aspects studied are flow patterns. bedform L .

+

‘~“féng1neers.‘many aspects of river meanders remain unknown.

.

ﬁmtﬁafong the bed. The following paragraphs are a review of

NIRG CTION

. . - B s
- &

c. De§p1te;1ong'iérﬁ 1htenést»ffom geomorpho1og%§t$ and L .

. . Py R © s L

Within the last ten years or so:~research concerning flow 1n
Tivers has shifted from flume research to'natural rivers. - S

oL o ) . . v .

- While mu&h has been learned from'flumehresearch flow - ‘ i

' céndltldﬁs in a f1ume are not reproduct1ons of natural flow .
‘conditions In a naturai rtver the chanriel. wrdth and depth

_are much larger than lﬂ a flume Also channel geometry 15 S T
much more complex Cohcern1ng the flow itself, 1n the. C 4'.:‘ : - coen

natural river, secondary c1rculat1on pattern; and complex * . w .
“ ) Toe e, i & ”
turbulence make: the flow mugh more complicated. ) ’ -

.

The}receht;dévelppmeﬁf of'e]ectromagné§1c current , LT
ve?ocitijeteés now a11qws‘for'5eta;iéd f1eaé research Ehat“ - ' " i’ e
1n the pasf couié’not~h§ve beén pégctifa{}y done. fhué.‘ N o
stﬁ&1es have emerged- in-the {iterature thgt\have(anglyséd'

JifferentdfacgtS of ‘natural rivers and streams, Among the - - T

s ..

) pattérn§ﬁand ﬁorphp]ogy.'an¢ sediment- s1ze distribution . - - ¢ ) .
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>

known that a spiral or helicoidal flow pattern becomes

r . . -7 62

much of.the recent Titerature related to flows in natural

rivers. - \ o ’
. . v' ] . o . - : ’ '{
- Review of Literature
s . . &
. ’a,Froh,laboratory'and field observations 1t has iong beer

-8

generated as’a.river passes through a meander (e.g. Thomson. -
1876)." In the literature two contrasting theor'ies
cdncerﬁ{ng‘théJspatiaJ distribution of he1lgoida1 flow

exist: Wilson (1973) theor ized that at each meander apex. a

single heliX exists. This helix extends downstream fromgthe '

2

bend at.which it was generated. iito the siccessive meander.

A]pné‘the”outef bank of the successive meander. it becomes
O , wan ‘ ‘

>

" gradually pinched out by a locally generated coqtré-rota;ingi

lhq1ix“that.hasfdeveloped in response to -the opbos1te .

cdrvature of this bend. At the apex of this successive
« - L3 E ™ .

{bend. the locally. generated hélix exists as a single cell-

" At the inflexion point ‘of the meanders, the two helices

. along the river.

. of helicoidal t]ow fs-thertéin serél sf;tem 5?'Héy and L.

-

L

< 2

co-exist. with the surface waters of the cells converging.

This pattern is repeated from meander to meander downstream

*
L - B -

K -

The secand thebry dongernin@'the sgaiia1 distribution
. s A .

'

PO
»

T e
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Cat i . - - ¢

Thgrne lQ”S)\ T‘nev thecrwed thdt ah:mq u)%mdermg river

two helices wgll co-exiit contmuouslv from one-bend to

another. At the meander apices, the larger ihner helix ,
rotatesin the ‘expected’ manner, while the outer helix-
Jotates um the oppos 1te direction. Th;:' c}fn;fergenpe of the
two cells at the bed of the chanr;el~ was expected to cause -
cour ing, gc_couhtmg for the ‘pres‘énceu of a pool at 'the‘ '
meander apﬁces“ of E1‘\;ers. At the mf“ieh‘_on“pgﬁi;wﬁ the

>

rotation of the 'Fwo‘cells s bpposite, so that the bottom

:&rénts converge caf,nsing a depos, “wnh of sediment on the
bed. This deposition of sedlr‘rgent was thought to 'g"l’ve rise

to the shallow area of the c‘h}nnel. ubet\vveén‘ beﬁdsgwknown as
N Lol |

R

a riffle

chh ‘theory 1s correcf has been d1f‘f1cu1t to e:stabvhsh*

as Lon{radlctmq evidence can be fmmd in-the 11terature

Jackson (1975}, Hickin {19784, ‘and’ 8r1dge and Jd[‘V'IS (1980)
at mevé\nder apices ufor exa;n“p“le have dH obServed smg e celT
hehcmdal f‘]ow while Bdthurst et al. (19‘7?) have observed
two cells. Bathurst et al. cons;dered that hbe observed
outer hehx had peen locally generated at the r“iver bend.

Conversely, 11 a f’lume studv, Toebes and uookv 41%7) also

e

sbserved two cell helicoidal flow. but they found that the -

outer cell was an extension of the(‘heh'x that had been

AN

"

A



generated at the upstfeam meander . It must be noted that
the s1ze of the outer cell in relation to‘the
cross-sect1onai area of the stream was very small. At
anflexion points of rivers,. Jackson (1975}, Hickin (1978),
Thorne and Hey {1979), and Bridge and‘Jarv1§ {1982) a]lv
report observing two cell helical flow. Thorne andeey. and
Bridge and Jarvis, both attribute the convergence of the "
- bottom currents to -the development of a mid-channel ridge.
Tnteréstlﬁély.,Hick%n (1978) does mention that two - or
multwble - ¢ell circulatian can d;ve1op in shgllo@. wide
channeis Wherg tocal vartations 1n shear stress occur around
submergedibais.,
“Many other 1hpor£§nt'a££r1butes concerning natural o

‘_riyersnhavé been observed throughout the laterature. Hickin

: (£?78) dnalysed mean f-low characteristics through a

9c0nt1nhous series of ﬁeanéers af the Squamish River and
1dent1f1ed\like1y'hydrau1rc controls of lateral channel
migrat1oﬁ“ By dha1ys{ng reéulér]x spaced cross-sectional
brof}?es; he éxam1ned~such pafamete}s as dﬁwnstreamuand
cross~stream‘véiod1ties. secondary circulation strength and
drrect{on‘ meén bopﬁdaéy sheér stress and flow resistance.

In this study Hickin observed that in sharply curved

méanders the hiéh velocity filament of flow was located



_ towards the center of the channel rather than proximal to

the outer bank where it 15 normally expected. This
occurrence 1s thought to Timit the outward migration of a -
mednder.vd control that, from river modelling was previously
unknown . V

Dietrich et al~ (1979) anglysed bed load tragspokt,and
dune or‘ientation around a mednder of Muddy/Cfeek, n
Wyoming. They found that the area of m&x1mum bedload

transport corresponded. to the calculated pattern of max imum

boundary shear|stressX  The particle size distribution of

the bed could also be correlated to the Qoundary shear
stress distribution. with iaréer size fractibns be1ngﬂ
located 1n the areasJof high shear stress. and tﬁe”smalierm
size fractions being located in the areas of low éhgaﬁ

stress. Dune orientation was not dependent on the secondary

circulation but on the location of the area of hirgh boundary

shear stress. The area of high boundary shear stress caused -

the section of the dune it was flowing over to move more
qapadly than the extremities. . Since the area of maximum
boundary shear stress shafts Trom ﬂ%e,1n51de bank at -the
upstream sectron of the meander, to eventually the outside

bank. different sections of a dune will move more rapidly

according to the location si\ghe dune with respect to



: p

loc’atlon of maximum boundary shear stress. The‘net resd]t
1s that the or1entdt1on of the dune becomes distorted as the

dune m1grates around the meander ) =

Jackson (1975. 1976} and Bridge and Jarvis (1976, 1977, '

-1982). conducted detailed studies on flow patterns. bedforms
aund bedzsegimentsf. Jackson {1975) obser‘vved \/efocit_v"
patterns, sediment size and bedform distributiens n four
meanders of* the Wabash Rrver. I'l11ino1s, with diffgrenf
d1schatigé levels. He- documentecf “héw the pattern of flow

around the bend became modified n response to large changes

in dlscharge “~Sechent $1ze and bedferm d1str1but10n were

.also found tos be sensxtwe to the flow conmtmps.. Taking a -

more dgtéﬂed look at bedforns. Jackson (1976) Tooked at the -

morphology. hydrauhc and morphologic relatwnshlps
hydrodvnamm regime and stratzﬁacatiﬁ of & number of
. different types of bedforms. - H1s study addeq 1nsight as to

whether bedforms Tike -scroll bars,” sand waves. and

*

transverse bars- are larger scale versions of dunes. Based

on hydrauli¢ CharacterTsmchJacksbn con“c’luded they were

~different.. He also found that by separatlng 1agged bedforms -

from unlagged the stab1]1ty fields for smaH sr:ale r1pples
dunes. and the lower plane bed can be 1dept1f1ed on depth,
q\)élocity and sediment s1ze charts és Southard (1971) had'



S - b : 7

)f,‘

done with flume data. .
VBridgé‘and Jarvis 1n-a series of papers examined in
detail many }acats o%~a bend—a]ongptheARiver South Esk,

7‘ Scotland. In Bridge and Jarvis (1976) various
chsracterlstics of flow hydraulics and sedimentation along a
ﬁeander were tested against theoretical and laboratory “
eduaﬁlbns and models. Flow resistance was found tonlncreqsé
with larger sized bedformﬁ due to fd}m drag. the sphral f low

- pattern Qas~§éserved to develop quicker in thé meander_wifh

lower d1schargés. and the stope of the water surface around
the bend was found {0 be irregular. Bedforms were d1scus;ed
rnrrelat10n5h1b to flow res1st;n£e and sediment size. F;cm
thé same @ata; the‘ﬁ977 paper meafured vertical igloc1ty .
‘pr§f15es and resistance toefficients for'gédforms ranglng'
o from Tower gtége plane bed. ripp]e; to-duﬁe;i ar{dge and
‘ Jarvis 619820159a1n'e§am1ned river flow and 39d1m?nt_ ' -
- movement 1n Ee1§t1onvto hydraulic models. Fﬂow was studied
By Qéasurmng‘velbc]ty‘distr}butaon.;se%ondary circulations

- ) . - \‘ - - .
and water surface varlations. Bedform§sedimen¢ transport

&

rates were also méésyred. Bedform daté was plotted on
. R ) | oy
O L. depth, velocity and sediment size diagrams. :Addﬁtioha41y,

data on dunes was plotted on diagrams of water depth to dune

hetght. and water depth to dUné'1ength.‘ The depth. veloc1tiﬂ et



and sgdiment size diagrams appeared to show good correlat ion

% laboratory data despite the much greater depths of the
. - o

natural river. However, the depth to dune 1quth: and depth

to dune height graphs showed a lot of scatter. Unlike
Dietr1éh et. al. (1979}, the 1ocat1on.of the highest area éf
sediment transpdrt did not correspond to the area of h1ghest
bed shear stress. Br1ége and Jarv1s explained the

.discrepancy by pointing out that the rate of sediment

—~z

transport varied with sediment grain size and not just with

bed shear. Thus the;hig@est area of bed Shear stress may be

eccurring over a coarse textured area where little trénSpért e

of sediﬁent~§as occurfing In all three papers. the
=d1fferent featurés of the bend were compared to models N
and/or 1aboratnry studles No attempt was made to :
synthesgze the observations o% tﬁe different bend

. components, for ek;mp1e sbétial dwstribufvon of bed
sediments to the current veloc1ty pattern '

" These papers clearly show that study of natura] r1vers
and streams TS feas1ble Yet, in each of those papers the
'rlver Cross- sections were ana1ysed two- d1mensaona11y w1thout
the threetdvmeqs1pnal aspect of flow being tru]y‘ ‘
Arécqné%rbcted.‘ Aithough:Jacksbn ti975)v&ddv€11usxrate.the |

~ pear-pottom ve{ocit1e5<1n comparison to the surface

-
-

¥



velocities (1n his Figs. 3, 4. 5 and 6).
¢
biectives of 5

The objectives of this study weré to obtain a petter
understanding of th:1ﬂew and sedimentaf? processes
‘ bccurring in and along a river confluence and bend. ~Ther
study involved conductiné very detailed meaSuremeﬁtg of flow
ve}ocit1e$-ddr1ng Tow discharge levels for the purﬁ;se of
éonstructihg a 'three-dwmensional' depiction of flow. From
this. diagram. charqctérist1cs and patterns within the'flpg
will become apparent, proyjding informaf1on onithe‘oﬁserved
morphology of the civer reacﬁ. .During the’unégrtakjng of
the field rese@rcﬁ for this thesis, 1t was teaL1zé6 that the
paleocurrent direction of ripp]e~ﬁarks—foynd on the exposed
“bgﬁs afoﬁg the river bank$ could be used ?6 produce an -
estihate,gf‘the pattern of flow oqburr{ngvat B1gﬁ¢n~
diécha;ges., This estimate was used to 5u§plemen£ thetflo@
diagram to get a better‘understan&jng’Of ptoéésses wh?ch
were qot appaféht from the anaiysis of'the low d1scharge
f]ow‘pgttern, but whicb have 1anuénced‘the observed
-mo?pho1ogy of the river along the study reach'af B]ghér )
%tages. Thg origin of exposed sedwments along a section of .

|
the left bank was also interpreted.
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10

'Study Site

The Study"site'of this thesis was 1okété§ in the
dra1nage basin of the thtawasaga River. The thtawasaba
Rrver drainage basin 1s- 1ocated mn Southern Ontario Just to
the west of Lake S1mcoe. draining 1n§o ;he southeastern
corner oflﬁeorg}an ﬁay_(Fig. 1). Thg‘actua1 study site was

1océted just to the northeast of the town of Angus, Ontario

(Fig. 2). The site can be located on the NTS map 31 O/5

entitled 'Barrie’' at gr1d‘referenge 898092. This location

is on the Camp Borden Sand Plains., just upstream of the

. Minesing Swamp (Chapman and Putnam. I§66). 1n %h1s area,

Lapu 3

T .

‘consisted of generally sand sized material.

the banks of the river weré four meters.high, The

L4

o floodplain of the river was 1nd15t1ngu1shab1e frem the flat

topography of the sand p1a1n The bed of. the river |

The river reach that constituted the study aféa of iﬁe

thes1s cons1sted of a s1ngle asymmetr1cal meander that
included’, at- the upstream end. the junction of a major
tr1butary the P1ne River (Faig. " 3).- The river banks of the
study site were designated left and right with respect to

the flow direction of the Nottawasaga R1ver

4 8
. .

—
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Fig. .2 Map of Nottawasaga Drainage Basin showing the main
river and major tributaries. - The study reach was located
near Angus, Ontario. L, . “
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A1ong the rlght side nf the meander. (F1g 3) the riVer

. bank opp051te to the P1ne Rlver _was very steep and covered ’

- e voe

w1th vegetatlon in the form of grass dnd sapl1ngs -

- -

Downstream of the steep $lope-the bank became more gently Y
.sloped and changed g‘&o'a iarge pOlnt bar. The 901nt bar

- terminated abrupt]y in a scarp at its downstream end The

remainder of the r1ght bank con51sted of two smal1 s1de

. - o h@rﬁbr Dowhstream of the _second side bar. Just outside the '

-

study area was a sma11 1og jam.

] At the upstream end of the study area along the left
bank (F1g *3). aqaarge bar hag formed immediately dawnstream

of the mﬁuth “of the P1ne R1ver Just downstream of th1s

tonfluence was a major depre551on in the-river bank. - This

Ty

aepreSSﬂOn Ied back to the Pine Rlver. suggesting ItS

probable or kgim was 51m11ar to that of a meander cut-off

- h Th1s cut off was’ composed of a channel* “and a bench that
was located along 1ts north side. At the Fiver bank, the

- he1ght'of the cut-off ,above the low water tevel of the’

Nottawasaga river was approx1mately half a metre. " Ths

- ~

he1ght ingreased gradua]]y w1tp a grgater d1stancg freom the - »
\ ’ - .
river bank. At hwgher stages of discharge., the cut-off

- - " ' i . he -~
. y§> . ‘
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would be bccupied'by”wa}cer,' only to be abandoned, as flow .-

waned. . . : ) “ S ) h oo . b

¢

D'vSf\«wnstream of .the "o‘é:iression to approxim:i,e_ly opposite
the terminus of the point bar. the left bank was composed of

areas of freshiy expos_‘ed slopes and slumped mater;ial, and
_smmilar areas that had been stabilized by herbaceeus

vegetation. Within this area of‘ the b{ank ‘were two {:lgjht

o

4 T, - ' .
depresw’nntp the f]oodplam— surface. The remainder of

thé left bank was V’iéry steep and 'mare.vegetated{not untike

ihg' section -of the r‘ight bank opposite the Pine River.
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graphic divisions within each area are also shown.
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- " Simcoe Lowlands ™
) SOURCE: Moditied from Chapman Pixin-m, (1966)
Fig. 4 Map of Simcoe Uplands an®l Lowlands. The physi}om



ice formed the g1acHa1 features (tilivplawns. drumting., moraines

e e e e e e e = -

L - 18 : ¢

garlier ice movement of Early or pre-Wiscensinan origin iTayler,

- 1908; Chapman and Putnam. 19661. Thesejfeatures were then
Pk 9

modified during the later glacial stage. In the case of the

Simcoe Uplands, modification resd1teé&;EE§ﬁéEFﬁng an& deposition
of 1111 on the ridge surfaces. the ridge slopes were steepened.

and the valleys broadened {Tavior. IQUB: Deane. 1950).

b .
D1sc0nt1nuouslv along the edge of tge ridges, kame moraines were

g

‘formed from glacial meltwaters. ~Today the Simcoe Uplands can be

seen as a series of broad. curved. steep-sided.ridges separated

by wide, flat valleys (Chapman and Putnam.A1966)‘ As the Oro and

Edenvale mggg%pes have been eroded bv the ice sheets they became

~~an

rather s&%tle features in the present day landscape. An
alternative explanat1on of the orsgin of the Oro mora%ne 15 that’
1t formed between two lobes of the main Wisconsinan ice sheet

fChapman and Putnam. 1966, - ,

‘Maximum Wisconsinan Advance Durﬁng the maximum advance of the

Wisconsinan glaciatlon the Nottawasagd dralnaqe basin was

ent1re1v covered by 1ce uDurlng th1s g]dc1a1 stage the Northern

Lobe of 1ce which occupied. the dra1nage baSIn formed term1nd1 and

kame moraines upon and aga1nst the Niagara.eSEarpment (F)g. 51.

This resulted n pre-glacial valleys cut into the escarpment

T e

being f11led with drift] much of which would be later eroded bv

\

streams and deposited in Lake.Algonquin once the 1ce had

retra&%ed-(ﬂeanei 1950 . The advance(s: of the‘Nofphérn Lobe of

found within the drainage basin, aside from thgse features

’ N
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already identified as-having a possible aliergétlye~or191n:.
The merging of the Northern ste and tﬁe Southern Lobg .
(or1ginating out of the Lake Ontario basin) resulted in the
forming of the éxten51ve Oak Ridges kamélmoraéne‘ A portien of
this moraine lres within the Séuthern sectlon?of the drainage
basin.d ~ v

.

Lake §;homb§rg Shight retreat of the Northern Lobe from 1ts

- *

'maxlmum position resulted n & narrow marglna1 -Take belng formed'

between the ice front and the 0ak Ridges mordwne This lake.

. _known.as, Lake Sch&&berg was probab1y short- }1ved since no

recognizab]e shoreline featuges have been found (Deane. 1959).“
Evidence of 1ts existence can Qe found in-the form of varved
élays, wh1chimake up“thq clay plain in‘the southern section of
the‘dra;nsge basin (F1Q.JS). Thig q};y plain has been referred
io.as thé'Schomberg ClaV Plain -(Chapman Snd Putn;m: 1966&. Laké
Schpmberg was contemporaneous ‘with the early Lake A]gonqu1n h

which occupled the southern end of the Lake. Huron basin (Chapman

" a@d Putnam. 1966).

The Schomberg Clay Plain has an undulat1ng topographv
because the underlying gIaCIal drift 1s 1n the form of drumlins.,

ti11 fldges and hills of ground moraine {Deane. 1950). Some of

4

these gTac1a1 features are prom1nent enough that drlft protrudes

above the varved clay 1ayers

K1rkT1eld‘0ut1et;v The existence of Lake Schomberg was

terminated by the rapid retreat of the géﬁthern Lobe out of the



e

Nottawa§€ga.utéké Simcoe, and sduthern Georgian Bay basins. Th1s

retréﬁ% 1n£i§mb1;at10n w1th the depre531on of .the. land surface,
resulted in the.expansion of the waters of glacial. Lake
Algonguin. In the area of the Nottaw‘;\sagandramag'ehas‘m~~ thié
resulted 1nwthe'§ubmergencé of the area‘knéwn as_the Simcoe
“L0Q1ands (f?g. 4). The Siméoe Eowlands 1pc1udé a:1a;ge portion
‘of the central Nottawasagé~draahage basin, as welﬁ gs“the Lakek
.Simcoe basin (Chapman and Putnam, f966

The initial water Tevel of Lake Algonqu1n 16 the area 15
Vthought to have been h1gher than theslater Jevel whlch formed a
very prom1nent ‘main’ Lake Algonquin shoreliné (Chapman and
Putnam. 1966 )- Possible evidence of fM1s‘eak1y'1ake ]e&el'haé
been found in the fo}m;of tbeach? ) r1dge§¥1n‘the Simcoe basin
~(6eane. 1950)." Th1£ initial 1akeélevel'would have existed * .
br1efly as the raé1dl§ retreat1ng 1ce uncovered the erkf1eld
{Leverett and Tay]or 1915) or Fenelon Falls outlet: This

¥

_outlet, 1ocated on the eastern side of, Lake Simgoe. allowed the
10J;r1ng(of the Iéke lével as water was discharged through
K1rkf1eld Fene}on Falls.. and the Kawartha Lakes chaTn 1hto _

: glac;al Lake Irqquost D1scharge through the K1rkf1e1d out]et
led to sucﬁ extén§1ye lowering of Lake A]gonquan ihat-southerpi
out tets Ioéated at POE£ Huroﬁ and Chicagd weréuent1re1y cut of f l

-

from outf1ow of water (Leverett and Taylor. 1915). TPdssib]e
4“shore11ne ev1dence of this edrlv stage of Lake Algonqu1n has been
found 1n the form qf impounded’ beach spits at Sucker Creek,

near Méa%ord.?Ontar1o’(Stan}ey. 1938).-

N
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+"Lake Aigéngu1 burnné the Valders glacial substage of .
approxlmately 11 200-11.000 years b.p. (Hough. 1963: Karrow et
‘aL., 1975) the K1rkf1e1d outlet was again covered by the - *
Northern Lobe. ThlS causkd the ra1s1ng of the water level of
.ltake Algonquin so that the Port Huron and possibly the Chicago
outiéts,became ;gtlvg onceJﬁbre. The extent of this re-advance
‘of the:NorthernhLobe in the geneéa] Lake Simcoe area is not
known, because no“feﬁniné1 méréine'wés‘bu1]t This 1éck of’
termlnal mordine suggests that the re- advance was brief (Karrow -
et gl.gv19?5):.however. the Dummer morglne Esszﬁf*bakg"51m60e
o hapmén'énd~Putnam. 1966) is.thodght,to be a recessional moraine
‘5T this advante'{Ueéﬁeg 195d)1 , R R
The Kirkf{e1d'tut1;t was again refépgned wjth_the suh;ahuent
retreat of the Northérn Lobe. In thé/tlmg per1§dlthét;had

elapsed during the re-advance and retreat of the 1ce. 1sostq§1c

rebound had/raisea_thé outlet to such-an extent that the. lake

.

leve1'noh1onger dropped to its earlier 1e§e1_when discharge was

“cut'off to the southern outlets. This segment of LaKe Algongquin

_ﬁ,;:story has been;referréd tp ;s the ‘two;out1ét3 stage in ’ .

. refetence-to drainage out of the Kirkfield énd Port” Huron
outlets. a]though it also seems thét discharge may pa?q occurred’
out of the Chicago outlet as well “(Leverett and Tgylo;.71915:

* Hough, 1963). '. ’

During this two-outlet stage. the water level of Lake
Algonguin was at~wh?t 15 recognized as$ the ‘main’ &ake ttage.

During the ma1n‘Lake‘A]gonqu1n‘stage the water level remained at
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‘ a relatively stable height of 605 feet a:s.l. {Goldthwait, 1910},
wh{le a very prominent shoreline 6f bluffs. -boulder beaches and
5§1té was formed. These features weré observed 1n the eastern

;sectidﬁ'of the‘NoptaWasaéa drainagé basin along the slopes o(\the

. .

. - & - . . -
-Simcoe Uplands tﬂgt were exposed to wave action (Fig. 4). The

Lake Algonqu1n shoreline, és wé11 as succeeding shorelinés“wou1d
be gradually uplifted above its or1g1na1 he1ghb through xsostatuﬁ
rebound The rate of rebound 1n the Beorg1an Bay area as a whole
.1ncreased n a northeastern dlrect1on from a h1nge 1}ne 1ocated
at approxlmataﬂy Grand ﬂend Ontario (Goldthwa1t 191079. The net t
result of this up11ft is that ‘the Lake A1gonqu1n beaches can be
found at a much h1gher altitude than that at which they formed.
wThus in the NottaWasaga draﬁnage b351n tﬁese béachés can be
rfound located relat1ve]y far 1n1and of the present Georglan Bay

shareline.

v

the level of Fake é{gonthﬁ remagned fe]atiy§1y:§tabie unflg
3pbrog1mate]y 10.400 years b.p. {Hough. 1963: Karrow et al.., , -
1975). Furthgr retreat of the 1ce~northward§ be@an to expose a
«se}les of new 1oyeF out?ets in the L?ke Nipissing aréa‘c?us1ng{
the water level of Lake Algonquin to slowly recede. ‘Shoitltégm)
ha]té“%n the rece%s1oﬁ of thé;1aké regdifgd'1n the f&?mation of .
much less prominent beaches. bé1éw the ﬁéiﬁ Lake’Aﬁg&hquin beécﬁ.’
These 1ower beaches have been d1v1ded 1nto two “groups: the'Upper«
qnd Lower A]gonqu1n beaches (Stantey 1936, 1937). - ’

' The'UpperEAlgoﬁqpiﬁ beaches éongist of the Ardea. Upper

Ori1l1lia, and‘the Lower Or1111a beaches (Deare. 1950). and are

- A R
> .
2 R - <
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1acatéd'1n ¢lose proximity to the ma1nvAlgonquin beach “The

’
. . y’ ) R : P
Upper 0r1]11a beach 1S thought to correspond to the f1na1 closing . ’

of the Kwrkfleld out}et with the dzscharge of Lake Algonqu1n
_‘belng ent1re1y out of the Port Huron outlet The Lower 0r1111a ’
bégsf may - pcsszbly correlate with the ¢losing of the Port Huron ' ‘
: outlet and the open1ng of an outlet~to the“north. This would
have a]}owed dlscharge to be;1n through fhe present day
Mattawa»Ottawa river va1leys into the Champ1a1n sed (Deane.
1950). - - - T R

‘Thé Lower A}gdnquln.béaches‘coﬁsmﬁtvof the Wyebridge.
Penetpng; Cedan‘Po{np..and ﬁqyefte bedches found on tﬁe present
day §imqoe’Low1aﬁdszyh the Nottawasaga drainage basin (ﬁtanley :
1936. 1937), as wel1 as the- Shequiandahi. Korah-and the
‘Stan]ey-Hough beathés'1ocafed beiow the present day shorel1ne'of ‘ L d"i
Lake Hurpn {Hough, 1963: Prest, 1970). As ment1oﬁed. these ' .
beaches are thoyght to be related to succeésﬁve1y lTower ‘outlets
bean uncppéred b& the receding 1;e 1n the North‘Bay»area The
fet resu]t of these successive lower outlets be1ng uncovered was - . . B
‘that glac1al lake Algonquin became gradually reduced in size to o :
such an extent that geparate lakes. 'Lake Stanley and Lake Hough.
bccup}ed thé Hupon’aﬁd Georgian Bay basins (Prest, 1970). -

. Durng the Payette stage. the Minesing bas1n‘ located in the , ‘
Snmcoe'L0w1ands was occupied by a lake separate from Lake
Algonguin. Tpis lake. referred to as Lake M1nesxnngcan be

" identified by a series of p00r1y'deve1opedaéhore11nes below the

Nyebfldge beach of Lake Algonguin jF1tzgé}ald. 19821. The

L 2 - o
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dec{1ne of the Payette stage. with the continued recession of the
Lake~A1gonqu1n waters. allowed the egarly Nottawasaga‘r}ver to cut
a steep valley through the Edenvale moraine a valley that 15 -
still occupied by thie river foday‘(Fitzggra1d,'1982)~

* The present 1aﬁdscapé of the sec%1on-of thed%1mcoe Lowlands

Wt
that were covered by the waters of the var 1ous stages of Lake

~A190nqu1n have been formed'8r1mar1ly by deltailc and 1acust¥1ne

sed1mentat1on fFigs. 3 and 4). Generally, in the deeper waters,

clay and 511t dep051tlon formed varved clay deposits. In

~

shallower nearshore watens. sand ‘and silts were deposited in

— ' 4

‘dé1ta‘depo§its by rivers flowing into the lake from the terminal

and kame moraines aiong the Niagara escarpment. Recession of the
lake 1n some areas feéﬂ]téd In the migration of these sedimentary

env1ronments $0. that the. sandy surface dep051ts over lie varved

clays (Deane, 1950). Theyflat centra]/southern‘gect1onﬁ‘of the

- ) R . s ’ .
Simcoe Lowlands consisting of'the Essa Flats and the Camp Borden
Sand Plains are. such areés In the northern section of the

drainage basin the Stayner and the Edenvale clay‘p1a1ns are areas

‘“where the deep water deposits have ﬂot been affected to any great

-

ewtent by nearshore sed1mentary prbceSSes
Nipissing Great Lakes. With contxmﬁed'retreat oT the ice sheet
northward gradua] uplrft of the North Bay area outlet resulted

in the transgress1on of the waters in the Lake Huron and Georg1an

-~ Bay basins. The transgre551on wou]d eventually cease w1th the

water Jevel rising to 5?6 feet a.s.1. which closely approached

. the level of thé main Lake Algonquin beach (Sténley,_1936). This -
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" new high water level referred to as the Nipissing Great Llakes,

was 5uff1§ient to allow the reopedlhg‘bf the Tong c]b;edyPott '
Huron and Chf&ago outlets (Hough,:i§63§: <The ;sostat1c rebound
ﬁha@ oauséd~the uplift of tﬁe No}th Bay aqplet was an_ extension
of earlier uplift that had t11ted the earlier Lake Algonquin
shorelines. Continuation 6f~th1§ uplift would ewEntlially result

B in the ﬁerm&nent closing of ‘the North Bay outlet. and the tilting -,
of the Nipissing séore1ine (Goldtﬁwaitz 1910). The tl@es£;1e for w
the‘Nﬁpwss1ng~Gréat Lakes 1s conéi&ered to bebéppﬁoximately 5,5éd
to 3.700 years b.p.. w1fh the closing of the ;orth Bay outlet .

. occurring approximately 4.700. years b.p. (ﬁeWIs. 1969) .
_— : ‘ ) A In the Simcoe wa)ands previous «plift of the area preyented

inundation of much of the area covered by the earlier waters of

Lake A]éonquin. “Thus. most. of the lacustrine sediment and

- o

portions of the lower Algonquin beaches-have remained preserved.

A major source of destruction of these features has, however, -

. ' .occurred through headland erosion aloné the Nipissing shoreline . : ) 'i&
Fa . ¢ - - . .

bluffs by storm waves- (Stanley, 1937). Despite the. lack of

*pengtrat1on info the present day Notta@a;agéadralnagé bas;n by
» ;the.N1p15§1ng sh‘yél1ne.”some 51gn1f{éant Fgafbres gan be -
‘ gtteruteyrtq 1t a ihe~lower end dfﬁthe bas1n“
" In the area of present day wé§aga beach.ra beach barr1ér~
'yas cénstéucted by the léke, behind which a Tagoon wa§ treatéé.
" Within the ;till water environment of thlsrlagoon. }aye%s of °
peat. marl and storm-deposited sand were formed fMértih1, 1974).

Th1s Tagoon environment was formed on top of an earlier

.4
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"1mpounded' Payette stage beach (Stan]ey,.1936f. ?Preééni_day

‘Mar1-Lake js a rellc fothe‘lagoon env1ronment (Martln1:”1974).

The rise of the ;;ptssﬂﬂg~Great Lakes were also sufflcent to

»allcw the reformat1on of a lake within the Minesing basin. This

lake, referred to as 'Lake Edenvale'. was smaIler than the,

-

garlier LaRe‘Mlnés}ng (Fftzgera1d 1982). DeSpate the later

retession of the lake. the Minesing basin remains 1ncomplete1y

l

drained as.the area 1s occupiedvby an e;tens1ve wet]and area

«

known as the Minesing Swamp.

Po t-Nipissing Great Lakes. dencugylng,of the Port Huron
out}et resulted 1ﬁ,the 1owér1ng of the)Nlpjss1ng Gréaf Lakes to a
level known as the Algoma Greaf Lakes tHough. 1963y.; The water
level attributed to the Algoma Gréat Lakes persistéd from
aaproxlmately 3,200 to 2.500 years b.p. {Lewis. 1969). w1£nf
1ﬂcreas¢d downcutting agéin at the Port Huronuoutlet;’fhe fake

-

level slowly dropped to the -present Qay level of Lake Huron,

where 1t has rema1ned’at‘a réfaﬁ1ve1y stable level. At some time’

‘during this recession the use of the Chicago outlet was

~térr_mnated ~

\

The 1nf1uence of the Post-Nipi1§sing recession can be seen at

Wasaga beach. Sands exposed by the drop in watef to the A1goma

level were reworked by aeolian processes forming transverse dines

over muclhyof the Nipissing barrlerllagooﬁ complex. The recéd1ng

waters also constructed a ridge and swale topography of ratsed

beaches and small péraliel dunes just inldnd of the- present day

_Georgian Béy éhorellne (Martini, 1974). - This topography of dunes



——

Ty

—

v e

T s

- h - 4‘
. . .
4 “ .z

, (and‘raisedxbeaehes was respéhswbﬂp'fbr the deflection of _the .. . g'
T e— - -

¢NottawaséaguFTQEF~Wﬁffﬁé*areﬁ?~f~ﬁ—;M_Q;_' .

< e L. & - .
——— s - -
N
.

) Réceqﬁ Higtory™ . .

Recent hi;taéi in the’Nottawésgga d;aihagq’bdéiﬁ'ﬁas seen’
the d1splécement'5f thefﬂative‘Ind1;;?t?ﬁﬁ?he area'by the arﬁl;al
‘of the European seL%]érQ in the‘earlx 19th centﬁfy }Hunter. )
V1908). The 1nitaal arrival of the ‘éemers br::;ugiht about 1{mited o
c]éa£1ﬁg(i“the nat1ve-f0rest§*for agr]cu?turaﬂ purposes ThiS S

smalt- scale cutt1ng was fo]]owed by widespread explo1tat1on of

the forests by lumber campan1as by the m1dd1e of ‘the. century \

'(Portqr. 1973: P0111n.~1974). Durlng thls perlod the L -

Notfawasaga river.and its tributaries were ut111zed as sources of

power. for the saw and gp1§t“mills that suppbrtéd the togging and

agrlculiuréi'iﬁdﬂstr{es in the ‘area (Paterson, 1961{1 By the- mid 7

f§70's‘the ;Qgging boom had ended. éné cver-e}plo{ga?1on of the o ‘
forests had résulted in thousands of s£umps ;ehaiﬁ1ng gf ofice B
gréaf fprasts.n-fhellﬁpéctvéf this oveﬁ~e;ﬁfoité£%o;*on-the

. — R ' -
landscape was widespread sheet and qully eros19n'&f the so1ls by .

Y - 4 . P

water (Harris et al.. 1975). as well as erosion and dr1ft1ng of
,s011 by winds (Gra{g. 1977, So exten§1ve.uas aeolian erosioﬁ in -

- -
i

the'Camu Borden area that sand dunes were formed in the -

prev1ous1y flat sand pla1n. This widespréad erosion must have'

¢

certa1n1y resulted in an 1ncreased sed1ment load of the r1ver ’ B

»

The actual impact of this does, not appear to be documented and - -

e - -
H M o

remainhs -speculative. T C,

- “ A
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Thé‘hbtfayasaga'rlvef flows aiong a ninetylmile course from.

the southwestern corner of the drainage,béﬁin. eventually flowing

_into Georgian Bay (Chapman and Putnarm:. 1966). The*r1ver-remain§ .

vscars that are,ea511x‘v131ble 1 qer1a1 photogrﬂphs. Ox-bow-, ) 4}

free~flow1ng unobstrueted by flood contro] dev1ces and’ dams. .
- 7 .
unl1ke some of 1ts tributaries - e g. Bgar Creek. In/1ts

f]oodpla1n the river freely meanders creat1ng numerous meander

%

lakes can a]soibe found, but do not appear to be too common a .

feature in th1$ dra1nage.bas1n ) R - _ - }
The moath]y pattern of dlscharge (Fxg. 6a) and frequehcy’o? iy

- -

discharge level (F1g; 6b) show genera1}yi1ow discharge lTevels

through the year with a4marked‘1ncrease‘odchring in Maﬁéh and’

Apr11 Th1s 1ncrease can be- attr1Quted to the spr1ng me]tnng of

‘
[y

SHOW, ~Depend1ng on the amount of snow and rate of melt,

(v M b

extremely high short term drscharge levels can OCCUr which far

h etceed the monthly average (Flg 6c) i The pattern of dlscharge

- level a11ows the river. to be claSSIfled as hav1ng a CFb reglme

(Beckvnsa}e‘ 1969). . LT e

Throughout this paper reference wi]l be made: to d1scharge

wleve1s:1q qual1tat1ve terms The usage of the term h1gh

di§chérge nge] refers 10 Ieve]s assoc1ated with spring runcffJ P

_than any observed during the" coursa‘of this study.

as Shown .in fig..ﬁa Such levels of dlscharge were far h:gher

)

‘Low 3
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station near Bayter, Ontario.
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dﬂls‘.:harges“ur low dicharge levels' refer: t‘a- the characteristic
.
discharges vccurring during the months of June- ami July as

defined b by FIM‘ 6 1t-was water’ ievelr m this range «yjrr
di.scharge L.t;4\t were: observed during this I”Wer Jtudv

4 md:ked \mtradt 15 prew]ent between the bcmk of’nthe
river UE!JT,Y“(;‘dm and downstream qf the. M1nesmg, gwdm;:w:» Upstredm of ]
the swamp. the banks of the No;ttawasr:ga river dbr]nd“eariy summer -
are partialty comprised of barren paint and side tars which can
be attributed to the' deposition of éﬁo’de;d‘ sed 1ment dumﬁg high
B d%cha‘r’ge levely. Such sediments. *a}'é'derwed from the erompﬁ of
‘the sand and Vdrved clay dep051t of the Es d }?‘lat* an‘ciq the Cérrrp'
'Borden Jand Plaifis. by the meandemng of the river. This im., .
evident from th;;e formation of actix{e]y grodmg bluffs in thés@
" areas.  The suspended load portion iof the sediment load gives the
river g murkiness and brown z;,olc;uyr.r U,D;:»wnstream_of the 5\~(\amp'. the

N .

bankg of the river-are heavily végetated contatning few extensive

areas of freshiy deposited sediment. ~This suggests that Jednnent

being trandported bv the river wss being deposited into Mm&smq

swamp . pusmbly because of a decredse i mver competence.

Little sediment was being deposited on the banks of the river "due
tu the decreased sediment load caused by the upstream presence of.

the swamp. . :

) ] . , ) u S,umm oy

—" The Nottawasaga drainage basin is . located in an area of
Southern Ontaric that has a campfex Pleistocene. history. The

~



3z -

‘4 R } - “ ) ) ) ) .
area hds been formed by advances in-the Wisconsinan ice sheets

i

and by the var 1ous stéges of glacial Lake Algonquin and the
Post-glactal lakes. More recently. the mpact of man cléar ing
" the forests has resulted n the modif1cation of some areas by

fluvial and aeolian erosion. The Nottawasaga river remains today

L

free-flowing. unobstructed by major flood control devices of fan.

T
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CHAPTER THREE . .. -

FIELD EQUIPMENT AND PROCEDURES-
¢ . 5 < .
’ field Equipment -
Qurrgnt Meter . The measurements of the current ve]ocrt1e3 in the

Nottawasaqa River were obtained with a Marsh McB1rney Mode 1 512M
electro-magnetic current meter, This current meter utilizes two.
perpendicular cotls, formed in a gquare cross. to measure th:B
flow velocity. Each co1l produces a magnetxe f1e1d‘around ’

1tself, wh1ch generates -an electric current proportional to the

ve]g;}iv of the current pass1ng across it. A f]ow n one

dlrett1on across a coil produces a pokitive output value, Tlow n

the opposmge direction produces a negative value. \S1nce a-cotl
s sensitive to water passing directly across it, the angle of
the flow affects the amount of electric current generated. For
gxample. a f]bw“w1th a gtven velocity will produce more e%ectr1c

current bv moving perpendicular to a coil, z%an_by flowing at an

angle to 1t. As two c¢otls are utilized by‘the eter, the outputs .

from both corls can be used to resolve the flow velocity into two
components. By designa®ing one of the coils '¥', the other ’Y'.v
a convement coordinate system 1S produced which can aliow the
¢o1l outputs to be easily resolved mathematlgglly or on a grgpn
to vield flow vectors. The sign of the ‘X"End Y coordtnates

defines the quadrant that the vector resultant falls in.

v

therefore 1ndicating fFw direction. The flow directvon was

measured from the '-v' axis (zero degrees) 1n a clockwise manner.
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“The éécuracyvéﬂgihe-curfent ﬁeteri1s «'- 015 cmi;.~vA‘potent1al
‘]1h1taf1on,to'the current meter me& be ﬁausad‘by flow moving at”
an apgle through the p]ané‘fcﬁmed by the two co%lsi Such a flow
would have'a 'Z; coordinate wh1ch‘was notjﬂelng measured by thev'
meté%. thug the speed 0T the current could be larger than that
~ which was Eﬁ]culated by the metér . At an extreme;‘a flow m0v1ng‘
perpendicular t§ the plane of the twosoils would be mégsured~as'
zero. ) ‘

The outputs from the current meter were storéd directly into
the memory of a Rad1o Shack TRS-80 wmodel 100 micro-computer.

Thas micro-computer was a major compohent oﬁ,a custom-built —

\ o

data-logger (see Blackburn et al.. 1984).- For each depth
tocation along a vertacal profiile, 51xt§-f00r measurements of the
current velocity were recorded each at an wnterval of one second.
In these profiles the current meter was oriented in the water so
that the coils were aligned in a horizontal plane. In order to
relate the direction of the flow to true north.. the azwmuth‘pf
the '+X' axis on the meter which was parallel to the Tubber. 1ine
“of the boat. was measured fo; each vertical profile. Using thié
azimuth, 1t was later possible to mathematically rotate the axes:
so that the '-Y' axis (zero degrées in direction on the éurrent
meter: and hence. the measured vectprs bécamé oriented relative

to true north. The equation ut 111788

L]

‘;}his calculation was:




Vd

+

CD.= AB + 90. .+ VEC —'MD (L)

CD -fconrected dire£t1on'of'flow to true north.

AB - azimmuth of the '+X' axis oh the current meter T

(which corresponded to the lubber of the boat).
90. - angl BEtween '-Y' axis and "+X' axis bf current
. metér. | L . T

VEC - measured direction of flow. - ) .

MD. - magnetic declinatiof ( approximately 9 degrees).
fhe'vector mean and vector magnitude of thé ﬁeasurements at each
depth of each profile were éélcu1qted:usyng softwﬁre n régident
RAM of the micro-computer accord1ﬁg to‘tﬂeer; outllned‘ﬁg Curray
(1956). The ‘X' and 'Y' coordinates of the vector mean were
‘p1otted on 1sometric graph paper. producing a ‘three-dimensional’ |
reproduction of the fiow‘faé each p}6f1le: The graphs cou]q then
be placed on é map of the raver reach para{lé] fﬁ~one another |
with tﬁe -Y' axis aligned to true north. The fléW'vectors on «
the grgphs would fall 1n their correct orientatton relative to
t;;;>north and the banks of the river. In order to préduce a
practical and legible diagram. 1t was neceségry to'ikace the
graphs onto enlargements of théir respeci1ve cross«sectioné. ; .h

3

This had to be done carefully as'both the or?eﬁia;}ons of fhe
gkapﬁghanddthe cross-sections needed to be preserved. Reductions
of the individual cross-sections were then 6bta1héd. andwhy
correctly orienting the reduct10n§ around a reduced map of‘theﬂ~
study reach. a flow diagram waé’produced. |

Plots of the 1ndividual measurements of flow speed and °

direction. near the water surface and channel bed. were

constructed for a single profiie from,SOme‘pf the selected
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.cross-sections. over the study reach. This was done to Show how

representat jve of the flow the vector mean was. as well as
p05§{b1y 1ﬁch$t1ng if . the measurements yérg being affected by
‘turbulence aﬁound the current mgter;_ These samples were done

over tﬁe“thalweg. s1n;e-3t yég believed that b?eatest amqbnt of
furbu1eﬁce would exist over fhe deeper portions of the-
cross-sections 1Yé!1ni 1977).“Exéqppion§“to £h1§ wege"1h . B
¢rdss-section lC'-wheﬁélérof1le féur was used because of an

wrregular vecﬁﬁr distribution. ‘and in-cross-section ‘£ due to

the fact that f]pw,was;fastesp n the m1d~cﬁanne} area.

. " A -4 - :
Boat. In the river. current veloctity measurements. were obtained

with the &ataglogger‘and“the Curreﬁt'ﬁétgr be1ng'ober§t§& from a
boét.”~ The:béat éontained special bow méd1f1cat1oﬁ§,wh1ch allowed
the meter to bevéas}Ty maneuvered né‘fhe water. These

mod1f1cat 18ns 1n£1uded & squarev51um1num lee whitﬁ ;erved to‘
héid thé“meier 1n.the water. _Being held g& a plvofRng sleeve
that was.mounted between two s]0t£ed b{ates-(ﬁié. 7). th pole
could be easily pas1t1oned vert1ca[1y for velocity measurements.

and h6r1zontal]y for poat movement andg equipment setup. .This

~ sleeve-could be locked into.place in any desired position through

vertical to horizontal positions by w1ng.nuts. The pole could be

lowered to. and raised from the river bed by the retraction of a

. cable.attached to & base ptate mounted on the bottom of.the pole.

through the use of a winch molnted on the bow of _the boat. The

- 2

-sleeve. which held a Bruntor compass-parallel to the '+*' coil on
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Fig. 7 Photograph showing modifications made to the bow
of the boat. ) ‘

w
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the Eurrent'meter.‘.The baseplate on the bottom ef the pole was
Sp{ked. so 1t cgu]d be thrust lhto the river bed aiding in~ppg_d
sfab11zat1onvof the boat. Extra stabilization of the boé£ wasu

- obtained by-tethering the boat. to eye splices on a rope that had

- . been suspended and tightened between two ‘eyed’ pegs {see Fig.

8). Lateral drift of the boat was minimized by the anchoring of
the stern q% the boat. When the pole was placed 1n thé bottom of
the river, graduaf1dns along the 51Je of the pole indicated the
depth of the water.

The current meter was heid in a constant position re]aflvé
to the boat by a fixtqre that was mounted to a second s]eevé.
which rade up and down the aluminum po]ei This sleeve could be

; ] :

maneuvered~vert1cally in the water along the pole by a second

“~winch on the bow of the boat. The sleeve allewed the meter 1o be

p]aéed within ten c¢m. of the raiver bed. Overall. the
' 1

modifications to the boat allowed current feasurements to be

taken along a vertical profile with little destabilizing of the_

bOaT(Zr

. Depth Indicdtor. ‘Echo sound;ngs'of river reach and

cross~sections were obtained from a Raytheon MODEL DE-7198 Survey
Fathoﬁeter.u Thi§ device produced tﬁé depth of the river on a
chart output. with, an accuracy of approximately ten percent:of
the reported debth‘ Because these soundings were done af£er the
cross-séct1ona1 measurements. prgllems arose 1n)§cquir1ng proper
reference of the boaf to the shore and 1n keep?ng the boat n

f line with the earlier cross-sections. as the depths were obtained
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Fig. 8 The boat in operation taking flow velocity
measurements. -
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without the aid of the rope suspehded across the river. This

meant that the produced putputs only-served to give an indication

pf*the bed topography. .The soundings of the approximate thalweg

“of the meander, E]ué'an additional séction of river downsiream of

the study area were obtained by allowing the bpa{ to move 1n a

controlled dr1ft‘ “Although the pos1t30n of the boat with respect’

to reference points on the shoreline were marked on the depth

output chart. this too served only as an rough 1ndicator of the

.downstream topography of the reach.’
- . &

suspended_lLoad Sampler. Suspended load samples of the rlyek were

‘also taken Fﬁom the boat, using an Isco Sequential Sampﬁer Mode!

2100. The eoncent}at1on of the sediment (milligrams/iitre) was

';1aterkcalcu1afed for surface and bottom samples taken 1n the

Nottawasaga and Pine Rivers above the confluence.

Fiéld Procedures

River Measurements. The flow of the river was measured a?\\~\\

- different depths from six verticdl profiles spaced appréximate1y

3.1 meters apart, for most of the fourteqﬁff?oss-seqﬁ1ons {see

Figs. 10 or 11). For wider areas of the river up to two

additionatl brof11es approximately 2.6 metres apart were added to
a cross-section. The profiles were designated numerically by

increments of one., beginming at the right bank (see Fig. 11,

cross-section 'M') For the cross-section at the E1ne River mouth.
&«

the numpering started at the southern end of "the cross-section

‘B'. The cross-sections were spaced irregularly so as to provide



thefmost deta1l along the bend éecttﬁn of the"rlyer reagh. 4The‘

-
[

depth interval at‘wh1ch‘tﬁé'measuremehts-mere recorded'ln{glally

ranged from ten, twerity and thirty centimeters (cm.) for the
garly cross-sections hefore a set format of twenty cm. intervals
beginning from five cmi. from the water surface was e&entupl}y ‘

‘established. This interval of iwenty“cm, wgs,belweJ%d to provide
. ' .

sufficent detail of the flow. while allowing oné or two

cross-sections, depending on-their depth. to be completed in a

.day’s work.

° v _ - - ™ y
N B h '

Sedimentology brogedures. Sedimentology data of the expdsed bér

and slumped areas of the river banks was obtained by a series of
excavations. Within each excgvation, the exposed sediméntary

structures were ident1fied. Along the slumped section of the

left benk. the sediments were sampled, sketched and classifed
.Intd fag1esﬂ The gngn_SIZE of théée sampied sedqmeﬁpsvwere
tater analysed in the laboratory.. The cumulative percentage for
e§cﬁ 512; ffaction was calcu]aied aqd plotteq on probabl]wty‘ 1

_paper.

Paleocurrent measurements were obtained on. c]limbing ripple

deposits found on and wrthin the e;pdséd bars. and 1n the facies
of the left bank. Thé paleocurrent directions of the climbing
’ o , - .

nr1pp]es were‘cé1cu1gted by similar methods outlined 1n “Saunderson

(1975). This involved making a vertical cut across the ripple

marks to chuhie the general direction of "the flow., from the dip
of the ripple crqss;lam{naea A horizontal plane of approximately

one square meter was cut across the ripple marks. revealing the
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internal patterr of the ‘cross-laminations of the exposed ripple
b o I - o ] -
“-troughs. The true difection of flow was obtained by measuring S

gﬁevaz1muth of @ line normal to the‘taﬁgéﬁt of max 1mum curvature ’
of the crpss-lamwnatioﬁs_tﬁét hest reﬁngsented:a'SIﬁgle'trough -
(Fig. 9). As in Saunderson's study’ éﬁe ripple cross;]amindtjoﬁs )
were geﬁera]]y rn-phase; thus onTy One'measmrement per t%ough was
}ecordea' A sample of fifty paleOCurrent measurements was taken
from each sampllng 1$cat1on or samp?wng bed (where d1fferent beds -
were}samp1ed at the‘gamg,{ocat1on).
A 3isua1'rgpfgsentﬁtion ofltﬁe‘measureﬁents for‘eaph sample
"'wés c;eaied b& grouping fheldata ints_lﬁtg}véls of\tgﬁvdegéees.-« v -

and plotting the resulting dyoups.on a circular histogram.- The

%

paleochrrent data‘wag fariher“&ummér:zed'by methods‘oht]ihed b&

- Curray (19567. ThlS produced calculat1ons of the vector mean and .

the vector ma;n1tude for each set of fafty, aZ1muths recorded from

a samp?e 10cat1on or bed. Iﬁgwas concluded that each §amp1e_set

had not-originated by-randoﬁ sampling af'a é]rcblar uniform ‘

)dwstribuEHOn.‘by esiavaéhHﬁg its s1énificance from the qu1e%gh

te;t of significance. The,Vect;r mean of each samplejfrom an

exposea Sar was dréwn on a giagram of the river to show the -

spat1a] pattern of the péleqcurrent d%rect?ons ) ; -
ilThe paleocurreﬁ£ measurements were useful “in determ1n1ng thealf

,flow d1rect10n at that area of the river’ channe] at the time of

.deposition. The data col1ected from the exposed bars n the

river was used for estimating the high water flow patterns in
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Fig. 9 Photograph showing current ripple marks.. Paleo-
current direction 1s roughly from the bottom to top of theé
‘photograph. o '
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the Teft bank pa]eocurrent data aﬂded 1n the 1nterpretat1on 6“‘v

“In the case of the exposed sed1ments di

some of the observed facies.
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CHAPTER FOUR

RIVER, CHARACTERLSTICT

©

.‘,,Tppe field measurements of the river flow were carried out
from the migdle of June tu early »Ju]_v of 1984. During this tima;
period, di:‘;charge’in the river ‘fluctuated‘ stightiv™ 1n response to
periods of dryness and precivpitation. bl;t the average discharge
for June and July remained r‘e:“l:ei,tn(e"ly~ constant. The general |
surface ﬂpw pattern that was ‘Dbserv‘ed over the course of the

study did not appear to vary 51gmf’jcan;‘l_v from these slight

-

o

changes 1n dischargée. It was assumied that the mtér’nal ‘flow

patterns of the river dlso did not vary ”srgmﬁca;)'t Iy a - -
discharge fluctuated. = This assumbt‘ion must be made 16‘ order teo
compare the flow patterns of sthe cross-sections me-asure\i dlong

the study reach but t“aken at different davs and'at\% ‘lz‘ightU'

»
saryed discharges.

-

~

For discussion purposes. the study reach has been divided - .

b . . o
"1Aate si1x sections.* In each of tgfxese sections, the measured

[yl

ross-channe]l geometry. flow speed and flow direction-are
anal,sed 1n an attempt to explain the observed a‘:h@nné‘ﬂ morpho begy
and sedimentary processes.

-

. - ) .
Nottawasaga Riwver Upstream of Confluence.’ The channeld of the-

Nottawasaga River was relatively straight as 1t entered the study
reach. In thys sectyon of the river, the observed channel

‘ . 0
motrphe logy appeared Lo be a remnant of higher discharge levels.

Thiv was evident as the asvmmetry of the channel iFig. 10y seemed
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g 0 ) CrossiChanrel Scaie
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3

‘Fig. 10 Dlagram showmg channel geometry for each of.

the fourteen. cross-sections. Map. of the -study reach
-illustrates the location of each cross-section along the ‘-
river. -The alignment of, the 'individual cross- sectlons
correspond to their respectwe crlentatlons on the - ’
on the reference map. . -
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indicative of being formed b{)ﬁe?léoidaT flow. but the uniformity
of the-flow veectors 1n cross-section &' showed gone wds present
ffig. 1. Despite the asymmetry; ne1ther the shallow pbrtioﬂ of

the channel along the left bank. nor the bank itself. appeared }5

réseﬁb1e active bars. Also. given the general uniformity. of flow

speed (16-19 cm/s) through much of the cross-section F;{g. 11y,

n tgab1nat1on‘w1th the observation of 1nactive current~r1pplesr
.along the visible portions of the bed, no‘signxflcant
»mgdi?icat;on was ocgu{?:ng toe thé bed. and héhce to the channel
morpho1ogy. Suspended load samplgs'of the water -taken across the

channel containedﬂaq average amo&nt of 25.9 mg/1.

When discharge levels rise 1n a river. Jackson (Fig. 6.

19751 has shownothathtﬁg downstream extent of a helix generated

vy
3

at'a_ﬁeﬁd 1hcréases. As the observed crois-channel morphology .
curreéponged to the expected asymmetry of'the upstream meander.
it méy have been formed during H1gh discharge levels 5&
helicoirdal fidw - inherited from this meander. Field measurements
of the flow taken at high discharges would be needed to confirm
- this hypothesis. - Présumablj'dur?ng these per1$ds of high
_d1schérge.“act%;e'cu%r?nt‘rlpples)wou1d be migrating a16né the
" _channe]l. _ ‘ )
’ A plot of 'flow'speed, and direction vs.- time f%led:thaf 4
" flow djrectién and §aee§ over the tha}yed were veﬁy fegu}ar tFig.
12). _Thé l1tt]é degree df'f]uctuat19n mn both at the water ‘

surface and'bed indicated that & very low degreé of turbulence

_occurred 1n these slow moving waters. .The fluctuation 1n-flow -

[
P
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Fig. 11 Enclosed in back pocket of thesis.
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Fig. 12 Plots of speed and direction for each individual
measurement of {low obtalned at the bed and water surface
of profile two, cross-section A. See Fig. 11 for the
location of the profile.

.
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speed and directign in this section of the study reach was the

lowest observed in any of the cross-sections Samp‘l&.

Pine River Upstream of Confluence. In the Pine River. flow

passed through a meander as 1t entered the Nottawasaga River.

Here flow conditions were such that active sedimentary processes

S
2

could be observed. Cross-channel geometry. with the thalweg w
located along the southern bank (proximal to profile™eme) and a
paint bar gently sloping from the opposite bank. was

asymmetrical. Flow $peeds were very rapid over the thalweg area

_of the channel, whflg'being considerably slower over the

submerged bar kcro;s;sect1on '8 n fig. 11). The highest
magnitudes measured were towards m1d-ch$nnel. n profile two.
Here speeds averaged 54 cm/s. which was slightly higher than the
average of 47 cm/s measured 1n profile one alon; the outer bank.
In these fast waters of the Pine Rivgg. a plot of the flow
speéd and direction vs. time revealed that the flow direction was -
relatively constant.” but there was a degree of f]dctuat1on n the
flow speed. especially at-the bed (Fig. 13;. F]uctuat1ong n the
flow speed were expected, howevér: the very abrupt changes 1n the
Speedvat the bed mav have partially been a result of water

turbulence. In turbulent waters. as discussed 1n chapter three,

current eddies could potentially pass at an angle to the

‘horizontal plane formed by thel;urrent meter sensors. thus

-

affecting the measured Speed. Successive eddies moving no
different vertical directions towards the current meter would be

recorded as abrupt fluctuatians 1n the measured flow speed even

it
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Fig. 13 Plots of speed and direction for each individual
measurement of flow obtained at the bed and water surface
of profile one, cross-section B. See fig. 11 for the
location of the profile,
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1f all the e#dies had roughly s%milar velocitres. Rapid
fluctuations 1n the f]owéépeed. but steady flow direction §}m1]ar
to those observed along the bed 1n Fi1g. 13, may be a posstible
indicator of turbulence. If this 1s indeed the case. then flow
would appear to have been more turbulent near the bed 1n the Pine
River than at the water surface.

Reflective of the high flow speeds 1in fhe Pine River,
Sed]oad was obviously quite high as active dunes and ripples i
migrated along the bed of the stre(ﬁsip?hevdunes located 1n the
thalweg were not read1iy visible on the bed due to water
turbidity. but wading confirmed their presence. The dunes were
estimated to be approxlﬁately 20-25 cm: high and 50-60 cm. long.
Bo1ls cBuId be seen on the walter surface to the lee of the dune
crests. Thevcurrent ripples were associated with the shallower
portions of flow along the 1nner bank over the submerged section
of the bar. A suspended load sample y1e1éed a measurement of
51.5 mg/1. which seemed high as the waters of Pine River were.
noticeably less turbid than the Nottawasaga River. This
difference 1n water turbidity allowed the flow from the Pine

A
River to be readi1ly differentiated from that of the Nottawasaga
River at the confluence, Despite the mixing of the watérs of the
two rivers downstream of the confluence, the clearer waters of
the Pine Rtier could st111 be distinguished along-side the left
bank at least as far as cross-section 'I'.
In cross-sect*an '‘B' two oppositely rotating helices were

q?serwed. These helices were distinguishable 1n cross-seclgion

$5
@
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‘B’ through the sdrféce convergence and bottom divergence of
vectors between p;ofqles one and two (Fig. 11). The rotation of .
the inner Hel1x‘(tbﬁt observed 1n profiles two and three) seems
to correspond to the expected circulation pattern generated at a
meander. The bottom vectors of this inner helix appeared to be
transporting sediment towards the convex bank. hence the
existence of a J61nt bat along the tributary mouth. Thus the
presence of this helicoidal flow cé}] In combination with the
flow Spéed distribution would appear to be influencing the
cross-channel morphology u?deé‘the observed flow conditions. It
1s not known 1f the outer helix {that observed in profile one)
was an extension of the* circulation pattern formed at the
upstream meander 1n the trbutary. or locally generated in this
particular section of the weander. leey and Thorne (1975) dlécuﬁs
how two contra-rotating helices, where the surface vectors

converge. can have a significant nfluence upon bed scour..

sedlment'transport‘and shear stress. and hence, charnel geometry.
G1veﬁ‘the high flow velocities within the tributary being readily
able to transport sand-sized sediment. the possible effect of
this con&ergence 15 diff1icult to assess.

The general asymmetry of the cross-channel geometry 1ﬁ the
Pine River mouth can pe attributed to the velocity pattern from
flow passing around a meander. It {’not known if active
scouring of the bank proximal to the thalweg and accretion of the

point bar were occurring at the time of observation. Thus it is

possible sediment could have just been transported through the
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meander . Yet, the presence of the helicoirdal flow, and high flow

speeds against the .outer bank, suggest active erosion ahd
deposition of sediment was occurring. If so. then the Pine River

channel was $lowly migrating in an upstream direction relative to

the Nottawasaga waer;/

River Confluence. At the confluence, ~the fusion of the two

rivers resulted 1n a complex pattern of flow and sed imentary
processes. The general shape of the channel (cross-section 'C")
réflected tr;e asymmetry 1nherited fro;g the Nottawasaga R1%er. but
the siope along the right bank had become much stééperi ;,‘The
interaction between the flows of the two rivers resulted ;\'\m
waters of the Nottawasaéa being deflected towards the r1§ht bank
by the entrance of Pine River. This seemed to result 1tn the
constriction of the Nottawasaz]a as 1ndicated by the speeds along
the right bank 1n profilles one and-two Bf cross-section 'C' being
geﬁerally Targer at 22-27 cm/s than those in the channel just
upstream of the confluence. In these waters. the flow pattern
remained 1n a relatively constant direction showing 1ittle
evidence of secondary circulation (profiles one and two of
cross-section 'C'). It was not known if active erosion was
gccurring along the right bank under the obs»ervedhflow
conditions. | ,

The interaction of flows also rethsJin the downstream
deflection of the Pine River waters. The flow from the
tr1buta€r; being 1n the range of 30-40 cm/s was much faster than

-

that along the right bank. It can be readily distinguished as a
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ﬁigh speed filament of flow i1n cross-section 'C' (profiles three
and fpur. Fig. 11). Interest1nglf. the flow speeds measured in
prof 1le four decreased with increasing height above the bed.
Flow speeds over the submerged section the bar 1n profile five
were much'51ower~than those in profiles three and four. and were
thought to be assdcrated with a reversd’%1rcuiat1o;.

The plot of flow speed and direction in Fig. 14 ofiprof11e
C4 indicates that flow from the tributary at both the bed and the
water surface had been quite éurbulent in the confluence. This
observed turbulence would be expected as flow from the tributary
decelerated and mjxed as it entered the confluence. At the bed,
flow direction was relatively constant but rapid fluctuations 16
speed were océurr1ng. The very erratic reading of both flow
direction and speed at the Qurfacel suggests a very high degree
of turbulence. with the vector mean probab1y represént1ng a net
direction and speed. Given the high speeds of flow recorded just
upstream in the tributary. flow speed at the water surface 1in

profiie four appears to be considerably reduced. despite the
range of measured values. ‘

A major 1nfluence on the morphotogy of the confluence‘
occurred as the thalweg of Pine River extended into the
Nottawasaga channel. which R. Nolk (personai communication) has
reported deepens into a scour pool between. cross-sections 'B' and
'C*. The upstream slope of this scour pool was 1nitially very

steep, but had become less 1nclined at cross-section 't" A

second steep slope projects outward from roughly the corner of
x

)
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the left bank proxim%l to the thalweg of the Pine River channel,
giving the scour pool a 'V' shape opening 1nto the confluence.
The scour pool became curved as the flow of the Pine River was
def lected downstream by the watéf in the main channel. The
deepest port1oﬁ of cross-section 'C' was 1n faci. the scour pool
{Fig. 10). The shallow area along the left bank was a submerged
portion of the large bar located at the mouth of Pine River.

In the rapidly flowing waters entering from the xr1butary.
77;e1ico1da] flow existed as evident by'the variation between the
Surfacg and bottpm vectorskyn profiles three and four. The
orientation of this vector pattern was analogous to the pattern
- of the 1nner helix located just upstream in the tr1butaryt and
hence was thought to be.an extension of 1t. As Fig. 14 indicates
a high degree of turbulence 1n profile C4, this observed vector
pattern would represent a net direction of the flow. At any
g]Vén instadce in time, th{s net direction pattern may become
distorted by the water turbulence. with the amount of distortion
ncreastng with greater d1stance from the bed. The combination
of th1¢ helicordal flow. which may become 1ntenslf1ed at they
¢onf luence gMosley. 1976). n addition to the turbulence
generated from the deceleration of the trabutary wa}ers. are
thought to have formed the scour pool. The fusion éf waters from
the two rivers resu]ted in the downstiream deflectioA of the
“traibutary flow, wh1éﬁ'a1so caused a corresponding curJature to

the scour pool. "In a flume study., Mosleyv (1976) observed a 'V’

shaped scour pool-similarly located in the confluenck to one
b

’ | f
»

i
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observed tn this stus;\&‘zhe depth of the scour pool-was found to
decrease with an increased difference in discharge. as well as an
increase in the angle between the two rivers. A key defeyep;e
ocqurred in thé flow pattern overvthe scour pool,-as he observed
two helices having a simlar rotaiioh to ‘those Jlocated just .
_upstream in the tributary. In hindsight, an additfona] p
cross-section radiating from the large bar, locafeghbetween ’
cross-sections ‘B' and ‘C', would have contributed lémensely to
this discussion on the confluence. -.

Due to-the preseﬁce of helicoidai flow, the waters from the
tributary throughou{lﬁhch~;f the confluence appeared to be
functioning as flow would be expected to while passing around a
meander . .The or1éntation to the bottom vector of the helix '
indicates sediment would have been transported from the scoﬁr
pogl to the e}posed bar along the left bapk. which 1s analogous .
to point bar sedimentation. The submerged portloﬁ of the bar
reflected this process as 1t was gently sloped into the
confluence, and current ripples mlgrated'along the bar face.

While low flow sedimentation on its upstream portion may resemble «.

et

that of a -point bar. the bar did not. as 1t was flat and
| i
1#w—1y1ng, ~-In the area of_the reverse circulation. r}pgli

mﬁgration occurred up the par face. If the upstream bank of the

,'channel' can be accepted as the flow boundary between the two

rivers. then the 'channel’ morphology of the scour pool resembled

¢

the asymmetrical form at an active meander. Conditions leading

to this an51ogy; however, deteriorated rapidly downstream as the

o
¢
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flow velocities and the helicordal flow pattern of the tributar,

. p N N
Tlow duninished through turbulence and mixing with waters of the

&

Nottawssagu. Particularly noticeable was the declining steepness
of the upstream slooeimf the scour pool. In the vicinity pf
cross-section 07, thedeON functronéd much less like that of a
medander as the vector pattern along the bed became aligned
downstream. and the scour pool was absent. Downstream of
cross-section 'D’ thé‘1arge exposed bar dropped off sharply 1nto
the shallow channel. .

The sensitivity of the exposed bar to small changes 1n
discharge was quite apparent by the moflifications that occurred |
throughuut the summer. The general trend to these modifications
was that the bar seemed to grow during the lower periods of
discharge. and diminished during higher discharges. This trend
may result from variations 1n ‘the deflection of the tributary
flow with increases an decreases 1n discharge. as a
quasti-equi 1ibrium beﬁ&een bar morphology and flow was be1nq
established. Increases 1n discharge would be expected to result
1noan ncreased deflection of f1ow. hence scouring and reduction
“of the bar. Conversely. Towering of discharge would result in
the growth of the bar through sed1ment$tion associagted with the
Tlow helix and the reverte circulation.

How the flow pattern. confluence channel morphoiogy. and the
exposed bar would react to the verv high discharges associated

-

with the spring runoff 1s not known. The tack of paleocurrent

ez

measurements Trom the bar along the left bank prevented any
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mterpalatton of flow patterns that occurred when the bar was
submerged. Yet as Mosley (19761 reports. the greatest impact
tributary witl have at a river gpnfiuence occurs as the
discharges between the two rivers approach unity. The lowest
amount of di;charge variance between the Pine dnd Nottawasaga
Rivers occurs during tow discharge levels (D. Bennett. personal
communiication), thus the tributary would be expected to have its
Targést affect Dnnthe morphology of the confluence duriﬂg this

flow period.

Riffle. Genera]]y‘over the riffle, filow speeds lncreaged. vet
the overdall flow djnectiona1 pattern became mﬁ;h 1¢ss
complicated. approaching umiformity 1n cross-section "E'. Flow
velocities in cross-secttion D' compared to 'C', became spatially
more uniform as the separate streams from the two rivers became
a]mogt indistinguishable from each other in the flow dragram.
Constriction of the channel by the large bar produced an increase
in flow speeds. whichg#anged from 40-47 cm/s mid-channel to 30-40
cm/s along the banks. From cross-section ‘D' to the riffle, the
flow continued to accelerate, probably due to an overall.
redhc&lpn n the crossasectional area as the channel sha]]owéd
and wideﬁed; A high speed fitament of flow formed mid~channel

over the shallowest portion of the riffle (croké-section "E'y.

Here flow speeds reach 50-65 cmss. the highest measured in the

.studv reach. Flow speeds along the banks were slightly lower

“than those of mid-channel, but st111 ranged from 30-40cm/'s aloné

the water surface. In these fast waters. sediment that had been

7
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transported from the confluence appeared to be carried through
the ri1ffle area.

Near the bed‘and water surface. flow direction 1n a plot of
profile three of cross-section 'E' was quite steady (Fig. 15).
The spEedAof the flow at the water surface fluctuated moderately.’
yet at the bed considerable variation occurred. Given the very
high flow speeds that occurred in this section., these -
fluctuations at the bed may well haQe been a result of turbulence
ari1sing from the bed. This was not so obvious from the graph
consdering the rapid var15t1ons'in flow speed attfibuted to
turbulence that had been observed at the confluence and along the
bed of the Pine River. ‘

Over the riffle, cross-channel m;rphology became verv close
to svmmetrical. The thalweg did not follow the high speed
filament of flow across the channel, rather 1t diminished along
the right bank while reforming along the left bank. This
switching or thalweg cross-over. can be attributed to a
centrifugal force acting on the flow 1n response to an
increasing. but opposite curvature of the downstream meander.
This location of thalweq cross-over has been termed ‘delayed
inflexion'. and has been shown statistically to be the expgctéd
location of cross-over (Carson and Lapointe. 19?3%. The
‘cross-over' also resulted in a shallowing of the bed occurring
mid-channel at the riffle (fig. 10;. “As the vector pattern in

cross-section 'E' was uniform 1n direction. the formation of this

¢cross-channel morphology 15 not clear. A similar cross-channel
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geometry at a bend entrance has been attributed to the existence
of two contra-rotating helicoidal flow cells located on either
$i1de of the channel (Bridge and Jarvis; 1982). If the observed
channel morphology of the riffle in this study has a similar
origin, then the two helices must have existed at higher
discharge Tevels. . ) . 4

Downstream deptk soundEngs of the channel revealed a short
sfeep slope (possibly avalénche slope) just Upgtream of
cross-section 'F'.  The §lope appeared to extend across much of
the channel as boils could bé:nb::rved 1a§Frally along the! water
surface. This slope may have represented the downstream margin
of the riffle (Leopold and wo}han. 1960).

Riffle areas have been found to have wider and shallower
channels and higher flow velocities than bend sections of rivers
(Richards 1976a. 1976b. 1978; Milne, 1982)£§.The trend continued
in this study regch. The riffle area represented the section of
the river 1n which the thalweg switches from the outer bank of
the upstream meander to the outer bank of the succeeding
oppositely curved meander.- It also appeared that although
sediment was being actively transported through the riffle. the
observed morphology may have been a remnaﬁt of higher d1scnarge'

1

Tevels.

Bend. Around the bend, the expected velocity pattern and
sedimentary processes were present. Entering thegbend, the high
speed filament that had been mid-channel over the riffle. shifted

towards the left bank as the thalweg began to reform



/ b4 ]
{cross-section 'F'. f1§. 1t1.  In conjunction with this shaft,
flow speed of the filament became reduced slightly to 40-45 cm/s.
The positioning of the thal&eg alonésside the lef£ bank gave~the
channel an asymmetrical mofﬁhology.“ Corresponding to the
shallowing of the channel into the slope of the point bar;dspeeds
along the right bank became markedly reduced. This cross-channel
asymmetry and general distribution of flow speeds continued
downstream throlgh cross-sections 'F* te "J'. Plots of flow
speed and direction vs. time as sampled over the thalweg n
cross-sections 'G' and ‘J° (Figs. 16. and 17). were relatively
constant., indicating a low degree of turbulence.

By cross-sections 'K' and 'L'. reverse c1rcu1$tions had
de?eloped along the banks as tﬁe thalweg and the high Qpeed —
f1ilament "shifted from along-side the left bank to mlngﬁghnel.

This shift resulted 1n a shailowing of the channel proximal to

the left bank. In these reverse circulations. flow speeds ranged
from 5-10 cm/s over. the shallow DOFtJPﬂS of the channel. The
boundary of the reverse circulation along the left bank was
particularly distinguishable by a line of vortices visible at the -

water surface. The speeds 1n the flow filament above the thalweg

- were generally similar to those located upstream, where 1t had

been located along-side the Teft bank. -
The formation of these reverse circulations appeared to be

refated to the channel curvature 1n"th1s section ofrthe bend.

Hickin (1978) hypothes;zed that for meanders with a radius of

curvature to channel width (Rm/W: ratvo lower than 3.0. the high
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speed T1lament @% flow shifte from along-side the concave bank
towards midachanée1. A reverse circylation may then form
proximal to the cdncave bank, fnsulatlng it from the high speed
filament and reducing erosion. resulting in the decrease, halting
or possibly reversal of channel m1gra£1on. Bagnold (1960)
reports that reverse circulations will develop along the convex
bank of meanders with-a Rm/W ratio rang1ng.from two to three’
The relevant sect1oh of the meander in the study reach was
esfimated to have a Rm;w ratio of roughly 1.6, fitting both
Hickin's and Bagnold's models. In this study. however. unlike
towardsvm1d~channel has also been accompanied by, the shift of the
thalwegq.

The portion of the left bank in which the reverse
circulation was situated, appeared almost as a 'notch' that had
been excavated into the bank. Th;s was especiatly apparent by
the downstream face of the 'notch’ being sharply angled towards
tﬁe flow 1n the channel. As evident by the presence of the
slumped bank. this area was an erosive feature. The excavation
1s thought to have been formed by the reverse circulation eroding
the bank when the river waters would come 1n contact with the
slumped bgnk during high distharge levels. Although the
freshness of the bank face throughout the summer suggests that
some erosion probably does occur at low discharge levels through
minor failure of the sediment. -In support of the notion that a

reverse circulation along the outer bank of river can cause

&

e
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substantial erosion, follow-up observatgons of the ;tudy site
made during ltate April of 1985 showed extensive erosion had
occurred 1n this area of the bank. This erosion 1s particutarly
significant because n this section of the reach the thalweg was
not located along the outside of the channel.

In contrast, the reverse circulation along the right bank
appears to be an area of deposttion during low discharges as a
small bar was constructed on the point bar. Where the point bar
endedqjust downstream from cross-section ‘L'.Nthe thalweg widened
considerably forming & large pool.

Probably 1n response to the increasing channel curvature as
the flow entered the meander . a helicoidal flow began to form
towards the left bank over the thalweg (cross-section 'F'). This
helix grew gra&aﬂy 1 intensity as“far as cross-section ‘L', as

flow passed around the meander. The surface vectors of the helix

were oriented towards the left bank. while the bottom vectors

were orilented towards the p$int bar that had been formed atong
the right bank. The greatest variation between surface and
bottom vectors along each'c}oss-sect10m through the bend,
occurred over the thalweg. fThe hel1co{dal flow i1ncreased 1n
intensity with greater curvature to the bénd. similar to what was
observed 1n meanders by Jackson (1975): The exceptions to this

general direg&Iona] pattérn occurred in profiles six of

cross-sections 'G° (upper three vectors) and '['. where the

vector distributions suggested that the intermittent occurrence

of very small and weak helices rotating opposite to the main
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hel1x had formed along-side the left bank,

The development of a second helix along the left bank
through cross-sections 'G' to "I’ of albert weak intensity and
intermittent downstream extent. 15 significant as the uniformity
of flow d1réction over the riffle clearly ind1£;te that it has
been generated 1n the bend and hot 1inherited from upstreamf fhe
extstence of this helix has also been observed 1n flumes as
reportéd by Einstein and Harder (1954) and Shen and Komura
(1968). Callander (f§78) retated the outer helix development to
a lower fluid speed ‘occurring near the surface along the concave
bank. and mentions that tfey may develop ‘some distance 1nto the

meander'. The location of a sjber-eTevated water surface just

)

off the concave bank (see Bridge and Jarvis. F1g. 12. 1982) may
é\ayide an energy gradient by which tﬁls outer helix could be
generated. The superAelevated—water surf%ce would have been
formed as centrifugal forces generated'from flow passing around
the bend. push the water towards the outer bank.

Hey and Thorne (1975) point out that outer helices may
potentially influence velocity and shear stress distributions,
thus erosion and deposition patterns. with the net effect of
altering channe)l geométry. Such a process may potentially affect
meanders where the oqﬁer helix compr1§es a sigmificant proportion
of the channel area ;.g. cross-section "B of this study. In the
bend are%. where the outer helices has been clearly generated
within tge méander, the. small size in relation to the

cross-sectional area of the channel suggests a very lmited role

~ a4 s
" N
! -
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was played 1n the nfluence of channel geo@etryf

The amount of sediment being transported in the bend was not
known because of the lack of a bedload samplier. As we]i. it waé
not knéwn whether sediment was being transportéﬁ through the bend
inte the pool as the depth of the thalweg and the turbity of the
water prevented observation of the bed. Unfzttunately the deptﬁﬁ
sounder did not alleviate this situation as resolution of the
device was not sufficient to deteéf small bedforms such és
current ripples. MWhere the bed was visible along the right bank.
mactive ripples were observed on the point bar. A clue that #

“sediment was being transported through the thalweg of the meander
was that active current raipples could be observed migrating just
below the water surface along the left bank. Also. a small bar
was slowly formed as sediment was deposited in the reverse
circulation that occurred along the point bar 1n cross-sections ‘ ;géf
‘K'oand LY.

The development of the general erosional and depositional
pattern and resulting aSymhetrica1 channel "morphology that oécurs
at a meander whereby sediment 1s eroded from th? concave bank and
deposited upon a convex bank. has bee; attributed to a velocity

pattern 1n which the the high speed filament 315 located along the

outer bank and helicoidal flow 15 present (Leopold and Wolman. _

19603. The presence of this flow patter% from cross-sections. 'F!
through 'J' was reflected by the extensive area of slumping along

the left bank. and the development of a large point bar on the

> opposite right bank. This erosional and depostional pattern

@

s
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cont 1nues through cross-sections ‘K’ to 'L’ despite the fact that

the thalweg was no longer located along-side the left bank. In
“this section of the bend erosion of thé outer bank was beiné

caused by a reQerse circulation. The continuation of the
‘geposit1onal pattern that was building the point bar can be
.attributed to the strength of the water speed and the helicoidal

flow through tne bend to pa§$ed cross—secf;on ‘L', Thus. the

role of the he11coidaljflow in the maintaining of the

» .

¢ €

depositional processdsgﬁﬁfough the bend is quite apparent despite

5

the facththat the mechanisms for the outer bank erosion change.
The positioning of the erosional and depositional pattern appears
to be resulting in the outward migration of the meander. causing
an increase in bend curvature (this can be seen in a sequence of
aerial photographs (fig. 18)). Théﬁterm1nat{on of the pointubar
dnd the slumping along therleft bank at the upstream margip o%
the deep pool where flow velocities and helix intensity diminish.
reinforce the role of the flow pattern in the maintaiﬁﬁnce oi'fhe

channel morphology.

-

Pool. ;
- - ‘ T
Channel depth at the thalweg. which since the riffle had
’ ¥

been gradually increasing downstream through the bend. reached a
maximum of 4.45 metres at cross-section "M'. Here the thalweg
widened and deepened forming a pool. The depth of the channel
between cross-sections 'M' and 'N' began to gradually increase as
flow left-the study reach. : , -

The presencé of the pool had an wmpact on the flow as the
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Fig. 18 Aerial photographs of
study reach in 19.7, 1344, 1953,
1971 and 1978, (Svurce of
photographs: 1927, 194¢.Naticnal
Air Photo-Library (Ottawa:!; 195z,
1971, 1978 Ontario Ministry of
Natural Resocurces (Torgnto) .

o
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magn itudes of the digh speed T1lament became substantialle
reduced to 10-1%5 cm's.  The distribution of speeds across the
chamnelkaJSO becgme more unifourm, although & concentration of the
higher magnitudes in cross-section 'M' were located towards the
teft bank. In profile four ‘at the water surface and over the
bed. tlow speed and d??ect1on showed slight 1V more %luctuatmn
than had been observed upstream around the bend. vet they still
had ¢ relatively tow degree of fluct;at1on (F1g.49).
The directional irregu‘l"egrwt_v of some vectors, 1n
cross-section "M', mé;de the flow pattern 1n the pool area of the
reach more difficult to interpret. Desp?te_ this, helicoidal+§ low
st111 appeare® to exist’ through the pool. but at a reduced
intensity. The orientation of the vectors in profiles five, saix,
and séven. Shg\g‘ést‘s that flow wés benfg def ltected away from the

left bank. Although rfot measured 1in.any cross-section, an
“ 1
wa b

addrtiongl reverse circulation was observed to the lee of the
5
point bar terminus.

By cross-section "N, speeds were stightly increased }/g/

[

15-20 cm/s and were generally more uniformiv distriputed across .

the channel. 1In this area of the poot ,théré‘wés ne dpparent high
3 ! A
speed filament. & reverse circulation was tocated along the Teft

bank. 1n which flow Speeds were a very weak 1-3 cmes. The
reﬁvér:s.a] n vartance of the bottom vectors at profite six with

that of the other profiles suggests that a second helix has

- 3

developed near the bed. The presen(:e of 'a the second helix

observed near the left bank with opposite rotation to the

(')

-
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remaining flow. mayv be the beginning of the circulation pattern
generated 1n response to the developing curvature of the .

downstream meander. Whether this second helix extended

—

downstream 1nio the next bend was not Known as the flow passes
out of the study F;ach‘

The_two reverse circulations of flow observed w1t%1n'the
" pool were both thought to originate from 1rregu1ar1t1es 1n the
r1vé} banks {bank roughness) causing tﬁe fléw to expand rapidly.
With the reverse circulation aloﬁg the left bank: this
irregularity along the bank probably occurred due to the
terminati1on of the point bar. The reverse circulation that
occurs at the base of profile six in crdss-séqtion 'M' may have
been associated with a bedform 6( submerged log.

The‘fo;nat1on of a pool at a river bend was not an
unexpected phenomenon. vet the anomalous dep&h of the pool in
relation to previous depth encounierei throughout the study reach
was surprising. Depth sounding of the next two SuccessTve bends,
one of wh1ch*was of greater curvature and phe other of lesser
curvature. revealed poo}s were alsc ﬁﬁ%sentAbut were not nearly
so deep. Some deflection of the‘?Tow from the left bank 1s
apparent in the flow diagram das has. been noted. But the measured.
flow speedsgimmed1ately above the bed 1n cross-section 'M' (65-11

cm/st were lower fhan than those of cross-section 'A' {10-15

4+
¥

cm/s) where inactive ripples had been observed. suggesting that
the channel bottom was not being scoured during low discharge

levels. As the observed flow speeds were not sufficient to
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credate the pool, circumstantially this makes 1t a product of
higher discharges. Such a premise seems 1n line with scour and

fi11l characteristics observed aloqg other rivers, in which pools

.were scoured during high flows and filled during low flows (e.g.

Lane and Borland. 1954: Carey and Keller., 1957: Leopold and
Wolman, 1960;.; The exact mechanism responsible for the formation.
of the pool was not appéfent from the measured low d;scharge flow
p;ttern. nor 1s 1t known 1f the pool 15 a permanent or temporary
feature of the bfnd. A possible mechanism might be an increasing
amount of deflection of the flog ogccurring of f the Teft bank
along-s1de the pool at high discharge levelg. which causes
scour ing of the bed. The fact that the thalweg 1s :ocated
mgg-channel here and the reverse-c1rcu1a€1on that was eroding the
left bank does not extend this far downstream. mav explain why
the left bank haéubgen relatively stable (as 1s evident by the
vegetative community growing on 1Ly, An alternative explanattion
to the formation of the pool would be bv bed scouring through
form drag associated with a temporary log jam that had recently
existed 1n' the meander at approx1hﬂte1y cross;sectlon?T'K;
through "L'.

Once the pool had formed 1t would have a 'feedback' effect |
upon the flow as the increase in channel area would cause a
reduction in flow speed, thereby reducing the erosive power gf
the water. The presence of the pool as mentioned. resulted 1n an

& ) -
overall decrease in flow speed and in the intensity of the helix.

and occurred in a section of the reach where the depositional and
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erosional pattern in operation-around much of the bend became

significantly modified. This was evident as the point bar ended

-

abruptly and the erosion ceased along the left bank where the

deepening of the pool began. The breakdown of the sedimentation

pattern occurring at Tow discharge levels Just upstream 1in the \ly),{;

bend. appears to have resulted from the decrease in flow speeds

«

as helicoidal flow still exists over the pool.

e e e e e



CHAPTER FIVE
BANK SEDIMENTOLOGY

Along the banks of the Nottawasaga River were a senies of
bars and accretjcn deposjtg. The sedimentology of the exposed
bars'gjong the right bank was analysed to provide deta1]s biﬁthe
flow pattern occurring at hrgher discharge levels. These bars
“included the Targe point bar and two smaller ‘side' bars {F1g.
20). Also examined were the bank deposits and the series of bars
along the left bank in the upstream section of the stu;y reach.
Immediately downstream of .these depositsiyprogressng eroston
3*ong the left bank opposite the poiét bar was causing the
exposure of a vartety of sediméntary structures not attributed to
present- day déposit;on; " The generga]l charaétérist1c§ of these

structures we;g investigated to establish the ori1gin of these

sedlmen;s.

¥

~ RIGHT BANK.

Point Bar. A considerable portion of the outer margin of the
point bar was 1nit1a}iy»observed.to be barren {Fygs. 10 or 11).

The remaining area of the bar was inhizited by a thick coverang

2 -

of herbaceous and wéddy vegetation. 1ncludlng large trees.. Much
of the béfren area'of thé Barkbecame s1ow]y»1nhab1téd Ey‘a thin
herbadeous végetatlon commynii&‘over the cerSe of the summer.
This area of tHe bar appeared to be entirely ;overed with current
ripples. although they were partially obscured due to drying of.

the bar surface bj the sun. and by human footprints. These'“

t

°
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ripples were thought to haw& been deposited during khe high
discharge levels that wouuﬁ have been assocrated with the spfing
runoff. This exposed areé of the point bar consisted ‘of sediment
- which appeared éo be meerm-fine saéds. Tge exception to this
‘was proximal to the 1owﬁwatér surface where the sediment was
markedly finer (very f}ﬁe sands/silts?).

The paleocurrent directions oficurrent'ripp]es obtained from
stx locations on the point bar gave an 1ndication of the current
patténn when }He“ﬁén was;;ubmerged during very high d;ﬁcharge
levels. These paleocurrent &1rectlons are 11lustrated 1n Fig. 20
and listed 1n Ta;1e‘06e. A]onguthe point bar. flow appeared to
reu@piy follow the cﬂrvature of tke bar., moving 1n a canstant

downstream d1re;t1on. The paleocu;fent directions were notl _‘
absolutely parallel to'tﬁe tar curvature, as they are bJaséd
s]1ghtﬁy awéy from the channel (Fig. EQ)‘ This characgerist1c4~

was probably the result of cross-channel currents associated with

the helicoidal flow, which would be more intense during high

‘é1schar§es (Jackson, 1975;vBr1dge and Jarvis 1976, 1982). As thes

beginfting of the point bar corresponded roughly to the initial -

development of the helicotdal flow around the meander at low

u s

discharges {cross-section 'F' 1. this would suggest that at high . -

discharges the helix probably becomes generated at a swmilar

location 1n the bend.. No paleocurrent evidence Sf thé“smél[

reverse circulation observed along the right bank in

eross-sections ‘K'“and 'L'. was found on the po1ﬁ{ bar.

“?
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TABLE ONE
SAMPLE  SAMPLE VECTOR VECTOR
SIZE MEAN MAGNITUDE ()

(AZIMUTH) » OF VECTOR MEAN

FEAKAKRKEKELXKEAKRKKE KK AL RAKARANAKRA A KEKAAKR K AKREAKRE RN R A ALK kK

A 50 4.3 ' 95.5
B 50 - 16.4 95.1
c 50 40.6 90.8
E 50 . 24 94.9
£ 50 34.6 90.7
F 50 38.0 91.1 -
G . 50 301.4 95.0
He 50 | 79.1 a4y
,:,:, S : -

) —($ée:abpé{nd1x for circular, histograms of sample

. 'd1§tributidﬁs).
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This may 1ndicate that the deposit constructed by this flow

becomes eroded away during high discharges. or alternatlwgly that
" the reverse ;1rcu1at1on may only_ occir at low discharge 1eve]sjas
Jackson (1975} observed, or it possibly could be a recent
deve1op§gnt to. the flow pattern.
_ Excavations at the paleocurrent sampiing sites and at the

terminus of the point bar (trench A 1in Frg: 21} ‘revealed the
ripple troughs were Type A climmbing ripples (jopllng and Walk;r*
1968. Allen, 1973). The c¢limbing ripples were separated 1into
beds by thin layers of dark brown 'muddy’ sediment. Within these

muddy layers. sporadic stalks and roots of herbaceous vegetation

were found. The thin muddy lavers were thought to represent

vegetattve growt£ that had OCCUFréd when the bar was exposed

during the summer months. This vegetative growth would later be.

buried when sediment was deposited on the bar during'the high

discharge levels associated with the spring runoff. Viewed
- cross-sectionally from the trench at the terminus of the point

bar. both the climbing ripple beds and thé ‘muddy’ ‘tayers dipped |

roughly parallel to the dip of the point bar. This 1ndicated ~

that the point bar was migrating through lateral accret1oh. Bed ‘t:k*\w
thickness at the point bar terminus was observed to be quite .

varlab]é. ag the top two climbing ripple beds at the terminﬁs

were app(ox;mate1y fifteen and forty‘cent1mefres thick. It s

:not.knpwn if a single bed of cllmbﬁng ripples and muddy 1ay¢r

stratigraphically represented an annual accretion-of the point

bar. Possible scouring of the bar surface during high discharge
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levels may well result ;n the partial or total removal of a muddy
layer caustng formation of a very thvek ¢limbing ripple bed.
Thas very.thlck bed could then be falsely interpreted as
representing accretion of a gingle season. As noted above,
considerable variation between climbing ripple beds did exist. - 5
At the terminus of the point par. tren;h1ng“revealed‘a
deposit of cross-laminations approximately fifteen centimetres
thick, that extended down the scarp sliope. This deposit had
obviously formed from the avalanching of sediment down the scarp
siope. The presence of an erasion surface between the climbing
ripple ‘beds and the cross-lamination deposit indicated scouring
'had occurred transversely across the point bar terminus prior to
the deposition of the cross-lqmwnat1ons. Excavation
approxmately 3.5 métres into the point bar term1nus'félled to
expose any other occurrence of such cross-lamination deposits.

The significance of this observation will become apparent 1n the

in the section on the side bars.

ide bars. Along the right bank. two exposed side bars were
located downstream of the point bar. The first side bar
1mmediately downstream of the ﬁownt bar wasws1m11ar to the point
bar in terms of the dip of the bank: sed1hent textU(e. as well ag
being entirely covered :sth current ripples. Paleocyrrent
diréction. of these ripples was obtained from a single sampling
site and produced a vector mean (see Table One) in a roughly
upstream direction (sample G, F1g: 20). Such a d\red}ion
indicates that the current- rippies samp]éd,were deposited 1} a

er

[
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reverse circulation that would have existed during high discharge
levels 1mmediately downstream of the point bar. The development
of the flow separation miz“fe related to the curvature of the
meander . }nd may have been an expansion of the small reverse
circulation observed to the lee of the point bar terminus.
Paleocurrent evidence of reverse circulations along point bars
generated at high discharge levels has been documented in the
11teratﬁre by Davies (1966). Taylor Crook and Woodyer (1971).
e o,
Niller and Stravrakis (1982). 1In all of these cases the reverse
circulation actually occurred on the point bar and not behind an
abrupt termination to the lee of 1t.- ’ “

The existence of this reverse circulation of flow m%y have
also been responsible for the eros10h -surface at the p01ﬁt bar
term1nu3§?ﬁserved between the cross-lamination deposit and the
c¢limbing rypp1e beds. resulting vn the formation of the sieep
§1ope that was observed there. The steepness of the bank and
depth of the channel to the lee of the point bar terminus may
also be 1indicattve of scouring by the reversevc1rculat1on (Fig.
10. crﬁsé-section 'M'). Scaurlngrgi the upstream enh of a
reverse; ¢irculation has been reporfed by D;v1es (1966). He
mentions an erosive contact between current ripples and an
underlying silty clay plhg occurring on a point bar. of the

¥

Mississippt River.

If scouring of the point bar was occurring, then the deposit

of cross-Taminations found at the terminus may only form during

the waning stages of a high water flow when the strength of the-
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reverse circulation was reduced. otherwise they would have been

ero&edkand hence destroyed. The 1;ck of such croés—lamlnatxon
deposits internally in the point bar. may well suggest that the
terminus wés s]ow}y_rétreat1ng through scouring. Had the ‘
cros;—1a&%nat1on deQQ§gt been present it would have indicated a
reactivafion surfage (@bll1nson. 1970} . and there%qfe advancement
of theiterm1nus. The aerial photographs confirm théf ergsion has
occurred 16 this area of the point bar over a cons iderable period
{Fig. 18)9 Comparison of the symmetrical point bar 1ltustrated
1n the 1927 photographs to any of the later photographs shows -
that banFreros16n‘at the terminus hasig;adyal1y been occurring:
//"N~Era§$aq through reverse circulation in this-area of £he bend
15 s1gn1f1ca;§%«g£gause in 1nstances of ﬁjow separation on the
. downstream section of a point bar this 35 expected  to be the area
of maximum deposition along thg nner bank of & meander (Leeder

and Bridges. 1975). This is not meant to mply that no .

ﬁeposition was occurring in the area of the revgrée C1rcu]atlon.
as ihe presence of the climbing ripples on the first side bar
obviously show that it has taken place. Corresponding te this °
“area of maximum deposition, Leeder and Bridges also report that

max1mum erosion would be expected to occur along the opposite

area of the:concave bank. In this study. the area of maximum

deposition along the convex bank was thought to be ;epresentgd by

the sedimentation on the poini bar, upstfeam of the reverse
circulation. Along the concave bank. the siumped area obpoéite

to the point bar clearly represented the area of maximum erosion.
[ , .
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Erosion was occurring along the concave bank downstream of this ‘
‘ . « 7
E)

slumped area. but at a much lower rate. '
[}

Insﬁg;t1on of aerial phBtuﬂ{EBhs of the Nottawasaga\ciye;
upstream of the study site as far as Alliston revealed that the
exposéd portions of numerous ptBer meanders had similaF abrup?
endings to the point bars. Th1§wguggests that the observed
erosional and depositional pattern occuring at high d1schakgés
and was not necessarily a phenomenon restricted to the meander mw

the'study area. But additional field evidence from a meander
g'“’ci-pstrefm of the study site near Baxter Ontario indicated that the
presence of~an abrupt‘term1nét1on of a point bar does not

U i
—aecessarily result 1n this pattern.

At the Baxter site, é*point bar was observe

bar 1tself was much smaller in length, wldth.'an¢ in the area of
freshly déposuted sediment (as represented on the bar as a
areaj. Af the time of observation. the portion of the bar that

- terminated abruptly. was nearly submerged. But this feature
appeared to repre;ent more a bedform deposited upon the bar. than
of actually being a termination of the point bar. Anv flow '
separation associated with- this feature would probably eccur in a
smilar manner to fﬁat observed with current ripples or dunes.
Paleogurrent measurements of (1pp1£ troughs on the exposed
portion OF_th p01nt bar, revealed that the flow. at the time of

fgeposit1on. had roughly followed the curvature of the bar. No

abrupt ending to the point bar analogous to what had been

.
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observed at thesAnqus study reach was present. Thus. at the site
near Baxter different séd1mentary processes seemed to be
operating, as-erosion appeared toﬁhg océUrrlng only along the
left bank. with deposition being restricted to the right bank.
These observations suggest that add1t12:?1 analysis of a number

|
of point bars with similar \orpho1ogica] characteristics should

be undertaken be@ore any models regarding depositicnal and |

‘verbsional patterns be generalized on the Nottawasaga River'.

The second side bar downstream of the point bar wad very
different 1n morphology from the other previousiy discussed bars.
This second bar appeared to be an ex%en51on of the bank. rather
than a deposit on it. The bar had distinctly lower relief than
either the proximal bank. point or side bars. as it grotruded
Jjust above the observed water surface. The grain size over this
s1de bar'appeared t9 be similar to that observed S; the other

=3

bars. A major portion of the exposed area of the bar was

occupied by a sand wave of roughly ten centimeters thickness.

s
.

Current rapples were observed on the back of the sand wave and .

$
produced a pateocurrent direction (see Table One! which i1ndicated

that they had migrated in a downstream direction (sample H. Figq.

20). 1ill|§
dipped 1n ¢

formed from the avalanching of sediment down the Teeside slope of

the sand wave tfat had been transported up the stoss slope as

hing of this sand wave exposed cross-beds that also

downstream direction. These cross-beds had evidentiy
"

current ripples. This sedimentary process was thought to be
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‘active during high discharge levels assoctated with the $pring
rdnoff. . .-
. V %

At high dicharges. the reverse circulation downstream of the
point bar terminus became reattachéh to the bank betwéen the two
side bars causing sediment to again be tranSportéd mn oa -
downétream direction. This was clearly shown by the paleocurrent gam
direction of the second side bar, indicated by ripples on the
sand wave. and of tﬁ; downstream migration of the sand wave
1tself. The existence of the second side bar seemed unusual
‘because 1t was located on what was the concave bank leading 1nto
the hmext meander. Concave bank deposits have been documented by
Woodyer (1975). Hickin 51978. 1979). Page and Nanson (1982) and
Nanson and Page (1983). In all of these cases. the deposit was
associated with depos1tf0n in an area of flow sgparation caused
by the over-steepening of a meander. Indeed. éuch a deposit with
sim1lar characteristics was observed along the Nottawasaga river.
on the concave bank of a tight meander. downstream of a
previously mentioned méander near Baxter. But the downstream
paleocurrent direction of the side bar clearly indicated that 1n
this 1instance the samé’process was not occurring. It may Se
suggestedvthat this side bar was analogous to the large bar
located immediately downstream of the confluence. as:the large

bar was also located on the concave bank stightty upstream of a

meander. But the presence of the large bar was believed to be
- o

e

related to the flow pattern inherited from the Pine Rrver asb1t

X {
entered into the main channel at the confluence. Perths of - 7
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sigmﬁc’ance to the existence of this side bar was the -presence
of a log jam located lmmeaiately downstrean. ’A]hq:gh technrcally
located outside the study reach, 1t was observ;d that u]atera]
acéretion did occur downstream of the log jam, despite the Gfact
S that the area was located®along the concave Bank of a ;n;e-mderA

(i.e. of the succeeding meander to the study area). Hickin
. {1984) discusses the role of log jams and the f Tow ssiparat1on
zones behind them, in the formation of concaver ‘benches. Such a
phenomenon appears to have been oyccurrmg‘ here behind -the log
jam. :

The log jam 1s probably younger than thirteen years old, as
it was present in the 1978 aerial pﬁot‘ggraphs. but not those of
1971. In view of the fact that the second side bar doesn’t

. appear in the 1978 photos. this suggestis that the dgposition
along the downstream end of the right bank of the study area has
been a recent process. Thas‘ procness may well be the beginning of
a new trend 1n the channel migration. as the aer ial photogra_phs
indicate that little apparent change has been occurring in this
area of the meander. The side bar upsiream of fhis']og Jam
appears to t;e part of {the river's response to the presence of the
log jam. (Continued monitoring of this al:ea ofa the bank and other
log jams on the rivergwould undoubtedly provide a better L

>

indication to both the processes and trends 1n operation here.
a M n
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LEME. BANK.

Bar and Bank Deposits at Upstream Section.

Along the l¢ft bank was a large bar at the mouth of thg Pine .
River, and a series of narrower bars were located downstream. At
low discharge levels, these bars had reTat1ver low relief, “ .
Erotrgding just agbve the water surface. Compa%at1§ejy‘}arger
portions of these bars become submgrgéd during the intgrmittent
rises in'd1schérge associated with heavy periods of summer ‘
rainfall thén ogccurred along the lowlying side bar along the .
right bank. ' -

The largest and most prominent bar along the left bank was
thé oﬁe located “immediately at and downstream of the mouth of the

tributary. As discussed in Chapter Four. helicoidal flow at the

conf luence has a major influence on the sedmmentation processes

" that have constructed this bar. This bar was separated by a Jog

from a smaller bar located immediately downstream. The large bar
consisted primari]y of sedimeni which appeared‘fﬁ be medium-fine
sand in texture: ﬁowever. towards the downstream end the sediment
became noticeably finer. The bar was algo co;ered in current
ripples. Unfortunately, the dwrectioh of ripple migration
remains unkrokn. as the sa{urat1on'of the sand prevented

paleoeurrent analysis, and the identity of the lee anhd stoss

%
- sides of the ripples could not be conclusively estab?ished. A

box core revealed that internally the bar consisted of similar

grade sedmment as the bar surface. Layers of humic matter

l
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divided the core intosbeds of yq{jabJé th1tkﬁes§‘ Within the top N
bed very faint Type. A climbing ripplés'cou]g be distinguished. A
Along the submerged margins of the bar, current ripples. actively

.

migrated.

bl

The smaller bars of the left bank were covered with fine - ' : -
sedimentg$1m1iar in texture to the ;edimegg;fouhdrplgng‘tthoutéf'
margins of the point and sidg pars on the right bank. {hé‘ .
sediment appeared tp>be.infthe very fine sand/silt size range.

The saturation of the sediment prevented any paleocgrrent
measurements. Unlike the largé.bar located upstream, thg form of
these bars did not appear to be modified 51gn1f1c?ﬁtly by

increases 1n discharge. The response of these bars to a major
ncrease inv;kscharge that wou]q be associated with the spring . .
runoff is not knan. : b |

Along the left bank, one trench was excavated into the area
of bank hoﬁatéd between the tributary mouth and the cut-off.

This trench.idesignated trench eleven 1n F1g. 21. revealed thick

rhythmi¢ beds of structureless sand. and thin multiple layers of

dark and light E;own~colouréd sand. for most qf the section. Bed

thickness ranged from five to fifteen cm. fér the structuretess

sand., and tolfzve through ten cm. for the dark and light brown

beds. The thickness of an individual bed yaé not constant,

varying in thickness by similar amounts. The contact between‘the

beds was poorly defined. The beds were‘arfanged roughly parallel ad
to the dip of the bank., which 1ndicates that the bénk was |
accreting taterally. In both types of beds the sediment appeafed v

‘ﬁ ‘
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" 'to be fine sand. with the darker layers thought to have been

‘deposited reltatively recently.

- - - . - *
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caused by a large éort1oniof organic matter. Within -some of the -

‘.
-

beyds, fa1ni‘Type A'c]ihbigg'ripp1es-wer¢ observed, oriented 1n an

afproximate downstream direction. This estimation of

paleocurrent-direction indicates that at the time of deposition,

¥

the sediment- was being transported in roughly the downstream

. - v * " .. .
direction. Allen (1963) cl%ss1fies héterogeneous inclined beds

‘of this nature as epsilon crojs-bedding.’

In a trench. designated as trench twelve (Fig. 21).

excavated on the left bank justiupstream of the tributary. '

similar bedding to that observed in trench eleven was exposed;

In this trench, however, the bedding cansisted of sand containing

structures of faint Type A c¢limbing rlpple§.>alternating with

dark brown coloured sand. The dark brown colour of this sand was'

+ I

agaiﬁ attributed to a hﬁgh organic matter content. Roots_were

located sporadicaliy throughout these beds. Numerous strands of

fnylon~f1shing Tine were also observed in the bedding as was a

beer bottle.” These 1after items suggested that the beds had been

- >

In both trenches a thick basal layer of Type A ¢limbing N

l“

ripples was exposed near the water table. This unit did nét
appear to conform wi}h the rhythmicubeds described Rboven
Pé]eocurfent direéi?ons of the ripple marks produced vector means
of 325.6 and 309:4, with vector magnitudes (%) of 97.6 and 91.6.

for trenches eleven and twelve. reSpectively.' These paleocurrent

directions indicate that the sediment had been transported 1n a

*

3
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downstream direction at the time of deposition (Fig. 207.

v

Two additional trenchds. nine and ten, were excévated into
. i i R
the left bank.. Trench ten was located in the lowest area in the

[ i °

cut-off. while trench nine was located on the cut-off terrace.

In both of these trenches, horizontal bedding was exposed. The
bedding expo§ed in trench nine consisted of beds of structurelesé
sediment alternating with beds of dark. brown sediment. Again.
the dark bPowﬁ beds appear to have derived their 6olour from

containing a high percentage of organic matter. The sediment 1n

both beds appeared to be fine sand. Similar to the beds of

trench eleven. the thicknegs of these beds was variable. ranging

from five to ten centimeters. Also contact betwéén the beds was
poorly defined. :No sediaentary structures were observed withiﬁ
any af the beds. therefore no indication of paleocurrent
direction was obtained.

The sediments observed 1n tren;h ten were saturated with
water. which gxyes‘an indication of tﬁe elevation of this area
relative toythe water surface in the.river. 1In this trench, two
beds weré exposed:Athe top bed consisted of avdarkvbrown1sh S%ey
layer, while the underlying layer was dark grey 1; ;o]our anﬁ
contained a large amount of *organic matter. Botﬁ layers .
consisted of sediment in the very fi e saad size range. These
hori1zontal beds 1‘% trenches m‘ne— an};n indicate that ‘vertical
#ccretion was occurring oh the varipus levels of the depres§1on,

The presence of the epsilon cross-bedding along the lgig\

bank indicate that Tateral accret1dﬁ of the chanﬁel was

*

'y ' : ~ .

T
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©° océurrrqg. This accgét1on of the left bank was readily apparent
_from the aerial photographs {Fig. 18). In‘the 1946 and 1953

photographs., the bar iﬁmediate1y downstream of the trdbutary

appears as érspit-11ke form that protruded 1nto the main river

channel. By 1971. sedimentation had occurred behind this
protrusion formingAa large bar that resembles the form of the bar

observed in this study. The 1978 photographs reQealed that this’
% . ' ’
bar had become heavily vegetated. suggesting that stabilization -

of the feature had occurfed. «The thick*units of climbing ripples
. . .

obsefved in the bottoms of trenches eleveh and twelve may well be
bar sediments that became buried beneath the laterally accreting

banks. Corresposding to the accretion of this bank has been the

gradual erosion of the éteed bank” along the opposite side of the

*

river. The erosion was evident by the developing 1nward

curvature to this section of barnk. The thickness of the

¢

vegetation on the bank suggested that erosion has been slow, or 1?‘

that tﬁe bank has recentlydbeen stable. Hésley {1976) has
observed similar dgpositional and erosional characterls;ics 1ﬁ an’
exper iment &l s;udy of channel confluences. In filume runs where a
tributary entered a straight main chan%é]. a bér resembling that
observed in this study, formed on the bank 1mm¥&iately downstream
of the tributary mouth. Also analogous to this study. was the

-

erosion which caused the development of an inward curvature along .
4 -

;the bank opposite to the tributary and bar.

K
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Stumped .Area of Left Bank. *

Along the slumped bank. a Iarge'area of extensive slump1n§

between trenches four and five (see F1g. 21) prevehted” complete

observation.of the bank sedimentology. Thus. the bank \\\%A

sedimentdlogy will be discussed as two sections: section A &
consisting of trenches one. two. three. and four. and section B
consisting of trenches five, six, seven, and eight. Thg upstream

end of Section B 3‘3135‘ separated from the cut-off depression by a

second area of extensive s]umpinﬁ'in the bank. Dlagfams of the

+

‘bank exposures contained 1n the sections A and B, are 1llustrated

in Figs. 22 and 24.  The location of the trenches in the concave
bank ‘are illustrated in Fig. 21. In each of these two sections.

five sedimentary facies were identified by common origin,

<>

structure. and particle size distribution of the sediments.

&

SECTION A. = - .

Facies JA. Facies 1A was a surface facies, i1dentified as a soil

profile, despite the lack of apparent horizon dgve1opment. The
L ¢ L

_iacies was not continuous along the bank. as 1t had been

truncated by facies 2A (Fig. 22). Generally, facies 1A was’
structureless. and had been heavily penetrated by 11v1ngoroots.'
Also contained 1n the facies were large pieces of modern orgénic
matter that had cleariy been buried (e.g. a sawed log was

observed im trench one). The presence of buried organic matter.

such as the sawed log. and the Tack of apparent soil horizon
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i »
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Fine Sand/SHt/Organic Maitter)

Climbing Ripples

5

Convolute Badding

. Rippte Trough Cross Bedding

Structureless Sand

:mluc:.w_ and Cross Bedding

Ripple Troughs

Fig: 22 Diagram showing the mmawam:,nmnw. facies observed

in section A along the left bank.

one to four from right to left,

Trenches are designated

.
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{May be Dipgad Leit or Right)
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Root Laysr :
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Mottling and iron Staining
1

Marl Layer

Shells
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development, suggest that the fafles 1s relatively young 1n age.
Sedimentary structures may well have been present. but have

become masked by pedological development.

-

Facies 2A. Facies 2A was interpreted as a vertical accretion

deposii‘formed during.intermittent overbank discharges. as a

-~

>resultuof the ponding of water on the floodplain surfacé.
Evidence for this 1pterbretation was prov1déa g& the rglatively
,{arge amoqnt—of the si]f/clax.size fract%bqﬁpresent in the v
;ediment. whiéh may pos§}51y represeﬁt*the suspended and .
wash-load of the river (Fig. 23). Such aeposition must have
occurred in rélativé]y stggnant or coﬁfined coﬁditions. since
such fine sediment could not have settled in turbulent waters.
"These conditions may occur during overbank flow 3phd1tions‘as
. ‘&

floodwater could pond on low areas of the floodplain. This

mechdnism would seem to be all the more plausible as the facies

was located in a slight depression on the floodplain (Fig. 22). “

As the facqes’generalﬂy consisteﬁ of ‘atternating layers .of buried
humus and structureless sediment (Fig. 22). the layers of

éedlment would represent tne,actua1»accqet1on, while themhum1c .
layer; are;thought to represent growth of herbaceous vegetation

on the sediment. It'ié not known 1f each sediment and overlying
hﬂmic‘layer denote an individual occurrence of an overbank flow.

The facies was deposifed upon an erosion surface. This
t !

= - ' 8

erosion surfgze could have also-been formed during overbank
"~ discharge levels: water spilling over the bank may erode as it

flows to a lower level ofhthé floodplain. “Sugh featurses -are

-

«k i

-
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Fig. 23 Grain size diagram of sediment gamples obtaigd
from facies 2A, 3A, 4A and 5A. These fac1es_ were observed
in section A of t:he;left bank. .
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known as crevasse gplavs, but are usually associated with rivers
that have 1evees Yet. while no apparent levees were observed on
o .
the study si®™. 1t 1§ possible a slight grade sufficient to allow

erosien to occur mayvhave ex1sted between the river bank and the

tloodplain. This gradient appears to no longer exist as sediment

was being d%posited in the depression with no evidence of erosion

gccurring.
\{N.

*
-

Faciesh3A. Facies 3A was thought to be a cut-off deposit. formed

| e
from a version of river flow. Th{zﬁg::;::;—ii supported by the

Tact thagstﬂe erosion surface between facies :3A and the

—

undérly1ng facies 4A 1n trenches three and four. although
irregular, has the basic outline of a channel.

As illustrated in Fig. 22. facies 3A consisted of a variety

8

of sedwmentary structures. No sedimentary structures indicatlive
B L4

of palepcurrent direction were observed anywhere 1in the facies.

As sedijentarv strugtures indicative of lateral mwgrat1on were

£
not observed. it appears that cut of f was shofﬁ41ved, resu1t1ng
S

from a temporarv avulsion. or partial diversion of the river.

The tack of vegetation:1ayers between the poorly defined dipping

beds in trench three also syggests rapid sedimentation n tﬁas
area of the facies. Along the margins of thé facies whereu
vgbetat10n!sediment rhythm1tes*do occur. sedimentation appears to
have been intermittent. Variat;ons in sedimentary processes
within the cut-off would Hﬁve been reigpns1ble for the changes n

edimentarv structures of the Tacies, observed in the four

sampling trenches. - =\

ES

]
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Facies 44. Facies 4A was interpréted as being a lateral
éccret1on depasi1t formed by the migration of a point bar.
Ev{dence of the this hypotﬁ%sis was the{pfésehce of epsiton ”
cross~bedding. visible by the slightly Hip to the rhythmites lﬁ
french one. ahd the fact that 1t continued downstream along the
concave bank leading into an active poing bar. The slightly -
dipped beds of ripplevtroughs obégrveﬂ ih trench three
(paleocurrent vector mean = 346.6 degrees.” vector magnitude =

94.4-,), appear nearly analogous to the climbing ripples beds that

form the paint bar along the right bank. The only major

diffefence being the climbing sripple deposits was the

<5{%ferent1ation between the individual beds. The erosion surface

between facies 4A and BA. also support this hypothesis. An
anomaly to the migrating bar hypothesis would appear to be- the
ﬁresence of the convolute laminations of trench two.

Convolute lam1éat1ons—afe thought to be formed through
posf‘dep051t1ongl processes in which. the sediment, through «
range of possible mechanisms. becomes distorted. While the
actual circumstances of the formation of the convolute
1amwﬁat1ons of treqch two are not known. some convolute
laminations have been attributed toncurrent ripples being
deformed by the plastic flow of sediment 1n which they were
deposited (Ten Haaf., 1956: Sanders, 1960). Thus. the convolute
laminations in trench two méy have been deposited as current

rippledon a point bar. but the post-depositional environment was

such as to allow distortien of the sediments to occur. If this
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is 1pdeed the case. then the convolute lamination ceases to be an

-

anomaly, and the migrating point bar hypothesis fits the
sediments of facies 4A. - )
Of particular 1nterest in trench one. was the existence of a
layer of mari withié fgg;es 4A. The presence of thevmar]
indicated that within the sequencé 6f point bar accrgtion the \hk‘
depositional environment temporarily changed to one of very low

ntzgerald (1982). 1t appears that the

energy. from am
study site was sujymerged beneath Lake Edenvale during the

Nipissing Grea{;Lakes (see chapter two). The submergence of the

study site by Lake Edenvale. probably Qou]d have s1gn1f1tant]ny
reduced thevf]ow veloctities of the river., great1ng the Tow energy
depositional environment that allowed the marl to form: Terlecky -
{1974) discusses that mar]l may be formed either birochemically or
physiochemically. In which maéner the mar 1 observed in facies 4A

formed was not pursued. although fossiii1zed mollusk shells were -K

observed 1n the marl. The presence of the rhythmites overlying

N 4 .

-—the marl 1ndicates 4 resumption of the point bar accretion caused.

by an increase 1n the depositional environment. This increase

probably occurred with the recession of Lake Edenvale.

Facies 5A. \ , o
Facies 5A 1s thought to represqu an exposure of the

sedimentation associated with the recessi16n of glacial Laké

Algonguin (see chapter two). Although not observed at the studya

site, this 1nterpretat30n i5 based on the fact that upstream of

the study site approximately five km.. similarly textured

i
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r ‘
sediments were observed overlying varved clays.

- —_

v

Facies 5A 15 the underlying facies of the entire section of
sedimént 11lustrated in Fig. 22. The facies was observed 1n a
wide range of sedimentary,structures‘rangwng from structureless

i

sediment., poorly defined horizontal to cross-beds. As 1s eVident“

- in Fig. 23, this facies was the coarsest of the five facies. hl
SECTION B.
aci . Facies 1B was analogous to the so1l profile that was

designated as facires 1A 1n section‘A. Facies 1B was not
continuous along section B, as 1t had been truncated by facies 2B

(Fig. 24) A description of the scil profile will not be repeated

1 this section of the chapter. ‘jgf
Facies 2B. Facies 2B was intrepreted as a vertical accretion

_deposit of similar origin to facies 2A. The two facies were
structurally anaiogous. as both consisfed of pramarily
alternating layers of b;}1ed organic matter and structureless M'
sediment (Fig. 24). Grain size distributions of the facies were
. also swmilar (Figs. 23 and 25). Facies 2B was also located 1n an
depression on -the Tloodplain. and thad been deposited upon an
erosion surface. The extensive 1fght grey area extending from
the teft bank section B in the 1927 aerial photograph (Fig. 18)
may be gne of ghese deposits. - ‘
Laterally. the upstream margin of the facies 2B was Tocated
appro%nmately at trench six, while the downstream margIn wag not

&

%
found. as the facies extended into the extensively slumped area
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GRAIN S1ZE DIAGRAM: CUMULATIVE % VS, PHI

-2 0 H 4 & 8 10
T T i k] ¥

-2 ki 3 ' g 8 10

4
PHI UNITS

Fig. 25. Grain size diagram of sediment.Samples obtained

from facies 2B,

3B,

4B and 5B.

in section B of the left bank.

-

[

These facies were observed

w

3 I
|
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of the bank. The facies had a relatively constant thickness of

f
approxmately one metre.
F

Facies 38. The exact otigin of facies 3B was not known.

Structurally. the facies abpears as large-scale homogeneous
laminations dipping in an upstream direction (Fi1g. 24). Close
inspection of these cross-laminations revealed tha% they were ﬁot
actually laminafions. but rathér inciined ripple troughs. The
vector mean and vector magnituqe of the ripple troughs was
calculated to be 92.9 degrees and éS.li, This vector mean.
indicated that the paleocurreﬁt direction of the ripples had begn
roughlyrperpgndicular to the cross-laminations. moving in a “
direction outward from this ﬁection of the left bank. The
homogeneity of the facies suggests‘that depoéitionAof the factes
had been a continuous-{or nearly continuous) process. Any
extended ha11 to the depositional process Qould be reflected
poégib]y by a change 1n sediment grade. or vegetation layer.
Eontacf.with the underlying facies 4B was not distinct, as the
sedimentary structures of boﬂh facies were very faint.

$he homogeneity of the sediment makes interpretation
difficult. as 1t was not éoss1b1e tb conclusively establish if
the sediment 1s fluvial or aeoiian 1in origin. The p&;sib11ity of
an aeolian origin to the facies 1s significant as sanq dunes are
present in nearby Camp Borden (see chapter two Eoncern1ng the
origin of the sand dunes). The graphic mean and iﬁc1u51ve

graphic standard deviation (Folk and Ward, 1957) of a sample of

the facies {Fig. 25). was compared to a plot of river and dune
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sediments from Friedman (1961). This comparison was inconclusive.

as the sample fel1 n avtr;nsitiona1 zone of the graph: however,

) = the plot was proximmal to the flgvial field on the grapg. The
presence of fragmented,mollusk‘shélfs observed in faéles also 1
does not“concJus1ve1y*estab}1sh a fluvial origin, as they could

have been contained in sediment that had been subsequently

rewarked by Qinds.

Facies 4B. Facies 45 was thought to have been, derived from the
lateral accretion of a river channel. Evidence of this was that
facies 4B was composed -of epstlon cross-bedding slightiy dipped
n an upstream direction (F1g. 247, which 1s 1ndrc$t1veloi;
o . . ;
$)channf1 migration (Allen. 1963). An apparent erosion surface
between the facies: and the,unaerlyihg facies 5B. appears to
indicate that possible scouring by a m;grating cﬁanne1 may have |
;1%Eurred. Although pa}t1cai1y &estroyed by the presence of
facies 2B. the pinching out of the facies at trench five would
" represent the original location or the maximum downstream |
migration of the channel. The upstream dip of the epsilon
cross-bedding indicates that accretion them occurred 1n an
ubstream direction relative to the Nottawasaga River. Nothing 1s
known of the upstream margin of the facies. as it becomes

-

obscured 1n an extensively slumped and vegetated portion of the'
bank. t ’

Given the proximity of the Pine River just upstream, it -
would seem that the rhythm1te§ were derived from upstream ‘

‘ m1gratlon of the tributary. a process that appéars to be
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continuing today (see chapter four). If this facies was related

- fo the m1grat;6h of the tributary, thén the channels of the Pine

and Nottdwasaga rivers were at a higher leve) than today. ¥
A Jlayer of marl was observed within trenches sfx, seven, and

eight. This layer of marl, like that observed in section A,
represents the occurrence of a low energy depositional
env1ronment.“klt was also thought to have formed during the
periodvof the Nipiss;;g Great Lakes when the stuﬁy site was
submerged beneath Lake Edenvale. The presence of the rhythmites

'overlying the mar1 indicates tﬂat an incréase in the deposition

environment has accurred.

Facies §B. As with facies 5A. this faeies was attributed to
rebresenting part of the sedimeﬁtation that occurred in the area
following the recession of glaéial Lake Algonquin. Facies 58
appeaged a5 a wide variety of»sediméhtary structures. ranging
from structureless sediment, tabular crogs-laminations.
large-scale troughs, and climbing ripples (Fig. 24{. General
paleocurrent direction was reugh1yiperpend1cdlar to the bank. in

»

arf easterly direction.

\
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CHAPTER SIX

SCUSSION AND CONCLUSIONS

In determining how representative the flow d;agram (Fig. 11)
was of the current in the river, the two components which form a
flow vector. speed and direction. must be asségsed Separately
from the profiles sampied (Flgs.<12:to 16, and Frg. 19). Flow
direction was found to have a low degree of fluctuation at each
point of measurement throughout the study'reagﬁ! although
direetion did tend to vary slightly closer to the channel bed.

The one exception to this trend_ occurred at the confluence where

@ i

turbulence was obviously quite high. Based on the profiles —
sampled. the flow direction can be assessed as being very well
represented by the vector mean throughout the studyureéth.
Generally, flow speed was found to be fairly well éepresented by
the vector mean eicept in areas of extreme turbulence, for
instance, at the confluence and along the bed in very rap1a]y

flowing water. Turbulent waters. as explained, can result in

erratic measurements of flow speed. which may be represented

¢

poor ly by any calculation of a mean. Providing these areas of

& - -
weakness are recognized, the vector mean was a good

. representation of the flow speeds measured-in the river. The net

assessment 1s that the flow diagram was felt ta be a very good

representation of the flow. so long as one recognizes very

_turb#ilent areas of the river where the 1imitations of the current

meter were significant {or potentially so).
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In most of the profiles measured 1n the study. vectors
‘increased gradually or wereMUnaformly distributed above the bed.
The ve]oc11y profiles 1n these cross;éectlons di1d not
logarithmically increase with greater height above the bed.: In
these instances. the logarithmic distributions would be assumed
to occur at a‘depth below tenvcm. as this was the mimimum depth
measured 1n the river.

In this study, the connectlon between the er051onal and
depositional pattern. and as;oc1ated\cross~phanne1 geometry that
are normally attributed to the ex1stence7§f a helicoidal flow
cel]vat a river meandif, was confirmed. kﬁonf1rmat1on occﬁrred ™
the bends at the mou%h of Pine River, and in the Nottawasaga
River where a helicoidal flow pattern was observed within the
measured vector d1§tn1put1on. At these 1oc;110ns, single and
double cell (of potentially significant "si1ze) helicoidal flow
patterns were observed in the Nottawssaég aéd Pine R{vers *
respectively. suggesting that perhaps both models of helicoidal
flow may be partially correct at raiver bends.

Helicodal f]ow was also present along the portion of the
confluence d1rect1y affected by the waters entering from Pine
R1ver befdare s1gn1$1cant mixing (witg waters of the main channel)
had occurred. In this more complex situation. the presence of
helicoidal flow as apparent from the flow vectors in Fig. Ibfiwas
reflected by the formation of a large bar 1mmediately downstream

of the %ine River mouth. The asymmetry of the Nottawasaga

channel upstream of the conf1uence$;uggests helicoidal flow
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-probably 1ﬁfiuenced the obser&gd ;hannel‘morphology. althaugh
none ex?sted dur ing the period ?f flow measurement. Uve}ethe>f/ﬂ\
pool. helicoidal flow could be observed in the flow diagram, but
the morphology of thais gaftion of-the study reach was thought to“
have arisen from a‘diffe}ent (énd unknown) mechanism. Here the
flow spegds were not fhought to.be sufficient to transport
'sad1meqt. hencg deposition in the pbo] may have been occurring. 4
Thus. 1t would seem the presence of a hel1coidé1 }1ow pattern
gg%s not ensure the formation of the characteristic erosional and

£

depos1t192§l pattern de ésymmetryca1'channel. unless flow speeds
T are 1nten;eyenough to allow scouring of the bed’and the transport
0;’éed1ment‘ 7

Paleacurrent evidence fﬁdh exposed bars and observations of
the river banks have indicated that 1arge-scaie reverse
ci;euTétﬁons along both the concave and convex sides 6f a meander
appear capable of causing bank-. erosion. Thes¢ observations are -
in marked contrast to reports §f re&erse circulatyons being areas
of déposit1on. jintu1t1ve1y, it would seém that the ability of a
reverse circulation toncause scouring bfobab]y depends upon the
flow magnitudes gnd the particli s1zes of the bank sediment.
Erosion occurs if magﬁﬁtudes of the reverse circulation are
suff1c1ént1y high: converglly depositioh results from weak flows.
Aq infgrest1ng queStJon 15 what happens to the. sediments that
have been eroded by the reverse circulation. ‘

Erom the observation of erasional and depositional patterns,

1t 15 poss¥ble to hypothesize near-future trends along the study

.
2

I

o
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reach. Barring some unforeséeng*nf]uence by man or- nature that

k]

a1§ers the observed processes, the mouth of Pine River should

ab

coﬁt1nue 1ts§upstream m]gratlon so long as the f]ow enters ghe
coqf]gence fro@va simw]érly oriented meander. MIn the upgékeam .
section of the study r;a;h the combinat ion of accretion of the
1eft bank and erosion _along the op9051te bank will probab]y '
result in thv1gratmn of the conﬂuence eastward causmg kS
cont inued deve]opmenj to the, inward curvature of the rlght “bank.
Arourid® the bend in the Nottawasaga Rrver, the channel will

probably contlnue to migrate outward through erosion of the left

' -

bank and accret1on ofﬂtne point bar. The presence of the reverse'

circulation aloﬁg the right bank immediateiy downstreamuof 1he

point should prevent SIgnificantkdownstneam’mﬁgraEROn'qf tﬁé’

meqﬁder. It 15 not known exagliy. how Ehe area“ﬁélﬁg‘eroded by

the reverse circulation. al ig the left bank.w1]1‘change with
time. Yet, a similar paftern of erosion should continue to occur

1n the affected area T the bank. so long ds the farge~sca1e

reverse circulation exists at high é1scharge levels. The

bresence of the log Jam along the concave bank n the. downstream
meandér may continue to cause accretion to occur along that bank.
This accretaon may. extend into -the study reach causing cont inued

deposition along the area’ of bank occupied by the second side

-

bar. ’ - iy .

>

“Further areas of study can be identified from th1s

research. The measurement of current and sedxment“transport

< 9

pa;térns at Spr1ng~ discharge levels would provide a bettgrﬂ

.b"



‘utilized in this study).
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understanding of the prqceéses that have had an cbv1ous‘funetion
n the fofmation of the observed channel monhoiogy. but,werel“

inactive during the periodféﬁéompassed by this study.

L3

Paleocurrent measufements of ripple marRs on exgose& bars. while

brovid1ng some 1nformation oﬁ/high di§5birge flqow patterns, are_

L
g

of obviously limited value as they can only cover a partion of
the channei. Considerable caution must be exercwse? befgge any.
such study sheuld be undertaken as turbulence may -potentially

cause stab111ty problems with a small moored boat (11ke the one

h -

. N -

" i 1 Aa -
Reverse circulationg are clearly anlarea of flow that needs

!

1
to be studied in more deta1]‘ as they have been shown to be

<

&

capab]e of. erodwng banks thereby effect1rg channel m1grat10n

The possible.effects of a log jam in thé depos1t1on of sed1ment
|

upon the goncave bank of the bend 1mmed1ate1y ﬁownstream of the‘

study reach has been a]luded to in the text The long term .
, :

observation of this sectlon of the r1veT wou]d show how the FIVEFA

reacts to such an obstructien. 1nf0rmatpon that wculd be .
- ’ 1 r

) ] “ ‘ '
potentially valuable to any bank—shur1ng projects p]&nned by- man.
In conclusion thrs study has shoyn that very detalled -

medsurements of flow around a river beAd are feas1b]e and can
o

yield high rewards for geomorpholog1st5. Continued deta1ﬂed

' - -
studies of river bends will produce a}better understanding of
§ ‘ "
' N . - » * .
bend processes and controls. Ult1mat%1y. the more details that
- ‘ - =

- . . i . "
are accumulated on river meandering, Qhe more precise fluvial -

s o : i
it .‘

s

ﬁ
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models will bé. as a hode] can only be as good as the assumption§

8

_ e s -

and ‘variables on which 1t is constructed.

) .
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APPENDIX A

The vector means calculated from each set of sixty-four

currefit-measurements obtained over the study reach, are listed

-

in the succeeding tables. e .

ev

—in

Profile  eg. Al;156-D=25

A1 - Indicates that the measurements represented
by the vector mean were obtained along
crogs=-saction 'A', profile one (see Fig. 1w
for- location)

156 « Azimuth of lubber line of boat

D=2% - Depth from water surface that measurements
were recorded .

Azimuth - Direction of vector mean relative to True North -
Speed «. Speed component of vector mean

X - X' component of vector mean

Y - "Y' component of vector mean .
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A2yrag=pztas 317,00
A331482-08%5 319.00
A33142=0z2% 321,04
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-32,37
35,40
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-11,60

=13.88
-13,35%
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APPENDIX B -

In Appendix B are circulag higtograms of current ripple
paleocurrent measurements oﬁtained at various sites aloné
the river bank.l The current nistograms‘labelled AtoH
correspond to theisamﬁ;é sites on the point and side bags
along the. right bank (Fig. 21). The ripple troughs observedJ
in facles la éﬁd 3B are represented by the circular histograms

,f”n I and J. Circular histograms K and L represent the current

ripples observed in the basal unit of trenches eleven and

twelves
§
Key '
: n
N=50 - Indivates the sample zonsisted of ’

firty current ripples

V MN240.6 - The vector mean of the samples equals
40,6 degrees

V MG=90.8% - The vector magnitude of the sample
was 90.8%

\
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