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\« ABSTRACT

Thls geographlc study of the Weed Lreek basln

* provides further detalls concerning the post- glac1al his-

tory of the North Saskatchewan river system. It examines

and ana&yses terrace distribution within the basin and

correlates the terraces with those of Whitemud Creek and
o

the North Saskatchewan Rlver in the Edmonton a;ea.

A The reglon s Upper Cretaceous bedrock is gverliin
by a varlety of fluviatile and Laurentide glatial and
giecioiﬁgcustrine‘deposits an which chernozemic end ﬁod-
zoiic soiis are developing under a parkland vegetation end

¢

agcontinental«climafe.
The;e ere four cyclic terraces in the basin; all

are aepoeitional and alldvial in character. The terrace

levels, Ieeer, middle, uﬁper and higher, were differeﬁtiated{. ;

on the bases of cont1nu1ty, mapping, and percentage-helght

analysis of former bedload- bedrock contacts and\terrace .

‘tread surfaces thus avoiding the prbblems of.using ab-

solute-height data.

! A vegional correlation with the Whitemud*CreeiAaqd

the North Saekatcﬁewen valley‘terracee in the Edmonton area

.is proposed. The existence of a hiéher terface is confirmed.

An ext;act bison scapula from the lower terrace level was

dated at 2765190 14C yr BP W1th the middle, upper and hlgher

te;races belng older. The,dlfference in the.absolute date

A |

Al

-V -
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obtained for'§he Iower terrace here compared with those of
the North Saskatchewan is due to the time;iag réquired to
devéidp terraces in tributaries following baseleVel lower-
ing of trunk streesms. These changes in baselevel of the

North Saskatchewan have been the principal controls effect-

ing the development of Weed Creek.

N
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INTRODUCTION

W)
Inve tlgatlons 1nto the fluvial geomorphblogy of

émall watersheds in Alberta are rare. McPherson (1968)
dlscovered that few studiss exist which describe the
hlstorlcal evolution and landform assemblages of the &vyer
valleys in Western Canada. Exceptions to these are
McPherson (1966, 1968), Stalker (1968), Westqatc (1969),

,and\Raiﬁs (1969).

chewan Rlver system in the Edmontan area.and the reglon s
pPost-glacial hlstory. The study deals with the develop-

ment of g post-glacial geomorphlc chronology of the Weed

Cxaek ba51n through detalled analysis of 1ts terraces and
. other gaomorphlc and geoioglc features. |

¢
The main obgectlves are:

L

1. To measure certain valley landfurm features and

7

:characterlqtlcs of the Weed Creek ba81n-

2. To 1nterpret the post-glac1al geomorphic hlstory

A
1

of the ba81n° and
3. To examine correlations with the Whltemud b581n

and the North Saskatchewan river 1n the Edmonton

" area,



The inter-connecting nature of wWestgate's (i969)
study oﬁ the North Saskatchewan riQer near Edmonton and
.Ral;.n_'s (1969) analysis in the Whitemud ‘basin, will add to
the knowledge of the major regional ggomorphic chronology.

The Weed Greek and Whitemud basins are of similar
size arid are both tributaries of tH; North Saskatchewan

river. They should therefors possess morphologic simi-

larities.



CHAPTER 1

THE STUDY AREA

Hséd Creek is a south bank tributary of the North
Saskatchewan river entering the main stream approximately
eleéven miles west of Devoﬁ, near’Edmonton,,Alberta (Fig.h
1:1). The ninety-five square mile Weed Creek basin lies
on the western frinée of the Eastern Alberta Plains (Atlas
of Alberta, 1969). The basin is bounded by 113°45' -
114°15" W, longitude, and 53°00' - 53°32' N, latitude, and
con51sts of townshlps 45~ - 51 from the wast half of range
26 west of é%e 4th meridian westward to range 2 west of
the 5th meridian. The sixteen mile long basin, ten miles
across at its widest part, is crossed by Highway 39 which
leads to Calmar. Thorsby is the only large settlement

within the basin.
el

Geology"

Bedrock in the area is mainly Upper Cretaceous
Edmonton formatlon (Taylor, Mathews and Kupsch, 1964),
Sediments of this formation consist of_soft, grey to
white-weathering, friable fgldspathic sandstone, bentonitic
silt, bentonic beds, and grey\gpd brown sHZles; coal Heds‘.
and carbﬁnaceous shales_and nodJIbr ironstone beds are
common (Williams and Berg, 1964). A number of researchers

(Allan and Sanderson, 1945; Ower, 1960; Srivasta;a and

«

» ’
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~ Binda,1968; Irish, 1970) have subdivided the Edmonton
Formation into many sfratigraphic units (Table 1:1),
Eliott (1960) suggests a twofold subdivision using the
Kneehills tuff zone as the most reliably date;ble_and
continuous ma;kerf The Kneehills tuff is a'hard, uniform,
massive and very fine-grained volcanic ash bed that ﬁarks
the end of thetMaestichtiaHEBtage of the Upper Cretaceous
(Ritchie, 1960). The Tertiary Paskapoo Formatlon (Taylor,
Mathews and Kupsch 1964) outcroﬁs at several spots mainly
in the southwestern section of the study area (Ozoray,
1972), and coﬁsists of fluvial and lacustrine deposits of
wassive, buff, soft and hard sandstenﬁ\gnd grey and green,
friable, normally silty shales.

Bedrock stratigraphy, type and topography are
important in any study of flgvial geomorphology since they
control to a very large exteﬁt.the rate of stream down-
cutting. The bedrock topagraphy (Fig. 1:2) depicts the
preglacial drainage pattern in the area. The eastern
tributaries of the present Weed Creek basin now pccupy
the pregiacial Weed Creek valley (hereafter designated the
preglacial Thorsby thalweg). The mainistfeam of the
present Weed Creek basin cuts acrbss the divide of the
.southern tributary of theApreglacial Warberg thalweg and
the preglacial Thorsby thalQeg;- Only in the northernmost

extent does the present stream follow the old preglacial

- Thorsby thalweg.



-TABLE 1:1. SUBDIVISIUNS UF TERTIARY AND
CRETACEULUS BEDRUCK

after Allan after ‘ after
and Sanderson Lwer (1960) Srivastava Irish (1969)
(1945) ' (1568)
Paskapoo Paskapoo Paskapéo
Formation. Formation Formation Paskapoo
Nevis b
o .
Upper . member HH
- member E Formation | 53
Edmonton iiamal- 1 HE
. . oo
bearing oz
member - o
5 .-
a , - Blackmud Battle
g Kneehills o c member Formation
q S | member D a
D | tuff zone 9 » Whitemud ~Whitemud-
q £ member , Forma?ion
______ 0 ‘ ‘
. : Coaly | 3
L oaly
S liiddle membex C member E
o .
c Edmonton c ‘ Tolman-
£ Pt & member c
34 E, gl -8 H. h‘
ﬁ&umheller £ : 5 . c orseshoe
~ . O { member B g | Drumheller | ©
marine “ o member 5 | '
tongue / W - o Canyon
-~ =~ 7] )
o~ Non-coaly Formation
membexr . -
Low
. ower Coaly
Edmonton . member
- memper A
e ' Transition
. 3 " member




§3° 27N

e o \North- .
i

\
’
-

Paskapoo bind Edmonton
Formation .

*Paskapoo Fotm\tﬁon v
Edmonton Formotioy, Owtcrops

il 53° 00N .
N ssw
(miles) .
/_/_% . Rivers and Creeks " M . Bedrock Contour
AN o © " Kneehils To O Sy
L N neehills Tolt Outcrop *ve:}
Pegglacial Bedrock Channels '
X L4
@  Lakes . I : _
: - Figure 1:2 Bedrock Topography of Study Area
Source: Forvolen, 1963 m;dCuﬁon‘ wn ‘ B A /'/ ¢

-



Overlying the bedrock are the fluviatile Saskatchewan
Sands and GravelS.thhese are mainly quertzite with the
Rdcky Mountains being the most likely source (Antonjuk,
1954) McConnell (1885) believed the deposits to be of
‘ﬂiocene-Quatarnary age, but\Tyrreil (1886) thought they
were derived from Mlocene conglomerates. Westgate and
Bayrock (1964), and Hestgate (1969), dated them as Plels@p-
cene based on periglacial structures and faunal remains,
Bayrock and Berg (1966) state that they are associated
witﬁ?mdre than one period of deposition and ?rosion but
are definitely of pregle;ial origin and Pleistocene in ags.
Berg (1969) found that radiocarbon/dating of wood in the
sands and gravels gave dates older than 35,000 years BP
(Geochron Laboratorxes GX-0106 and GX- 0210). Further, a
recent dlscovery of a vertebra of a Bison spec1es ‘indi-
.cates that the deposit is not older than U18c0n81n {Berg,
'1969). “ | ’ “

The surficial geology of the’study erea is displeyed
in Flgure 1:3. There are probably two tills in the area.
RBayrock and Berg (1966) believe that only one till of
Wlsconsxn age covers the area but observed a colour\change

l

aat about 20 fest depth from brown to grey, and found 1enses%
of stratzfled sand and gravel representlng washlng of i
glacial debrls by runnlng water. Westgate (1969), found
two dxstinct tllls in the Edmonton area separated by

stratified sands up to 40 feet thick. Rains (1969),

.
yel



the basis of till fabric and colour,.édistinguié‘hed two
xilis in the Whitemud basin area imm?ﬁf;tely e;st of the
"Weed Cresk basin."Though till£d08510ccur in fhé Weed Cresk
basin, no attempf was made.to analyse the deposits.

The northern part of the study area (Fig. 1:3) is
veneered with lacustrine deposits from the former Lake
Edmonton (Bayrock and Hughes, 1962; Hughes, 1958) These
deposits overlie the tills in the area. Just~aouth of the
North Saskatchewan River, the lacustrire deposits are.
overlain in sections by.Early North Saskatchewan river
alluvium (Bayrock and Hughes, 1962). Relief in the north
is level to undulating; in the south it is rolling to hilly
due to the surface expressian of till in the form of hum-
chk& deaq-ice moraine (Fig. 1:3)(Bayrock and Hughes, 1962;
Bowser, 1962; Lindsay et al, 1968; McPherson and Kathal,

1973)._

‘Climate o

The climate of the area;rw1th relatlvely warm
summers and cold w1nters, is contlnental with Dfc désxgna-'
tlon in the Koppen-Gelger c18881f1cat10n (Strahler, 1969).
The mean January, April, July and Dctober temperatures
(1931-1960) are 6°-8°F, 38°-40°F, 60°-62°F and 40°F,
respectlvely, and the average number of degree days above
42°F is 2100 2300 (Atlas of Alberta, 1969). Thorsby has

!
a mean annual temperature of 36.2 °F (Longley, 1968).~ The
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annual average precipitatioh (1931—1960) ie 18.- 20 inches
with snowfall being 50 - 60 inches (Atlae of Alberta, 1969)
Rain makes up 70 percent of all precxpltatlon.‘.The
Chinook, an Alberta wxbter phenomenon, does, at tlmes,'
affect central Alberta where a 40 fFarenheit degrEe rise

in temperature WIthln 10 minutes is’poesible;‘the'opoosite:
shift, when Arctic eir maesed'in the ﬁorth~west Territories
pours southward, can be Just as dramatlc (Longley, 1967).

' Temperature and pr861p1t8t10n patterne are zmportent since
they reflect the runoff, stream-flow, eroszon and vegeta-
tlve'patternsf In the Whltemud ‘basin, with 1ts similar
isubdued rellef ermllar to that of the Weed Creek basin,
Erxleben (1972) found that the ylelds of surface runoff
~from snoumelt and .flash flows varied with den91ty and type-
of vegetetlve cover. Runoff yields and flash flows were
hlghest in crop and 1mproved pasture eectlons- somewhat
less in summer fallow sectlons and loweet in forested and

s -7

partly forested sections,

‘-Soilg nd- Vegetatlon

In the south section’ of Ueed Creek b351n, tlll and *
the Paekapoo formatlon are preeent and 1n the north sec-
tlon, lecustrlne er081ts and the Edmonton Formation prevall

wrth some tlll. The 80118 are ma1n1y Chernozemrc yOrthic:

Black and Dark Grey) 1nd1cat1ve of a grassland

“and POdZDllC (Grey WDoded and Dark Grey Woo Bd) deplctlng :
9 .

—

1l
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a Boreal forest.fnyironment. Small sections of Solonetzic
(Black, Grey anJVSolodized) Soils are also present,
.Pockets of Organic Soils occur in depressions and alluvial
Regoaols arefféﬁnd‘mainly along the stream angd river
banké,“(Lindsay’g; al, 1968). East of the 5t meridian, ,

Bowser et giﬁkl962), describe similar Soils which algg -

-brasses in the ares are primarily rough fescue. The tree /(3

sites. Maq;wwild fruits exist--raspberry, chokecherry,
séskatgon orrgérvicébérry and Pincherry, The coniferé are
ﬁainly whitg ;ndéglack Spruce, jack pine and_lodgepo;e pine,
MoSses are hainly spaghnﬁm. {Labrador tea i§ the principie
sh;ub growiﬁé in the bogs.which,.in additioﬁ, have wiilow,
ngpf birch;;nd alder growing aroung tse edges (Lindsay

, giléi, 19685. Moss (1955), noting the presence of
cﬁergégéhic‘sgilg throughout tbe aspen parkland, believed

Y

that; for a considerahle portion of Holocene time, grass

~

must.have heen the dominant vegetation. He further poztu~

lated that,~as a result of climatic and periodic burning,

groves of aspen'popiar have become established here in.

Lo
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comp{?atively recent times., The Indian tfiben, of
western prai¥ies’and parkland area seem Probably to have
set fire to the grasslands and this was witnessed by the
early missionariés and homesteaders in the region‘(Bird and
Bird, 1967), |

, This broad belt of parkland is one of nature's
battl;grounds (Bird’and Bird, 1967). Apparently, vegetative
stability coulq not have been maintained in-this area, and |
continual flux between forest and grassland plant commu-
nities has probably occurred. This has significance for
any interpretation of postglacial erosion and deposition
history because éhanges in vegetation, for whatever cause,
will have been partly responsible for stream regimen changes

and debris load fluctuations (Rains, 1969)."

Previous Geomorgh}C'Studlgs

Palliser (1857-1860) ih’his Observative Explération
of North America was attraéted'by tﬁe riVer‘tegraces;

‘Until we approach close to the mountains these e
terrace deposits are confined to the valley of {%@.
‘the larger streams, but gradually they spread a
out, and at last cover the whole country along
the base of the mountains, filling up the hollows
~and. valleys of the outer ranges- to the depth of
several hundred feet. This feature was observed

: at-‘every point where we approached- the mountains’
from the east,. from the 49th parallquhdrthwaxd }

,( p' 67-}-‘)70/ »
He measured tarrace'lévels iq\mény ofytﬁé larger rivers
and found four térra;es in the North Sdskatchewan river.

I
-
3

a
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,‘*tbnear Rookx Mountain House at 25, 70, lBOLand 300 feet

‘above mean stream level, Put made no attempt at deiing or

analysing. them. . .

McPherson (1970) observed what he believed to be a

series of dlBCOﬂtanOUB and non-paired terraces in the North'

3Saskatcheuan river between Saakatchewan Brldge and the
Clive river. Thé ‘maximum number of levels he- identified
at any one location was four., The highest level was 175
feet and the lougat was 13 feet above the present flood-
plazn. A charcéel layer found in the .same area, at the
helght of 18 feet above\the pxesgnt flcodplaln, has been
.radio~carbon dated at 9330 IZQ ldC yr BP (Nestgate and
Drelmanls 1967). NcPh@rSQn consequently-datea the ter-~
.races above 18 feet a; being older thaﬁ 93302170 years BP,
Westgate (1969) observed four terrace levels along
the North Saskatchewan river in the Eémonton area, #but
/only completed detailed work on the lower two terraces.
The average helght of t;e terraces are 25, .65, 105 and 150
feat. He dates the 25 fout 'terrace at 5 = 8500 years

'BP based on faunal remalns, volcanlc ash - (Mazema) and a

paleosol,» The 65 foot terrace he dates at 10 - ll 000

gJyBBIS BP based on flnd1ngs of almxlaq'?aunal remains with

g
Stalker s (1968) 65 foot terrace near Cochrane, Alberta.
Rains (1969) distinguished thres terrace levels
-(upper, mlddle, and lower) in the Uhltemud b331n with a

p0381ble fourth hlgher level deposxt ;Ha&dﬁchvered no

: \ ./. <

15.



16.

©

faunal remains or other dateable artifacts byt was able

to correlate his middle and lower terraces with Westgate's
(1969) two lower terraceé on the basis &5f height and
continuity. The lower and middle terraces of the Whitemud
basin exhibit a fining upwards sequence of deposits but

the upper two terraces vary from this pattern.

‘ Methodology of Research

Terraces.are useful as guides to interpret the
geolégic and géomorpﬁgc histary qf a region, They represent
thé effects of river responses to tectonic or qlimatic
changes or bofd; interspersed with periods of stability.

The periods of change’and stability produce an alternatiﬁg
aggradation and deg:adation sequence from which the river,
:ith its changiﬁg regimes, cuts.and shapes its terraces.

A factor offmajor iﬁpbrtance that affeﬁfs the development
of terraces is the geology of the river basin (Culling,
1957). The type of bedrock or surficial matter will affect
the rate. of eroslon, rlver loads .and sediments, channel

and valley ‘gradients and profiles through time,

Terraces are fot alwayageasily recognized and lo-

By

cated. " To develop a reliable chronology usually requires

f;eld and.laboratory work. The distribution of terrace B
heights along the longitudinal profile of the river basin

"and the establishmen% of their paired or unpai{ed character

must Be determined. Inﬂqfdgf that these heights be of any

te

meaning, a sequence of éontinuity must also be developed



(Johnson, 1944) Fpnbxﬂuxty is the baslc criterion of
terrace corrulaéxona.\ Terrace helghts of fairly equal

altltude abova stream lev%l must display a pattern of

cont1nu1ty along the valley as well soc that terraces formed

at different times can be distinguished from each other.
This is important since differing rates of erosion or
deposition of colluvium on terrace remnants may lead to
misinterpretation of terrace levels. Also, isolated flqt
spurs or terraces, paired Ar unpaired, mesy be produced at
irregular points creating such a complexit& thét height
analysis alone may not allow correlation and development
of a rellable terrdce chronology (Leonard and Frye, 1954).
To avoid this, certain additional criteria must be fol=-

lowed to strengthen the sequence of continuity (Leopold,

-

~

Wolman and Miller, 1964). . These criteria are: -

1. Stratigraphic discontinuities betwsen ferracep

-~ fills;

2. Particle-size?éﬁalysis of terrace dapo§;t37

3. Piffarences invprimary and secondary structures;

4, The presence of artifacts, fossil fauna and
flora, paleosols and é;osf features; and

3. Physiographié relﬁtiqn to other landforms--
adjacent hills, morqines, oldAlake beds, etc.

This is important since the fima sequenge, rate, quantity

and extent of.aégradationvand degradation may result in

inset or overlabping relations of.varying_valley fills

¢

17.
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e
from which the terraces mayAbe cut.
The method of research hlnged on the use of al£
Photos (scale 1": 2640'), The photos were used extenslvely
in the pre-field planning and in preparlng a8 series of
overlay maps of the basin; the/ﬂfin morphological features
Were delineated prior to field work. . The Photos were also
" used extensively in Plotting the lipear positions of
terraces along the channel of the present stream. The
Planimetric plotting of the various terraces ang other
channel forms was achieved through the stereoscopic viewing
of the a%r photos and height measurements were made with
@ stereometer. Thqﬂﬁieldwork involved measurements of

the stream gradient and the long’and'cross-valley profile
.measurements of terrace. and bedrock heights. J[hese heights
were taken ‘along the present stream channel using it as a
.base measure. The theodollte was used in determlnlng
gradients and cross-valley pr;flles and the Abney level
(inclinometer) was used for terrace and bedrock height
'maasurements: A few terrace gravels, lying on bedrock,
werg sampled But no sand, s;lt and clay dep091ts were
Sampled due to tha lack of time available to complete thisg
aspect of the field r‘earch adequately. Soils along the
stream are mainly regosols and no attempt was made to
analyse them. Statistical tests and graphs have been used

in the differentiation, groLplng angéplottlng of the

terrace and. bedrock heights. A hypsometrlc curve analysis




is presented for relief and basin development comparlsons
with the Whitemud basin. finally, ;n extinct blson scapula
was found in the deposlts of one terrace and has been
radlo-carbon dated at 2765-90 14C yr BP., . This provides an

absolute date for one terrace and assists in the regional

analy81s.

19.



CHAPTER I1I .
- DEVELOPMENT AND CURRELATION OF RIVER TERRACES

Terraces are topographic platforms, benches,*lreads,
flats or -steps in river valleys that usually represent

former levels of the valley floor or floodplain (Howard

etA
et Aa

nl, l968)ﬂ Thex‘may be located at more-or-less constant
elevations above toe present floodplain or stream channel,
In cross-section, terraces aro'usually separated by rises
or scarps (for purposes of this thesis, the term 'terrace!
will include both the scarp and tread features). The_lower
terraces are usually long aod continuous, sometimes ex-

tending upstream or downstream for hundreds of feet; the

upper terraces are usually isplated and dlscontlnuous

_ remnants.

The contrnulty -of a glven surface along the valley
and an assoc1ated tendency for terrace remnants to occur

at a uniform helght above the present stream is a prlmary
C
criterion for correlation (Leopold et al 1964) but for

]

correlation to be adequate and moQ% reliable, the geologic

oT stratigraphic'structure.bf the terraces should be studied

(Frye and Leonaxd, 1954).
The literature an terrace format;on is not only
voluminous but authors differ in theixr descrlptﬂ@p of such

landforms based on e1ther external cauaes, mode of formation

- 20 -



- Or geologic structure, THough problems prevail, one.

- thing is certain,.that 8 particular landforn develops from

similar geomorphic Processes irrespective of the *region
where those processes éie ér have been active. Ip the |
Western Canadian plaihs, the North Saékatchawan‘River valley
has been formed since the melting of the last u;sconsin icé
(Westgaté, 1969). In the Edmonton area, fpur‘weil developed
terrace levels can be observed. The ﬁ?éd’treek basin also
displays several well-deveIOped terraces. .Being a tﬁi-
butary of the North'Saskafdhewan, its terraces shouid
reflgct,qdirectly or in&ireétly, the idfluenceg of its_

trunk stream.

-’

o

Causes of Ter;acevFormatlon o

Leopold gt al (1964) state that two fundaméntal' AN
controls, climatic and teétonic, are responsible for
terracé development., A fhird, base-level coﬁtrol, may}be
alsoc considered since_it is not alwéyg directly dependant

on the other two. Gilbert (lBB?)lnoted that the direct

posed to the direct influences (Quinn, 1957). Langbein ang .

Schumm (1958? absarved that in a

© e.chigh-relief (humig) regicn, with a decrease
. in discharge (headwater precipitation), there ig
an increase in erosion on the slopes, dbwnuto=a

N

4
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limit of about 10 - 24 1nches, because of the
dlscontlnuous vegetation qoverage (see Flg. 2:1).
Below this’ 1imit further decrease in precipita-
tion re ts in decreasing erosion until both
variables)reach zero, Uownstream of the head-
water are€a, beyond a certain 'neutral point'
there will be an inverse rule: in a humiid
regime sedlmentatlon rises with decreasing ,
precipitation. Ip. ‘regions of extreme aridity
(less than 10 inches), a rise in Precipitation
,1ncreases the erosion At that point, but still
lncreases the sedlmentatlon downstream, unless .
the stream enters g high rainfall belt,. (Fair-
brrdge 1968, )

-

o

‘Now if an a ternatlhg eequence of aggradation and

| degradatlon proceeZes within a stream, caused by climatic'

"changes, takss place, each over a con81derable length of
time,- many terraces of varylng helghts may be formed. In.‘
the North Saskatchewan River basin, such‘a sequence could

J

3 have taken place.

Tectonfc Control

B

Tectonlc act1v1ty s;mply is the deformatlon of the
earth's crust For such activity to effect terrace forma-
tion, the heav1ng of the earth'e crust should cause mlnlmum.
rock deformation even when Upllft 1s at a maxlmum. Th;s
7k1nd of tectonic movement is known as Cymatogeny (K;ng,
1959). If it takes. place in an alternatlng sequence of
'pOSltlve (up) and negatlve (down) movements, terraces can

IS . N . : N

be formed ‘ o Wl

k4 ’

Also, tectonic actrvrty due to 1sostat1c rebound

could have, caused terrace formatzbn. Farrenq.(1968) indi-'
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cates that areas covered by the greatest thlcknesses of-

ice dur;ng glaecial times are experﬁenc1ng the greatest
amount of post-glacial isostatic rebound." The extant_of
rebound.d?pends mainly on the denéity and thicknéss of‘thel
ice sheet (Flint 1971). Flint further states th if the
Laurentléb ice shest reached maximum thlcknesses 55‘3 km
‘(l.BB-m;les), basining and subsequent uplift in central
areas should approximate 1 km (D 63 mlles). The rebound
of such magnitude could 1n1tlate terrace formatlon in rlver

) 7
valleys. o ZI

'~ Base-Lavel Conirol.

/J

Base-level is the downward limit of valley deepenzng‘

or. the level below whlch a stream cannot erode. The flood-aux .
plain, which subsequently becomes a terrace, of a given o
epoch is related t& base-level. Terraces reflect varia- .
tions 'in base level and stream energy, two pafamétérs |
which may change'independentl& or together (Culling, 1957).

» Where base-level fluctuations are in response to
climatic changes, terrace forﬁation‘directlj'controlled
by Ease level movements such as in a tfib;tary valley,
will be formed synchronously with the terraces of its @
trunk stream. As the stream level of ‘the main valley |
aggrades and degrades, with cllmatlc change, bu1ld1ng ter-

races, it contxols the base-level flUCtUEtlonS of the -

tributary stream. The Weed Creek basin and itsﬁtrunk



~8tream; the North Saskatchewan River, havé‘this relation-
ship. JTributary streams should have the same number'qf
terragg levels as the main valley and be compa;able in
mode of formation and geolagic structure. Figure 2:2

shows such an idealgzed condition.

Other Causes of River Terrace Formation

Uther factors beside climate,‘tectonic and ;gse-
level factors can cause'terrace formétidn. They are:

(1) stream Piracy (Crosby, 1937,‘-(2) Vegétation removal
by non-climatic meane, (3) Movement of extraneous materzal
(Cotton, 1940 Frye and Leonard, 1954~ Crampton, 1969,
thter,and.Mllas,:l973); and ﬁ4) Man 1ndqcad (Born and
Ritter, 1970) | | | |

There is no ev;dence of stream plracy in the Weed
Creek basxn. Vegetatlon removal by non-cllmatlc means
)

such as, lightnlng f}re§ probably has been very, isolated

‘and q%‘ﬁinimai iﬁfluenbe within the basin. Mavgment of
extfane§US'matErial-AEQIluvial and solifluction acfioh--;
.is, progably present within tha ba91n but such depos;ts are
'most llkely along the back walls of the Qfgher and - older
‘terraces whlch are somewhat removed from the stream channel
eNo evzdance of colluv1al or sollfluctlon movément was
noted in the; terrace stratlgraphles along the present
stream. Man induced effects have been res%rlcted to

e

‘graZLng and some grain growing wh;ch have minimum effects

25,
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~©en erosion rates. .No major project that courdo@nitiate.

terrace formation, such as damming, has been undertaken.

Types of Riygg'Terraces

Cyelic Terraces;‘ Lyclzc terraces are formed when a stream

or river uhlch hes been in grade' for a long perlod of
time builds a floodplaln by lateral and vertlcal accretzon.
Grade,‘es defined by Mackln (1948) is" "a- state in whlch
over a per;od of yeare, slope is dellcately adJusted to

"provade, with avellable dlscharge and w1th prevelllng chen-

Cnel characterlstlce, Just the "’ veloc1ty requ1red for the

- ©

',traneportation of - the lodd, supplled fr?m the dralnage
2b851n. | If after an epoch of etream stablllty one of the
'lhydraullc con%rols ef the stream 1s made to change, it
beecomes ungraded','result;ng 1n rapld degradatlon, then
_‘the floodpla1n becomee 1nc1sed '1; abandoeed and two
ﬂ_teraeces, on\epp031te szdee of thekvelley, of eqUal
"elevatlon are formed Ln any sangle eplsode of etabllxty,_

;the river dees net contlnually cut downwa:d but malntalns

e kznd of equ1llbr1um as 1t sw;ngs laterally, w1den1ng

“'1the valley at the level now rEpresentlng that ep;sode

”_(Leoppld et al 1964) A repetltlan of %hls cycle in

’tlme woulﬂ produce equai altltudlnal tw;n-terraces at’

, .

";SUCCBSSIVBly loﬁer elevatlons wlthln t%e valley. Terra&bs

3 1

»formed thle wey are celled cycllc (Cotton, 1940, 1948)

'or perred (Leopold et al, 1964)., ‘ ;‘ﬂ

o
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Some characteristics of'cyalchtarracea are their
laterally Opposing’positions of roughly equal elevatlon/
and flat horizontal tread surfaces; longltudlnal terraces
or related channel gradients which are Toughly parallel to
the present stream profile; and an even thickness of allu-
viael terrace deposits on bedrock.(cdlling, 1957).

Rains (1969) indicated fhat possibly three maJor
alternating perlods of degradaalon and aggradatlon took

Place in the North Saskatchewan River vallay. Théjcycllc

nature af the whltemud Creek terraces was based on such a

ich controlled its base- level fluctuatlons.

sequence
The Whifemud basin 1\\also 8 north flowlng tributary of

. the NpETth Saskatchewan Rlver valley. Some cyclic features .
.

Ngh-C clic Terraces. Non-cyclic terraces are formed whan
latively Slowly degrading stream, i.a., ane in shifting
‘@quilibrium (Mackin; 1948), still has the energy to erode

of aacrete latarally. The floodplaln that is formed 1s

not level in cross-aectlon but slopes downward from one

side of the vallay to the other. Each sﬁcceedlng lateral
swlng of the stream Past a particular p01nt will be at g

5‘succead1ng lower elevation thus produc1ng a floodplaln

a\:that has . two sﬁrfaces each at opp051te s;das of the

fstream, at. unequal elevatlon and both sloping downward

from the valley sides towards the stream channel. Subse-



i

Sands, Silts, and Clays . . % o

Kng
Py Stream Gravels

[:' Bedrock

Figure 2:3  Cyclic Terraces. (Depositional type )

”

Figure 2:4 Non-Cyclic Terraces
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[

Ment of jits channel (Meckin, 1948) and leave terraces of -
Unequal altitude on Opposite sides of the stream., These

terraces are calleg non-cyclic (Cotton, 1940) or unpaired

"~terraces (f rye and Leonard, 1954; Leopold et al, 1964)g

Non-cyclic terraces usually reflect sloﬁ'continual~te;§onié

uplift or isostatic rebound. Both these Processes have

> -~

€« - . .
been minimal or Non-existent in the Weed Creek basin and
such non-cyclic terraces are rare, fig. 2:4 depicts .some

Non-cyclic terrace features,

Erosional angd Uepositional Terraces, These terraces may
====2200nal and —== ~Erraces

fé either cyclic or non-cyclic but are differentiated by .
their‘intefnal structure. _érosiOnal te&races are formed
mainly when a rive¥ meanders‘from One-side of itg floogz
plain to the other eroding la%erally into the bédrock

valléy slopeé or into the remains of one or more earlier

, 3 |
deposits (e.g., till) or alquium (Howard et al, 1968),

‘terrace fi1], These terréﬁesAhave been called terraces
fbf deStruction((Mégee, 1891), cut terraces (Leopold et al,

1964), scour terraces (Gooding, 1957), or Just eroded

excavations of’valley'fill or alluVium'previously depdsited

by the stream., Alluviatign in any one gross cycle ig

n
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likely fo pass through a coarse, medium and fine gradation
from bottom %o‘top; in detail, the valley fill may include
many small lenses, each cross-bedded from bottom to fop
as in the cése of either a meandering stream or a braided
stream or in the case‘of overbank discharge paréllel bedding
a s

may appear (Howard et gi,'l968). These depositional ter-
races have been called 'térraces of construction' (Magee,
189l,~p.’256) or 'fill terraces' (Leopold et al, 1964;
Zeigler, 1958).

Though erosional terraces can‘either-be cyclic or

non-cyclic, the alternating succession of aggradation and

degradation processes in the North Saskatchewan Rive

-

valley suggests that its terraces and those of its tribu-
taries are probably depositional in nature, fFigs 2:3 shows

-

an idealized strétigraphy of a depositional terrace.

Terrace Geology. The géology of terraces usually indi-

cates the kind of process involved in their formation.

Two such types are of pertinence: (a) Rock terraces, and

(b) Alluvial terraces. Rock terraces are maifly qf'the .
erosional type, cut in bedrock and usually veneered with

a layer of forﬁe;_flood-plain alluvium (Thornbury,,l§69).

These features are sometimes.called 'strath' -terraces

’

(Cotton, 1940).
Alluvial terraces are formed completély“of fiyer
alluvium or some othgr fill (e,g:, till). These teriaces

are mogt common but léss likely to be ﬁreservedvdue to

32.
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their low resistance to erosion. A special kind of
alluvial terrace isAthe 'rock defended terrace'. Usually
a. layer of alluvium is preserved from eggsion by the resis-
_tance of ﬁﬁé underlying bedrock to stream action. The
bedrock unit may or may not have been previously cut,
‘shaped or erodéd by the stream. The Weed Creek terraces

éppear to be of the alluvial type.

~

Correlation of River Terraces

In appreising the correlation of stream terraces,
the height and continuity distf&butién along the river
should be considered (Leopold et al, 1964). In-aédition,
the genesis and geologic sfructure of the terraces are of
vital importance. If there has been a history of alter-
nating fluvial aggrédation and degradatiod, -such as has

. ) . o
been proposed for the North Saskatchewan River valley and

-

its tributafiés (Rains, 1969; Westgate, 1969), terraces
should devélop et different levels. If there are only one .
or two levels with widely spaced intervals, and with the
gontinuitonf-each level well preserved, then the separafion
between levels would not be difficult. ;ntauch a situ-
ation, the geometr§\9f height and con}inuity may serve as

a very reliable méasu:e for correlatipn. But few suéh
straight-forward énd~simple C?SES'EX;St. The vertical

may be small thus

interval between several terrace le

causing a less permissible height variation for each



level. Also the preservation of terreces may be poor -
causing dlfflcultlee in determlnlng the contlnulty pattern.
Because of such problems, correlation baaed on height

and continuity alane may sometlmes be unreliable. Frye

and Leonard (1954) have shown by examples in the Smoky

Hill river, Kansas, how colluvium and pediments can create
false terraces or mask existing ones whose presence can,

in most cases, only be determined by thezr stratlgraphy.

Gooding (1957) considers the internal geologlc structure

of terraces as one of the criteria for differentiating -

terrace types. He indicates- the importance of dlffarentlar
ting between types of terraces, i.e., erosional anq'
deposltlonal, when attempting to relate them to the
climatic and gaomorphicvhistery of a region. Ideally, a
geolbgic sequence and genesis is also needed for terrace
corfeéetion. ’ /// :

' The base-level control of the Weed Creek terraces
seggests that they may be of cyclic origin divided into
perhaps two or three dlfferent levels. If 80, there will
be a tendency for helghts to group around their respectlve
mean levels with a scarcity of helghts grouping around
the midpo%nts eetween the means. The existence of such a
pattern would provide a safisfactory statistical basis for
correlation by height, Bedrock and terrace heights may .
be suitably grouped but dispersion and graphic fechniques

may not provide adequate separation.

34.
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Correlatlon of térrace levels may be adequate if
restrléted to the partlcular study.basin, but the inter-
relationship of terraces between tg; study b351n and other
basins in the same watershed could prov1de an added and
reliable dimension fo;\buzldlng a sound correlatlon. Such
8 condition exists between the Weed Creek basin and the
Whitemud and North Saskatchewan River valley, near Edmon-
ton. A positive method of correlating terraces in two or
more different valleys is to trace them Uﬂtll they merge
‘at a valley junction or Join a slmllar terrace in a trunk
valley to which the valleys are tributary (Thornbury,

1969). This method, however, is not the only one suitable

for mult1ple~valley terrace correlation. If cyclic ter-

formed, there is no prima- fac;e ev1dence that 51mllar ter- -
race heights and Profiles will exist between the ba51ns.‘

Also the stream b891ns may not all be of similar size. o
But as Culllng (1957) points out, cycllc formed terraces , v¥ '
usually have longltudlnal _Profiles which are roughly ‘
Parallel each to its own present stream and have an even
thickness of alluvial depos;ts on bedrock though poSSlbly
dlfferent from valley to valley. I%%B be;ng the case,

f% there should e*ist'anlequal ndhber of tErrace'levéls witﬁ;n
each valley and ;hese terrace levels should hear an equal

height-percéntagel relatlonshlp to the max;mum incision

£

»
lHeight-percentage is the percentage height of a
terrace: or terrace level to that of the max1mum valley depth,
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depth‘of its respective valley; Palred terraces within
one valley will group around its respectlve means: whereas
Paired terraces ulthln several adjacent baalns w;ll group
around- their respective he;ghtfpercentage means for each
terrace level ~within the region. Though the mean helght
of a particular terrace level withiw one basrn may be
different from that of another or other baalns, 1rres-
pective of size, the terrace levels herght-pé&centage

means of all the ba51ns should bear a close slmllarrty.

&

Causes for Differences in Terrace Hel hts
Lauses =itlerences ~£lrace Heights
of a Partlcular eve; . '

- Many writers have referred’ to correlated terrace N

@

levels as the 10, 20, or 30 foot terrace level. ‘Thig

1

nomenclature causes problems because terraces of any'ter-

‘race level usually vary in helght above the present channel
e

(Howard 1359), and nature” rarely fashlons terraces or

€

other forms with-such prec191on( Johnson, 1944) Terrace

levels should each have a partlcular helght range where

terraces falling into that height range could be desxgnated‘

to that particular leyel. Hiight varlatlons w1th1n a

36.

particular ferrace evel are the rule and not the exceptlon. :

Such variations are due to minor changes 1n the equrl;-

brium conditions of the stream system where a change in

‘one of the hydraulic factors causes a response in. the

othera in order to acquire a new equ;llbrrum state. At
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least seveo conditions cause variations in terrace height
of a particular terrace level. They are as follows: |
(1) Meander cut off - khich causes an increase in
stream gradient inrthat section o{fihe stream resulting in
'degradation. A graphic representation is shown in Fig, 2:6.,
(2) A depositional terrace that is partly eroded
inﬁeections (called 'ledges' by W.M, Davis, 1902). Davis
stétes,that<‘the frequentiswinging of -the meander belt
from side to side during the slow degradation of the valley
floor requires that the discovery of every 'ledge' lying
well within the belt of wanoering should be made soon after
the stream has degraded the valley floor.to the level of
the ledge top." (Fig, 2:7) . |
(3) Knickpoint recession (Culling, 1957). A graphic
representation serves as an adequate explanation. ‘(fig.“Z:B)
| (4) Height differences between the cut bank ter-
race and slip-off slope ierrace (Cotton, 1948). Fig. 2:9
is self-explanatory. .
(5) Effects of tribufaryleﬁtrance to the trunk ' _/‘
'stream1throu6h alluvial fan deposits, |
-(6) Overldpping of terrace levels wherevfloods from
:the former lower terrace level stream inundates sectlons
of the 1mmedlately higher level terrace.’

(7) Differences in gradlents of terrace and present

stream longltudznal profiles which are not always parallel PR

because of local varlances 1n bedrock resistance (FQE% and

Leonard, 1954). ,See Fig; 2: 10, -
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Continuity

Brely equallv distributed along e
valley (Joh' i: ‘f ‘A). Iﬁe premise confinuiry is based
‘on is that d }lperiod of relative.etebility,the
streem forme;* :eodplain which was more-or-less contin-
uous along the illey (qeve). Succeeding degradation and
the building ov ';ether'floodplain at a loher;level_may
partly or c0mplL i y eliminate and orlglnal level. lhe
degree of destr'fm;on of the terrace ievel or levels will
-very depending—qﬁ"the agefand type of terraces. Thus,

terrace remnants ’5i'be fairly continuous along the valley,
_as is usually th; ¥ for young or recently formed ter-

races, or may r'i'in.only as iselated patches as is ex-
pected. for older rgrraces. furthernore, the prebability{
of older hlgher terraces belng pfeserved is less than the
younger lower terraces sxmply because of the greater age
of the hrgher terraces. Terraces mgy ‘appear on both sides
of the valley opposxng each other and at the same helght,
or may occur sometimes on one sxde and sometlmes on the
other but each dlsplaced,upstream~or downstream fromlone

another.

If only one or two terrace levels exist, correlation
by cont1nu1ty may not be difficult but. where many levels
exist, then the continuity of levels becomes dlffacult to

funravel_without some knowledge of their geology,' Con-

tinuity pattexns are usually displayed in.planimetric or



. terrace height measurements dlfflcUlt. In small water-;

% TR

K pold et al 1964) : The water eurface level of the present ’

o
=D

. . b
LT e 3
LA : " N\

.

N L 'A;__Terrace Heighta_f. L
'ff“wi', The problem of determlnlng helght levels lles in

f

'°Tha ex1et1ng floodplaxn may,prov1de 8 reaaonable base for

\*’ N

'and contlnuoue eurface.‘ howe@er, the floodplazn w;ll not

l

'alwaye be present along every‘seotlon of the stream maklng

3.

sheds, as An b891ns where the terrace 1ntervale are of a

short 1me duratlon, 1t may be drfflcult to dlStlﬂgUlSh

between the floodplaln and the lower terrace level (Leo-

) - \J(

,stream, becauee of 1ts cont1nu0us nature, prbv1des a very

A o
reliable datum from whlch to measure terrace héights, :
» 7\\

 times of measurement ehould avold flood and hlgh water

L4

a relatlvely constant relatlonshlp to former terrace lev-f

proflle 15 parallel to the prev1ous levei prolee or :“

ments can be taken ang rechecked
It is 1mportant 1n terrace helght meesurement to

determlne what sectron of the terrace to meaeure. Theo

"

terrace edge--tread front--;e not always su1table, since

- c 8

measurlng terrace halghts where 1t 15 a relatlvely 12vel f'.

= -

g

]stages-» Floodplaln and terrace helghts both appear to bear
&ls (Johnson, 1944) and whether or not the present streamv‘

'proflles,,lt is a contlnuoua surface from whlch measureg;l'

41,

) dECldlng frcm whlch datum to meaeure the terrece elevatlons.;{"'
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.it may be erodasd, and the rear of the terrace tread may
be covered with colluvium (Frye and Leonard, 1954). The
most reliable surfaces to measure are the former related
bedrock;cut and channel-gravel eurfaces along the present
stream channel.“ Where these are not vislble or ‘exposed,

“then the terrace tread fronts can be used (Johnson,‘1944)
The presence of relatlvely constant thlc%hesses of allu<
vial deposlts of the terraces Hlll strengthen such a.

5

, ch01ce.
. N . - . . . i ! Ve

There‘ere instancas when the longitudinal terrace

profrles dlffer drastlcally from each other and the present

N stream. In SUch a ‘cass, the former stream proflles of the

related terrace levels should be’ reconstructed 1f passrble.

o .

“Lempold (et al 1964) suggests that if the terraces are in
pelrs, 1 8., remnants -on each s;de ‘of the véalley, planes
on each are: projected to an 1nta¢sect10n.‘ When the plane,

\'\/ . ' .
of = single terrace intersectslthe far side of the valley,

or where the two planes from oppq51t9651des 1nterse§% is_'

@/

considered the lowest elevation at whlch the river: coulg,
$! 14

have been flowing when 1t formed ‘the floodplain that later

became the terrace»surface. Thls method of reconstructlng o

'.previous profiles can be supplemented by con31der1ngapld

- meander channel scars, bedrock and stream éravel heightsl
If previous profiles are reconstructed, then the basis far

acorrelatlon is strengthened and terrace heights can be

. related not only to the present stream level but‘alsa to

previous stream levels,

42,
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Once terraces have been classified by cause, mode
of formation and géolbgic stﬁuctufa, then terrace corre-
lation caﬁ be further estébliahad by continuity and height
analysis._, Only then should a chronology be suggested.

‘Correlation and chronology assist in the unraveling of

the qenmnrphic-hisfory of the region concerned.

!



CHAPTER 111

DESERIPTiUN AND ANALYSIS OF THE WEED CREEK TERRACES

¢

The description and analysis of the Weed Creek
“terraces ére drawn from investigation of their longitudinal
distribution along the present stream profile, planimetric
distribﬁtion and mapping, and several cross-valley pro-
files. The investigation and reconstruction of the longi-
fudinal terrace distr;bution included plots of the terréce
tread heights above their adjacent water levels and-bedrock
or gravel heights wherever these were exposed.aboVeﬁtheir;
adjacent water levels. The planimetric distribution and 7~
mapping of their terraces were compiled from stereoscopic
interpra}ation of aerial photographs and field investi-
gation of the longitudinal terrace height distributign.
Complete planimetric field checking was not attempted due
to the presénce of the fhick forest understory in some of
_fhese areas not cleared for ﬁasture or agriculture, The.
cross-valley profiles show the horizontal and lateral
attitude of many of the terraces. Simple statisfical'
tests have been'useé in differentiating the terrace levels
in the Weed Creek basin_and in comparing them with those

of Whitemud basin and the North Séskatchewan\in the Ed-

.monton area. .

- 44 - .



brouping and Differentiation.gi the Jerrace Levels

Creek basin 18 convex upwards with gome sectiaons showing
8 concavity. The concave sections are .found mainly below

knick-points (Fig, 3:1), Dispersion diagrams of the bed.

. rock, gravel and terréce heights, 88 measured along the

stream channel from jits mouth to Thorsby (Fig. 3:2), were

made and studied, byt no évident pattern of grouping was

discernible. There are four probable reasons for this:

first, either the bedrock-gravel surfaces and the terraces

are non-cyclic; or second, the varying differences in.depth'

of the valley between its mouth and Thorsby hag masked the
péttegp; or third, a combinatidn of the above two reasons;
or fourth, the Tange of amplitude between the terraces jig
too small to show using this parficular technique.

| The problem jis whether the terraces with their
bedrock and gravel heights are-of cyclic or nan-cyclic
origin., The Proposed hypothesis will be that they are
cyclic. The bedrock heights between Cross-valley profiles
4 to 8 (Figs. 3:1 and 3:2) were thep grouped._ This was
done-since the valley dépth between ihase cross-vailey
prq;iles i; fairly constant (Fig. 3:1).1 |

The data is presented in the form of a histogram

45,
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O )
(Fig. 3:3). The range of each interval jig approximately 7,

The 6.5-13 and 0-6.5 intervals are sub-divided into two
equal sub-}ntervala. The data‘diSplays a grouﬁing pattern
in the 41-4g8, 27-34, 13-20 and 3.25-9.75 intervals. Using
the histogram as g guide; four bedrock intervals were de-
limited. The bedrock percentage height intervals are
45-52, 26-36, 17-22, and 2,.5-10. (Table 3:1) ~’\\\

TABLE 3:1, Grouping of Bedrock Percentage-Heights
Between Cross-Valley Profiles 4 to 8

Quuuvouo

10

Groups: \
-1 2 3 4 5 6 7 8
% Ht % Ht % Ht % Ht % Ht % Ht % Ht %Ht
45-52 37-45 - 27-37 22-27 17-22 12-17 5-12 0-5
45.0 39.5 33.2 - 17.5 15.1 .0 4.0
45.9 41.2 28.7 18.3 12.0 5.0 3.0
49.8 : 27.0 16.8 14,0 9.7 4.0
51.1 28.0 «19.8 11.8 7.0 3.0
‘ 31.0 18.6 14.5 1.2 3.0
29.8 17.5 14.1 6.0 3.5
26.6 19.9 14.3 8.0 4.0
28.5 17.2 11.5 9.5 4.
- 17.5 12.3 5.5 2.
21,1 14.6 6.0 4.
* 22.6 B.6 4.
22.4 5.0 2.
21,9 8.0 3.
16.8 10.0 4.
8.0
. 8.0
9.1
- 5.‘0'
5.0
6.0
11.0
11.0 -
10.6
Totals: _
4 2 B - 14 23 14




Number of Bedrock heights

Intervals ( Percentage height )

4855 41.48 34.4) 27-34 20.27 13.20 6.5.13 04.5
N o]
\} b
q g I ™o
WY A
b o
&
20¢

T b AL

*

&

Figure 3:3 Histogram of Bedrock Percentage Heights -
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The average thicknesses of alluvial deposits
rglated with each bedrock interval were then c’alculated.2
The average thickness of the alluvial depaaits are T.4
‘_fee;, 6.7 faet,-6;3 feet and 6.3 feet for the bedrock
perééﬁtage'height intervals 45 - 52, 27 - 37, 17 - 22 and
2.5‘-710, fespectively. When these average alluvial de-
Apoéit heigﬁt; are co;verted and added ta the bedrock per-
centage-height ihtérvals, the resultiné percentage-height
teiracés Elu;£e2~ar9qnd the four-intervals 68 - T7.3,

44- 56, 30.7 - 37.3, and 11 -.21.3.

In orde; f;: thesélintervals to have any meaning
in terrace correlatioﬁ, theunon;cluatergd intervals should
be similak in range.qrAlargéE than the clustered intervals.

This fact is borne out in the non-clustered intervals of

57 - 67, 38 - 43, and 22 - 30, where the ranges are &ap-

1S

prokimaﬁely”of.¢he;samé magnitude as the clustered terrace

' inter;als, The Héed Créek tqrracesitaﬁd to group around
'fouf levels as’d%limitad qppva and for purposes of this
 £hesis,:$ha}l5e designated the lower, middle, Qpper and
higﬁerlte;;écb levélé. & |
,'Féf the mean tglﬁkqess;s,of the alluvial deposits
to be representa}ive; #heir stan&axd deviation aﬁéuld'be

" spall., The means'and'tﬁeinfstandard deviations are pre-

senigd in Table 3:2. The standard deviation is indeed

7.

ZThe individual thicknesses of alluvial deposits
above exposed bedrock sections along the stream channel
from its mouth to Thorsby were used in the calculation. )

[y

' L

50.



S1.

less than 3; the highe; intervhl ig jyst above 3 at 3.109,

TABLE 3:2, Mean and Standard Deviation 6f the
Terrace Alluvial Deposits

Standard *—:Fib
Terrace Leve] Mean 2Feet) _ Deréa;i?n UnizmH:§gg:8' -
Lower , 6.28 -~ 2.184 46
Middile 6.31 2.218 29
Upper 6.73 2.659 15
Higher " . T.41 J.109 -

the Whitemud basin, A section of Comparable dimension to
the Weed Creek basin, between Cross-valley profiles 4 to 8,
' (

was chosen (fig, 3:4), Percentage—height intervals for the

The intervals for the higﬁer, Upper, middle and lower ter.
races, as éalculated, are 66 - 73, 45 - 5?, 30 ~ 38 and
13.6 22, respectively; :The tlose similarities of ;hé in-
tefvals tO‘thoge‘oflthe Weed Creekkbas;n are very evident
(Table 3:3), |

TABLE J:3. Comparisan of the Weed Creek and
' ‘Whitemud Creek Terrace Percentage Heights

Levels _
Basins Lower Middle Upper Higher
Weed Creek M - 21 031237 4. 56 68 - 73

' Whitemug | 13 - 22 30-38 45-57 45 - 74
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Even the range of 5 - 10 feet for the average thickness of
the Whitemud teriace deposits (Rains, 1969) bear similar
proportions to the Weed Creek terrace deposlts.

The clustered levels of the Weed Creek basin, along
with the fairly constant tﬁicknesses of the alluvial de-
posits tentatively suggest:that the correlating pattern-of
the.terraces are cyclic. This suggestion is strengthene%
Considering the levels were derived from the dispersion
pattern of the very reliablé bed}ock heights. The close
similarity between the Whitemud cyclic terrace intervals
and the Needyéreek terrace intervals, further strengthen
the suggestion when it is noted that the Whitemud and Weed

Creek basins are of comparable size and have developed

under similar geomorphic, geologic and climatic conditions,

!

Further leferent;atlon of Terrace Levels

--Statigtical Tests

The dispersidn diagram procedure suggested a probable
non-81gn1f1cant difference between the terrace levels of
the Weed Creek and Whitemud b881n8, i.e., a suggestlon of

good probability that the terraces of the two basinS'ére.

not significantly different in their percentage-height'

‘relationship. This can be further clarified. with a hzgher

‘degree of confidence by employlng the Student-t test.' It

provides  an Index--t, which rEpresents the relationship of
the difference betwsen two means, The Index--t can then

be referred to prepared tables or a graph from which the

»

53.
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degéee of significance of the difference can be asssssed
(Gregory, 1971). If the Student t exceeds the value de-
rlved from the prepared tables or graph, then the means

end the samples they represent are significantly different;

i

1f the Student~t falls below the value--null hypothesis--

M

it .does not conclusively prove a similarity between the
‘means but suggests a high degree of probability that the

‘jmeans and their samples are not significantly different.

The "mean'! * =(§:3 X ), 'standard deviation'(' 2(’( =1 )
n

 an% the 'best estimate' of the S.D,GTAV‘J were. then

calculated for each terrace }evel in both the,Weed Creek .

¢
B

and Whitemud basins (Table 3:4).

Eight cross-valley profiles were also produced at

T;aiYing intervals. along the valley (Fig. 3:1 and 3:2).

Terrace tread percentage heights were delimited for the

'é. .
4

sectlon between cross-valley profiles 4 to 8, were grouped
." I *l
fon the baSlS of the levels deslgnated and used in the

; %Btétlstlcal tests.

5?‘1 A Student t test was then talculated to compare the

'.i

dlfferences between the means of the related levels, The

Aj Student t’is expressed by the equathn.

(1)

a and-nb are the respect;ve,

U
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1.

2.

3.

(s

4. wx X-VAL
WK X<VAL

S. WTD vs, wk (67)we

wTD ve., wk X-VAL

6. WK (5)1)ese

1. WK (67) vs
(L.s.)

55.

chls"de. Maan, Stendarg bavxatxon, best Lotimate
d

of Standard Devistion - Weed (reek an
Whitemud {reek Terroces

Best Eatimate Beat Eotinagte
Standard of Standarg Standerd of Standarg
Levels Mean Deviation Deviation v8 Mean Veviation Uevint1On

Higher g.g 2.708 3.028 69.0 7.091 7.437
Upper 52.4 4.167 4.370 50.1 4.853 5.024
Middle 32.g 2.521
Lower 18.2 2.563

WD ive. wx X-VAL . 69.6 6.032 6.965
(R.5,)

¥TU ve. Wk x-va_ Higher 68.7 8.076 8.723
Uppep 4.167 4.370 49,7 4.717 4.9a7

Middle 32.g 2.52]1 2.645 32.9 5.657 6.000

Lower 18.2 2.563 2.688 16.9 4.486 4.705

(L.S.) vs, Higher 68.7 8.076 8.723 69.6 6.032 . 6.956

(R.S.) Upper 49.7 a.711- 4.9a7 51.3 5.770 6.663

Middle 329 5,657 6.000 3.7 5.474 5.741

Lower 16.9

Higher 6g,9 . 5.4 | B.602 9.617

Upperx 52.4 4.167 4.370 48.9 6.043 6.271

Middle 32,4 2.521 2.645 31.6 4.629 4.707

Lowsr 18.2 2.563 2.688 13.6 6.259 6.30
ve. WID  Higher 68.9 2.708 . 3.028

Upper 52.4 4.167 4.370 48.9 6.043 6.271

Middle . 32.8 2.521 2.645 31.6 4.629
Lower )

Higher . .72 75.4 8.902 9.617
Upper X 4a.7171 . 4.941 ¢ 48.9 6.043 - 6.271
Middle 2.9 ‘5,657

Lower 16.9 4,486

WK X-VAL

B. WK (51) vs. wx X~VAL Highay . 75.4 B.602 9.617

(L.s.)

Upper 49.7 4.717 4,947 48.9 6.043 6.271
Middle 32.9 5.657 6.000 31.6 . 4.707
Lower 16.9 4.486

9. WK (67) va. wk X~VAL Higher 69.6 - v 75.4 6.602 9.617
(R.S.)

Upper 51.3 5.770 6.663 48.9 6.043 6,271
Middle 31.7 5.474
Lower 18.3 4.89Q:

10, wk (s57) ve. WK X_VAL Higher 75.4 8.602 9.617
(R.5.) Upper 51, 5.770 6.663 48.9 6.043 6.271
Middle 3177 . 5.474 S.7141 3.6 4,629 4.707
Lower 18,9 4.890 s 13.6 6,259 6.306
11, wk (s1, L.5.) vs, Higher - - - - ~ - -
WK X-VAL (L.s.) Upper . 49,7 a4.717 4.947 47.0 5.703
Midole 329 5.657 6.000 32.3
9 .

* WTD
- WK
X=VAL
B.s,
R.S,
L.s.

WK (51, R.5.) vs. igl - - - -
WK X-VAL (L.5.) Upper 49, 7 4.7117 4.947 51,4 5.976

WK (51, R.5.} vs. - - &
WK X~VAL (R.5.) " Upper 51.3 5.770 6.663 51.4 5.976
Middle J1., $.474 5.741
Lower .
WK {51, L,S.) ve. i L _ -
WK X-VAL (R.5.) Upper 51.3 5.770 6.663 . 47.0 5-703 6.097
Middle 1.7 5.474 - 5.741 32 4.740 B

15. WK (51, L.5.) v, Higher . - . z - -

WK (51, R.S.) Upper 49.7 4.717 4.%47 S51.4 5.976 6.54¢
Middle 32.9 5.657 6.000 31.2.

Lower 16.9 ‘4.486

WHITEMUD TERRACES ** All Terrace Measurements
WEED CREEK TERRACES B e ALl Targ.ca Measuremeants
CROSS~VALLEY PROFILE TERRACES : Except Those Less Than, <
BOTH SIDES 9% of Valley Depth .
RIGHT SIpe . . ¥
LEFT SIpe . X .




the Weed Creek cross-valley proflle mean terrece heights.
The significance or non-gignificance of the values are pre-
sented in Table 3: 5.

‘ For all the comparisons (Table 3: 5) the null hy-
)Uuh&SlS was accepted, i.e., the means.compared were not
sigeificantly differentt with the lower lewel means be- '
. tween the Whltemud terraces and the Weed Creek terraces
(67)(No. 5-—Tah;e 3:5) and the lower level means between
Weed Creek terraces (67) and the Weed Creek Cross-valley
profile terraces (right sxde)(No. 9--Table 3:5) being the
»exceptlons, |

The significant difference between the lower level

means--Table 3:5, Nos. 5 and 9--can be explained. The

9 percent of the full valley depth. The terrace heights
less than 9 pecent are.all situated in that part of fhe-
- Stream between the mouth and- Cross-valley profile No. 4
(Figs. 3:1 and 3 2). 1n this section of the Stream, the
longltudlnal gradient isg consxderably steeper than the
l?est of the proflle. ThlS’lS prabably due'tb~ei§ber
rejuvenation taklng place or a hlgher rate of downcutting
caused by a dlfference in the geology ‘of _the basin; re-

member this 15 tﬁe Beéction of the stream. that is colnclden-

5
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tal with the preglacial Thorsby thalweg. Also, no signi-

. ficant difference is observed wheﬁ the Weed Creek terraces
(51) 'are compared with the Whitemud terra’cesiﬂ(Table 3:5,

No. 6) and the Weed Creek cross-valley profile terraces
(Table 3:5, No. 8). Cons'equently, the terraces in tsis . )
section of the stream should either not fit or only par- |
tially fit i@ the’ designated terrace levels. @

>The section between knickpoints 1 and 2 (Fig. 3:1)
appears to be-the most stable part of the valley which
incluaes the cross-valley profiles 4 ~ 8,

The results of Table 3:5 strongly suggest cyclic sig-
nificance of the Weed Creek terraces and a close similarity
with the cyclic terraces of the Whitemud basin. The narmal
distribution of the Weed Creek alluvial aeposit thickness
implies even thicknesses of these deposits in.three of the
terrace levels and as such satisfies one of fhe added cri-
teria for cyclic terrace development. These deposit thiék-

nesses also bear a close similarity with the Whitemud

~

5

terrace deposits.

In most cases observed aldng the stream c¢hannel,
élluvial deposits were seen in tQF upper se;tions bf‘the
terraces. Ffrom the photos of thexétudy area (p. 78), it
- can be seen that the upper sections of the terraces are
alluvial and as sucﬁ are of thevdlluviai sub-group. Along
the cleariy cut terrace banks, coarse strgam gxavéls wefe
observed lying above~shérply defined bedrock levels.

The alluvial deposits, though not sampled in detatil,



7

showed & fining upwards of sands, silts and clays in almost
. \ ‘
every field plot observed. The sands in many cases were

‘rippled, 1ndlcat1ve of deposition by a fairly fast flowing

stream and the silts angd clays portrayed a vertical ac-
creted chara;ter which is representétive of deposits laid
down in standing or very slow moving waters. Alsd, no
evidence along the stream chaﬁnel of 8 thin veneer of
contemporaneous gravels or alluvium on the tread surfaces
was observed to indicate_a‘differegée in cycle to that of

the main terrace fills. AIl this suggests that the terraces

are Depositional.

Bedrock and Terrace Height Plots

Bedrock and terrace 'heights between cross-valley
profiles 4 to 8 were plotted based on the present éfréam'
profile (Figs. 3:5,1, 3:5.2, 3:6.1 and 3:6.2). The figures
show left and right bank distributions. Terrace and old
channel heights from the cross-valley profiles were added
and, actual alluvial ;eposit thicknesses were also added
(to some of the bedrock heightsj andg symbollzed The
bedrock and terrace levels are mean values, each depicting
an upper and lower limit. » m

From observations of the bédrock height d%agrams,
the designated groupings of the heights are graphiéally

displayed. ° Four other points can be further observed..

Some terrace tread surfaces which fall within a particular

59.
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L
5

level have their related bedrock heights within thé next

7

.lower- bedrock level, showing-theQ35;s€bnce of overlapping

terraces. Ffurther, when both' the left and right sides are
superimposed one on the otheri the fongitudinal stream

proflle for the lower terrace level can be reproduced fairly

accurately (Fig. 3:5. l).' The mlddle and upper profiles, -

though rellable, are probably less accurate; the higher

level is tentatively drawn. Also, the near parallel pat-

» tern betwean the present and former-&ongltudlnal profiles

is evident; this satlafzea anether crlterion for cyclic
%

terrace development. Flnally, the feu helghts that do not

fall ‘within or close to..the de31gnated levels are probably

non—cycllc.

B . [

F

The terrace helgﬁt grouplngs are also graphlcally

Lo

[

.

dlaplayed (Figs. 3 6.1 and 3:6.2). Three poznts can be

observad In the lower terrace level, the lower helghts

» * A

colnc1de reaaonably well w1th the upper herghts of 1ts

related bedrock level. This auggests that tﬁe low terrace~

heights are, probably old channel courses. This patteg ia R
not as ev1dent in the other levelswdue~probab1y to ?he o Lo

& N -' N
masklng effect of minor non-cycllc and ovarlapplng ter-

“ races. . An-* alternatlng pattern of hlgh and low he;ghts S

&

within each terrace level is also observed longltudlnally. ‘

gy -

This is the expressron of a meanderlng stream where4¢he

.

hlgh terrace helghta represent 1ts related floodplaln and

the low: terrace heights represent rts related stream channel.
L , I

i



»

Finally, when the left side terraceg are superimposed on
tHe right side terraces, the high and lo@ terrace heigﬁts,
within each level;’are'out of phase with each other, i.e.,
the high points on one side coincide with the low points
on the-other. This supports the fact that the related
streams for each ievel were meandering and indicates that
the lateral end vartical accretion dep051ts should be ev1-
dent in the teﬁféces' stratlgraphy.r Though no complete
detailed ‘erraqudep551t study was undertaken, deposits
_observed #n the field displayed a sequence of gravels on
bédrock, wh' re exposed, overlain by streanm deposited sands

' and silts--lateral accretion--which in turn a‘: ovarlaln by

vertically depos;ted silts and clays from peribdic floodlng.

Description of thé Crogs-Valley Profiles
(See Figs., 3:7.1-3:7.8)

£
(-4

The description of the cross-valley profiles also

‘supports the argument for a cyclic development of the Weed

Creek terraces, Tﬁe old channels of the designatad'ter-_
race leVels,frequent1¥ fall within their related bedrock
'intervals and their ter:ace'&aga features fall generally
within thei;'related terrace intervals. Also most of the
terrace tread surfaces display a strlklng horlzoht;I at-
tltude, another criterion for cyclic terrace development

Figures 3: 7.1 to J:7.8 show these two 1mportant relation-

ships. (Note: The designated s;des of the cross-valley.

65.
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profiles were determined by the author while looking down-
stream), _ | )

Eross-ealley profile number 3 (Fig. 3:7,3) appears
to have a higher level terrace, with well-defined upp§§ and
mlddle level terraces on the rlght side of the valley; on
the left 51de a8 non-cyclic terrace can be seen. The lower
level terrace is quite low and probably is a related old
channel. | )

| Croes;valley profile number 4 (Fig. 3:7.4) has a
resistant feafure adjacent‘te and gn the left side of the -
present stream chanhel. It definitely has been shaeed hy
fluvial action but its altituge lies well above the higher
terrace level. This is probably a resistant Hed;oek fea-

ture but requires further investigation. No upper level
terrace is‘preserved but a middie terrace occurs between
the resistant feature and the left valley wall. A lower
level terrace is evident on the right side with an over-
lapping charecter and with relatee channel levels on hoth
sides at apprdximately the same elevaticn,
t Cross-walley profile number 5 (Fig. 3:7.5) has no:
Ahighextlevef terfaces preserved; 1t has not been determlned
whether or not the remnant feature on the right side 1§za
terrace or slhmp feature. The upper level terrace on the
left 51de has its related channels falllng between the
limits of the upperebedrock level. Point 3 on the rlght
side of the. valley deplcts the lowest probable he;ght that

the upper level channel could have attazned (Leopold et al,

Sy
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1964), A middle terrace ié preserved on thé left gide of
the present stream with its related channels felllng within
the m‘ddle bedrock level.. A lower terrace remnant on the
‘right‘81de along with its related channel 8lso fit the
lower terrace and bedrock levels quite well, |

‘ The#cross-valley grofile'nUmber 6 (Fig. 3:7.6) has
a higher level terrace preserved. An upper level is also
fairly well( reserved,on both sides of the valley and :as
probably formed by Yits related stream meanderlng laterdlly
from right to left then to the rlght again., A middle ter-
race is bnly preserved on the right side with its rela{ed
‘channels on both sides of the remnant terraﬁg at approxi- 
mately equal elevation. ‘A non-cycllc terrace remnant lies
adgacent to the present stream on the rlght side with a
.lowe; terraqa{very well defined by its horizontal tread
surface. . ‘ |

Cross-ualley proflla number 7 (Fig. 3:7. 7”‘portrays

a hlgher terrace remnant on the rlght 51de. No ppper tgr-.

race is preserved but the middle terrade level lS well \

dlsplayed on both sides;.its horlzontal tread surface is

———p

.indicative of a meanderlng stream 1n steady state with 1ts

. "lowest channel . on the extreme left side, falling within
the middle bedrock interval;‘ The lower terraie along with

its related channel on the left side of the p esent stream

91 . “

flts the - de51gnated terrace and bedrnek levels qu1te well,

) ~,§’ Cross-vallay proflle numbe; 8 (Fig. 3:7. 8) has a

i
f -,
J‘;’ - . ~ . N\ -

.
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well defined higher terrace on goth sides %géﬁgb va?%ey. .
It was formed when the stream gaS”in a meander;ng st;te;
‘&lluvial deposits related with thése tégraces BQQL ve;ticall
accretion patterns underlain by lateral accrefioﬁ patterns, .
There are no upper and‘middle t;¥tace8 preaervéd'but Fhe
'1oyeg terrace on the right side displays a distinctly hori-
zonéal profile.

Cross-valley profiles numbers 1 aﬁd 2-(figs. 3:7.1
and 3:7.2) shéw‘slight déviations from the designated -
. terrace levéls; The'éntrance of large tributaries just
above these‘prﬁfiles (Fig. 3:2), no‘goubt,'contributes
greatly to thé qischargé,of the stream, thus increasing, by
itself or along with .the probable reasons (p?SSG) of requ*Q
venation and coiﬁcidéntal.stream positioh‘with the pre-. 1

glacial Thorsby thalweg, the incision rates dowrnstream from

these areas,

-
~

Planimetric Distribution of the Weed Creek Terraces
v . —
C

Terrace heightsfwere plotted along the present

stream channel as shown in Figure 3:8, Figures 3:8.1 =
J:8.7 are enlargement sections uf>Fig. 538. “Sectiohs & to

7 encompass that part of the stream whErg dfoss-valley

Bt

profiles 4 (Fig. 3:8.4-3:8. YQ@to 8 are s;tuated and it is _}A
along this part of the stream that the planlmetrlc mapplng

of the different-terrace levels is . displayed., The lower

and middle terraces are numerous and we;l dlstrlbuted w1€h\7="

" . )
- C .
> ) . .
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Piates‘l,‘Z‘éﬁd 3 ’
(bee P1 on"Fig. 3:8
. and Fig. 3:8,2)

-

»

o

An upper level ‘terrace (
upétream;from.and relete
level terrace on the rig
c¢ross-valley profile rium
the-distiﬁqt contact bet
and strean gravels and t

jarluvial‘dqusi%s above.
the flaﬁ hotizoqxa%;trea

4

.
i » ¥
L T .

35-36 feet)
d to the ‘upper

ht bank of the

ber 2., ‘Note
ween bedrock -
he thick

Note also '

d surface, T
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Plate 4 s

(Gee P2 on Fig. 3:8
and Fig. 3:8.2)

a s

s
A continuation of the 'above
upper ‘terrace. It di
. definite .break of slope that is -
“typical between the terrace levels of
the liged Creek Hasfn.

—menﬁioned
%playéﬁthe

: ‘The'lower
“terrace extends up§%reém-at an average
-height of 18 feet, o .t :

° .
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Plates S5, 6 and. 7
(See .P2 on Fig. 3
and Fig, 3:8.2)

:B

a

Number 5--Upstream extension of the

lower terrace in photo humber 4. The
gravels lying on bedrock are of Shield.
and Rocky Mountain origins--typieal of
the gravels in all levels of terraces.
Imbrication upstream can be seen--also
observed throughout the basin. Lying
on the gravels are the laterally ., -
accreted sands and silts overlain by

°

the vertically accreted silts and clays.
Note exposuré of extinct bison specimen,
Number 6--A distamt view of faunal
spetimen and.térrace'ﬁuﬁ. Number 7--
An uUpstream eX%€ension of this lower .
terrace, ’

. . -
v .

al.



rlate B , Author with faunal speclmen——extlnct

, N blSOﬂ seépula. i
5 -
e . |

9 .
Plate S o " An up;ef tevel terrace--38 feet. The
(See P3 bn Flg. 3:8 . only svidence found of gravels'
. and 3:8.3) . separated from bedrock by stream lalden
' e - .rippled sands. '
0y . w N )

. .
. 3 - ' P ] ’
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~

10.
%
u l>.
. o . s
Plate 10 Upstream “from terrace in photo number 9,
the distinct break in' slope separeting
an upper, middle and lowerfterrace is
, distinct.’ HNote the flaﬁ horizontal
8 . tread surface of the middle terrace.
11,
+
Plate 11 ’ Lower terrace-—Lakfeet depicting the

(See P4 on Eié; 3:8- shelter and protection of terrace .
‘and 3:8.3) ’ 4C scarps for the nesting of 'yaung birds. N
, : - ST : o

~
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C .

Plate 12 °

(See P5 an fig. 3.

and 3:8.5)

8

- ¢

A middle terrace (16-18 feet)
displaying the upward sequence of

bedrock, gravels, rippled sands and

thick vertically deposited silts-.and
clays.. 1t is a charaeteristic display

841

o

of the Weed Creek cyelic depositional .

terraces. - . <
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a
Plate 13
(See P6 on Fig. 3: 8
" and 3:8,7)

A higher terrace (46-47 feet). The -

Tegular bedrock,
is dlscernlble°
horlzontal tread

.

gravels and alluvlum
also the flat
surface.

85.‘



Plate 14
(See P7 on Fig. 3
and 3:8.7)

Plate 15
(See P8.on Fig. 3:
and 3:8.7)

An exhibit of an upper, middle and
lower terrace. Also note the upper
terrace (top left picture) on opposite
bank.- .

R

A middle terrace (18-20 feet). An
upward sequence of bedrock, till,
gravels and alluv1al dep051ts can. be
seen.

86.



Plate 16 -
(See P9 on Fig. 3:8
and 3:8.7)

A lower terrace
tross-valley pr

Just downstréam frop
ofile number 8,

87.
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~.

the upper and hlgher levels mo ze 1nfrequently ahown as '
expected. The lower terraces are all situyated adjacent toi
the Present stream chanhel with most of the mlddle upper,

and hlgher terraces further removed f::k it Where a |

mlddle, upper or hlgher terrace is adJacent to the present '
8tream channel, it can be assumed that terraces of the

lower level either did not develop ln that sectlon or have

been subsequently eroded away. Proceedlng upstreanm along

the present meanderlng channel from Ccross-valley profile

number 4, lower and middle terraces show up first on one

tinuity. This pattern is less distinct for the upper and
higher terraces but is élecernlble. In many sections,
lower and middle terraces dlrectly oppose each other along
the present stream channel .

The evrdence of terrace contxnu1t& in the Weed (rsek
basin appears to be clearly establlshed The perile dis;
trlbutlon of bedrOck and terrace heig: 1 patterns along
the valley coupled wlth the planlmetrlc dlstrlbutlon of
fthe terracea are the supportlng factors. - The terrace and
bedrock helghts dlstrrbutron along with the cross-valley
proflle patterns and the statlstzcal results all 1nd1cate
that the Weed Creek terraces are érbuped into four levels

and are of "the cycl;c depositlonal alluv1um type.-

P



~ ~ CHAPTER 1v -
. .

REGIGNAL CURRELATION AND GEUMURPHICgINTERPRETATIDN'
OF THE WEED EREEK BASIN

\
The interpretation o% {Eé Weed Creek terraces ap-
pears tobsuppoft the éeneral post-glacial geomdrphic history
develOped.fgr the North 5a§katchewan river basin system,
The 8imilarities of terrace percentage—helghts and’ grouplngs
' into several levels between the Weed Creek, Whitemud and
North Saskatchewan river basins in thé Edmonton area, sug-
gests, as there shou;d be, an inter-connection between
them, R;ins (1969) has ﬁroposed a posteglacialAgeomorphic
relationship between the terraces of Whitemud and North
Saskatchewan river basins near.Edmonto;, based on their
grading evenly into™each other at the confluence and their
relative elevations. The assocxatlon of the Ueed Creek |
.terraces.with those of the Whltemud basin is closely linked
on the basis of percentagé-hgights, ferrace deposit thick-
nesses and geologic stih;ture. A parallelism also exists

between the Weed Creek and North Saskatchewan terraces

~

o

founded on percentgge-heightS‘aﬁd geologic structure,

Geomorphological research has been done in the Réd
Deer (McPBerson; 1968) and‘Bow Valley (Stalker, 1968)
basiﬁs. Uestgate (1969) has implied a link between the:
North Saskatchewan and\Bow Valley terrqces based on helghts

and faunal remains. within the two basins. Certaln,chax-.

F_96 -
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acteristics between the three basing indicate that future
research into the regional post-glacial geomorphology

should be considered.

Eorreletion of the Weed Creek Terraces-

The correlation of the Weed Creek terraces is based

“ on the classification and geologic structure of the ﬂEr—

races, the,terrace percentage-height distribution and the
terraee contipuity. There are four major cycllc terrace
levels within the Lasin. A stable non-rejuvenating section
between cross-valley profiles 4 to 8 (Flg. 3:1) was chosen
for detailed study. The bedrock heights within this
section showed a grouping into four dlfferent levels., The
levels,’based on percentage-helghts of .the valley depth,
are 45 - 52, 27 - 36, 17 -~ 21 and 5 - 11. Because such
bedrock heights repreeent the bed levels of former stream
channels, they are considered ‘a very deflnlte and reliable
¢marker and as such form the basxe of the terrace correlation.
The terrace levels were theh delaplted by addlng the
' average thlcknesees of the terrace deposrts in each level

to the related bedrock helghts. The deposit thlcknesses R

“ were first converted to percentage-helght relatlonshlps. ’ ‘\

.

o
o

f’
Tme four terrace levels establlshed were 68 - 74, 44 - 56

. | Y

¢  Both the Weed Creek and Whitemud basins are similar

Ain size, geology, geomorphology and climate. The Whitemgd -

3
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O
te;}aces should thén provide an excellent measure for
comparison of the Weed Creek terraces. Table 4:1 shows
the. close similarities between the two. basins. The terrace
percentage-height levels when'statistgcally treated by the
Studgnt-t.method through comparisans“;f,the Weea/Creek
terraces and cross-valley profiles :Zth those of the White-
mud terraces, shows no significant differences at the 10%
confideaéenlevel. The exceptiong are the sigjificantf .
differences between the means of the Weed Creek terrace
numbers 67 and 51 (Table 3:3, numbers 5 and 9). Thls 51g-
nificant difference is found in that‘section of stream down
valley from créﬁs-valley profile number 4. SeveraI’tela-
tively large tributaries enter the main stream in this
section, Gooding*(l957)‘Btateslthaﬁ for a small stream,
the variations in;water vblume and load contributed from
its tributaries would be the only major cadse,of local
- variations aﬁd adju;kments in. the hydraulic- factors along
tﬁe main streaazs course; any tectonié‘o;'ciimatic change
“would likely afféct‘the,yhblé d;ainage basin. This may -
".explain the presence of\thei'low‘ téfraces within the
h;ejuéenated_section of the stréam below the 10 percentage-
height le;el. When these terraces are incorpoiated into sta-
tistical tests (terrace nhmber‘67) they account for the éig-
nlflcant difference between the number 67 and .number 51 ter-

races. Utherw1se the terrace statlstlcs show a non-szgnlfl-

cant difference relationship. Then on the basis of bedrock

B



TABLE 4:1. Terrace Percentage-Height Distribution

Higher ’ Upper Middle Lower

Level Level = Level Level

Weed Creek 68-77 44-56 31-37 11-21

Whitemud Creek_ 66-73. + 45-57 30-38 13-22
- .

North Saskatchewan 75+ 50 30-35 .10-15

height dlsrrlbutlon 1nclud1ng comparlpon with the Nhltemud
terraces, the Weed Ereek terraces, are grouped into four
levels. Rains (1969) flndsvthat the Whitemud terraces are
cyclic. This implies cyelic signrficance for the Weed
Creek terraces.

| ﬂfoer additional criteria for cyclic significance
were also satisfied. ‘First, the thicknesses‘of'the ter-
race deposits for each of the levels have means with small
standard deviations and as such, their mean thickﬁeeses are
representative of the even-thickness distribution of fhe“
deposits (Table 3:2). Also, the eeposit'thicknasses pro-

S - A
vide a range within which terrace heights may fluctuate

with{r each level. Second the terrace tread surface; are
mainly horizontal. This was observed in the fleld and is
also well expressed in the crose-valley profiles (Fig. 3:3.1
-3:3.8). Third, the’former longitudinal stream profiles ’
are generally parallel to each other and to the present
stresm channel (Fig. 3:5.1- 3 5.2 and 3:6. 1-3:6.2). Fourth,
the out-of-phase pattern of hrgh and low terrace heights

for the left and rlght sided terraces in each level strongl¥

——
-
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sugéest &8 meandering concition when lateral éﬁa?ve:tical
accretion proéesses are in progress. This condition is
neceasary between periods of degradation for the cyclic
development of terraces.

Throughout the.length of the.valley, the terrace
deposits reveal an upward fining sequence with stream

gravels lying on well demarcated bedrock flats. Never at

found lying dlacondantly abave the alluvzal deposits, This

: 1ndxcates that the terraces were not cut from deposits
Previously lald down at some earller stage and then carred
outﬁb}:t -that the deposits were lald down 1mmed1atel_y be-
~fore a change of regime was initiated to cause the forma-
tion of the terraces. The terraces’then are of the deposi-
tional type. In all cases examined, the terrace cuts showed
them to have an alluvial type depositional structure. The

. Weed Creek terraces, then, are cyclic and deposltlonal with

an alluvial geologic structure.

Correlatlon of the Weed Creek terraces by helght
shows four establ;shed levels. The bedrock herghta (Fig. .
3:5.1-3:5.2) are so distributed that the old channel pro-
fllBS for the 1ower, middle and upper levels are clearly-
expressed; the higher jlevel profiieﬁhas been tentatively-s
drawn; heights are toottsu tovproperly establish its level,

Each of the old channels displayed in the cross-valley

proflles fits into one of the well-defined bedrock levels,

v



101.

Furtgsr, the four terrace levels established by add1ng the
average/thlcknesses of the terrace dep081ts to the bedrock
height lavels arJ‘aléo well: deflned. - The related terrace
treads of the- cross-valley proflle channels fit mainly
'isto the terrace levels associated and related ta tHeir.
particular bsdrsck levels. Again, the very clsse similari-A
ty of terrace psrcentage-height levels with those of the
Whitemud basin along with their close pr0x1m1ty clearly
indicates that the terraces of both'basins share similar
hydrolegic, geologlc and geomorphic hisforiesA

The terrace contlnu1ty correlation is also well
established. The lower and mlddle terraces between the
cross-valley profiles 4 to 8 are numerous and widelyAdis;
“tributed but close or adjacent to the present stream chan-"
» "
nel. Thevplanimetric distribution of ‘these levels can be
easily traced up or down valley (Fig. 3:8.4 - 3:8.7). Where
a partlcular terrace oﬂ one of these lsvels does not have,s
similar directly-opposing bomplemen;ary ter;sce, it can
‘invariably be tracsd immediafely upstream or downstream
since the meanderlng nature of the stream very seldom, if

ever, erodes a set of palred terraces s;multaneously from

both 31des. The same contlnu1ty pattern is dlscernlble,

\
£

.but not as clear, for the upper and higher levels though
the terraces are, in most cases, not adjacent to the pre-
sent stream channel. ‘They are present asfgnfrquent

discrete remnants,
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bThe continuity pattern of the~four tetrace leveis
is also clearly estéblished in profile (Fig. 3‘5.1-3;5;2
and 3:6.1-3:6.2). The continuous nature of the terraces-
is depicCted.in the alternating high terrace tread-low
channel bed pattern distributed longitudinally for each
level. Because the lower and middle ievel terraces are
more numerous than the ypper and hlgher levels, the wave-
like longltudlnal pattern has shorter wavelengths. Without
the continuity dlstribution pattern of the bedrock and
terraces, the old”channel p&efiles and their generally
: ﬁagallel character would not be ?asily discernible. Con-
tinuity forms the basis of terrace correlation and, it is
because of the bedrock and terfﬁht“cbntinuity distribution

pattern that the establishment of the bedrock and terrace

levels were made possible. .

:r" \\ ’ - ‘. b
Comparison of the weed Creek and e

Whitemud Creek Terraces o !

Percentage hypsomatr;c curveé for’ both the Weed
treek and Wh;temud basins were compared (Fig. 4 1), The‘
curves indicate that both b381ps are in the equilibrium
stage (maturity) of development .(Strahler, 1952), The
similarity of curvature makas them of the same family and
suggests that the hydrolog1cal, erosional -and sedlmentatlon
hlstorles of the bas;ns are similar. The first point to

support this observation is the closely related terrace
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AN
levels (Table 4:1). Aléo, the present channel profiles

are almost identical un expressxon (Fig., 3:1 and 3:2) with

the lower sectlone ehow1ng 51gns of reJuvenetlon. The

104.

middle sectlone are more stable with similar and more gentle )

gradlents--a reflectlon of. homogeneous geologlcel and
hydrologlcal conditions, Furthermore, edch- terrace of the

Whitemud . b851n consists of approx1mately S to lD feet of

alluvium overlylng bedrock or Plelstocene d8p081t8 (Rains,

)
1969) and is very similar in range to the average Weed

Creek terrace depos;t thlckneeees of 6.3 feet 6.3 feet
6.7 feet and 7.4 feet for the lower, midd%e, upper and -
higher levels, respectively. - Rains (1969) also notes that

numerically dominant are sectlons with a stratlgraphlc

sequence of bedrock elluv1al grevel and flne-gralned al- .

L

luvium; the same sequence generally holds for\each of the

‘three lower terraces. ‘The sequence of the Weed Creek ter- |

race deposits observed in the field areagenerelly the same

but more rrgouroue laboratory and statletlcal testlng would

. help.determzne the extent of the s;mllarltlee end differ--
ences betwaen. the levels, In eddltlon, the tread surfaces
s0f the Whltemud terraces are generally horizontal and many

old meanderlng channels are cleerly v1srble from aerial

photogrephs (Rarne, 1969).‘~ The croes-valleprroffb;
the Weed Creek beeln also show horlzontal tread surfaces.,

Flnally, the bedroek end terrece proflle dlegrems (Flg.

3:5.1-3: 5 2 end 3:6, l 3: 6. 2) exhzb;t some overlapplng and’



non-cyclic terraces. Reihe (1969) has found some non-
Cyclic terraces in the Whitemud basin and notes that oc-
casional exégehe floods have occCred in recent years because
at least one middle terrace 51te exhibits ev1dence of ‘very
recent aggradation, 15 feet above .the present channel.
Floodwaters during ,the month of July, 1973, after intensive
ralns for two days, rose to at least 10 feet above the

)

Rains (1969) found neo contemporaneous terrace de-

present stream channel in Weed Creek.

posits lying discordantly on tread serfaces and notes that
the paired terraces of the Whltemud valley cannot be re-
conc;led with the .concept of/a major valley fill belng.
subsequently trenched to form various terrace levels;
rather, a: number of degradation phaees were 1nterspersed
with periods of aggredatlon. ThlS fact along with the’
terrace deposit stratlgraphlc sequence makes the Whltemud
terraces depositional and of alluvial, orlgln.

Both basins are of:similar size and north floeing
_trlbutarres of the North Saskatchewan river within a faw
‘miles of each other. Therr erosional, hydrnloglcal and'
!sedlmentary histories are in close agreementTas reflected
in the comparable terrace levels, terrace deposit th1 k-
nesses, channel profiles and horlzontal tread surfaced.
.Both sets of terraces are cyclic, dep081t10nal and allu-

4
v1lum. Correlation between the basins are p051t1ve and

-

thergfore share similar geomorphrc histories;

105.



Comgarlsona with the North Saskatchewan River

--Edmogton Araa

Neatgate.(1969) has identified‘four post-glacial
al;uvial‘terracas in the'North Saskatchewan river within
the c1ty limits of Edmonton, Alberta. They are at 20 - 30
feet, 60 - 70 feet, 100 feet and 150 feet, approximately,’
above the present stream level‘and cut in a vallsy of 200"

feet depth. Their percentage-heights are closely related

to those of the Weed Creek and Whitemud basins (Table 4: l).

Thaugh the Heed -Creek basin is a tributary of the North
Saskatchewan river -and therefore of much smaller acale, )
{the percentage-haight relationship of their terraces sog-'~
‘gests a synchronous hydrologic, erosional and sed;mentary
hlstory.

Rains (1969) states that there is little reason to
doubt that the Whitemud and North Saskatchewan terraces are
intinateiy related. The‘lower Hhitemud terrace grades
evenly into the lowest unit recognized by Westgate (1969),

and the h;ghar ones are consistent in terms of relatlve g

elevatlon (F;g. .4).. No comparlson of the related atrati-.

graphies was‘attemptedwsince the two rivers are of widely
R - %
disparate size, It seems clear that the Weed Creek basin

" terraces and the North Saskatchewan terraces near Edmonton

’

~are closely related.o

The hlstory of the North Saskatchewan Rrver is

character;ted by alternatlng periods of degradation and

106.
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abgradation that were most probably controlled by fluctua-
tions ih.thevpositidn of the Laurentide iqe front to the
north-east of the study area (Westgate, 1569)1 Stratigraphié
inyestigatidns of the lower two terraces show them to be of

. the a;levial‘type (Weetgate, 1969). The general ubward
fining of the deposits in the lower two terraces aleng with
the. absence of -contemporaneous deposits resfing on their
"tread surfaces 1nd1cate that the terraces are truly depo-

] eltlonal in mode-of formatiaon, Fig. 4:2 displays the North
Saskatchewan.terrape'treads as being-horizontal(a;rer West-
gate, 1969) The same patterm is observed in the field for
those terraces preserved alcng ‘the river banks within the
city llmlts of Edmonton. This ' suggests that the terraces;
‘are cyclic. The cause of the North‘SasketEhewan‘terreces’
"is clima:e; effecting base-level control. Preglac;al pon- (
dlng and degradatlon would be favoured at tlmes of glacier
retreat of’ the Ulscon51n Laurentlde ice sheet (Frye, J.C.

et al, 196& Westgate, 1969) a condltlon suff;c1ent for.

cyclic development of terraces.

P &
/

+ . » sy K ® . 3
. £ - oo

fost Glacial Chronology of t e,Wee& Creegeggeiﬁ'b o

&
a-

The Weed Creek Whitemud and North Saekatchewan

-

terraces are all closely assoc1ated. The geomprphlc chrono-
109188 for the three bas;ns are similar. ‘Climatic control

is believed to have been the'cause of the North Saskat-

chewan River terraces. ,The alternatinguperiods of degrada-

v - ~
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tion and qggradatlon within the basin indicates that the
direct controlhof.terrace formatlon in both the Nhltemud
and Weed Creek b881n8 must have been bass-level fluctua-
tzonSu qu therefore, the North Saskatchewan river valley
was cut entlrely in post—glaclai tlme (Westgate, 1969)

the Waad Creek terraces too must have been cut durlng the

4

same time ‘period. The North Saskatchewan's lower terraces,

| ~format10n spanned the pegriod 8,500 to 5,000 years BP based
onla change in climate (GSC-767; Louden and Blake, 1968)
%pd ‘Mazama ash, dated at 6,600 years BP found at depths
varylng from 4 to B feet below the surface of the terrayé>
(Westgate et al, 1969). The middle terrace has been esti-
:mated about 10 000 to 11,000 years BP based on the uncer-

_taxn correlatlon of similar fauna found in a 65 foot terrace,

k

in the Bow Valley near Cochrane (Churcher, 1968; Stalker,
71‘\"'9"’6‘8){:} e ‘, | |

An extinct bison scapula was found in the Weed

: Creek ba51n just upstream from cross-valley proflle nume
ber 2. (See Photo Plates 5 and 6.) It has been dated by
ldC technique at 2765 90 14C yr BP (Radzocarbon Dating Labu
‘oratory, Saskatchewan). It was found in the dep051ts of a
15 foot térrace embedded in rippled sands 12.5 faet above
present stream levgl (Fig. 3 8). Bedrock is at 9 5 feet.
The' foss;l fauna was overlain by' 3 feet of fine sands and a
f Juvenlle soxl I foot deep.‘ The valley depth ‘at this

p01nt is llB feet and fits into the lower terrace level

QW



interval of bogh the Weed Ereek‘and North.Saskafchewan
ferraces (Table 4:}): The reconciliation of the two dates
for the lower terrace levels of both basins is suggested.

. Terraces that-ar; formed byfbase-level contrbl are usually

\ ] : -
initiated first at the mouth pf the stream. Such features,

of b;se-ngel control, in a tributary' stream such as the
Weed Creek basin, would probably form somewhat later thén
their related terrace in the trunk stream. qu this were
true, then the Weed Creek lower terrace level would b; as-
sociated with the samq‘aggradation-degfadation ﬁytle of

the North Saskafchewahiloger level terrace. Furiher finds
of faunal remains and-Mazama ash, especially within the

4 to 8 cross-valley profiie section of the Basinﬁcould
con%irm the explanatibn; Thg middle, upper and higher ter-
.races then afenoldbr than 2765:90_years BP. Their ageg

should be relatively yodnger than their related terraces —

in the North Saskatchewan River basin.

'_épsiderations jgi'ggﬂegional Corteiation
A regional correlation is not being proposed but @Q'
there are points that should be.of value if such a correla-
tion is to be considered. Stalker (1968)‘ihvestiga£ed a
se¥i§§ of teﬁsapés in the Bow Valley near'Cochrané,hAlberta.
wa.séts of'terracés--uppér,and_lowery-wera discovefed,.éach

with distinct differences in tomposifion{ origin and time

of deposition. The lower set of .terraces have foyr distinct
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heights, the same number found in the Nowcth Saskatchewan
vRivér system, The terraces are of post-glacial origin cut
mainly Ey fluvial action. Similar faunallremains.have also
been found in thé te;race deposits of both river systems.
Though the lower set of terraces were cut from a previoué
fill--the Bighorn Creek Formation--the aggradation of sig-
,nificantly thick layers of sand and thin layers of 81lt
\2verly1ng the coarser poorly sorted sands and gravels and
bedrock in some sections, makes the terraces deposltlonal
and alluvial in mpde bf-formatioﬁ and geblogic structure,
The terrace tread surfaces are distinctly smoéth and hori-
zontal with & gradient similar to that of the present
stream channel, This implies that the terfaces are prob-
\
ably cyclic 'in origin. Stalker (1968) suggests that the
cutting of these terraces started about lD 000 years ago
. and‘still‘ccntinues. ’

In the Red Deer river, McPhersomn (1968) found
,sééueﬁyes that appear similar to both tbe'NoffhKSBSRatchqwan
river systgﬁ and the Bow Valley river. -Iﬁo sets of ée;—‘-v
gaces—-uéper and lower-Lwere'also discoveféd with é dig- .
tlnct dlfference in comp091t10n,rorlgln and .time of dgﬁ
p051t;on. The lower set of terraces are. of flne-gralzfd
alluv1um--sands, silts and c%ays--whereas the upper set

- dre of poorly sorted sands and gravels. There~1s,ey1dencé

that the lower set has, as their base, the deposits from

L

which the upper set are formed with some sections .on bed-.
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rock, but the thickness and sequence of the’fine grained
eliuvium'suggests that the lower set of terraces are de- *
‘positional and a}lovial. in the Bow Valley, Red Deer,

Whitemuo and Weed Lreek basins, the alluvial deposits for

all the.teafaces. irrespective of‘haight are generally

similar to the deposits of their re5pective floodplains.
.McPhersonl(i968f propoaed that the lower set of Red Deer
terraees-are non-paired on the basis that two terraces,

opposing- each other across the, present stream,‘have a

differénce in Pelght of six feet. He also 1nd1cates that ,/}
the terrace tread surfaces are strlklngly flat, horizontal -

and smooth. Palgeﬁ*%erraces do not have to be exaotly A .
equal in height 51n”e several processae c?uld cause dif-

ferences in their heights (Chadter II p. 36 ). A six

foot dlfference in height between directly opposing ter- '
races found in a river baa{n the size of Red Deer is not \ah
convincing evidence toat,the terraces are non-paired: On

v

the basis of the flat horizontal and smooth nature aof the

. &
L

terraces along with the alluvial*é?ratigraphy, if}might be :
gd

possible that the lower set of Deer terraces are also

. cyclic in’ orlgln, but further ingestigatipn‘is required.

3 Young juvenile soils are present on the Red Deer, '
Whitemud and Weed Creek te‘gace treads and also their smooth
undistrubed surfaces lmplgkzhat they were all formed in

very Recent times. A flnal note 18 that the bedrock geology

in all three river systems is 51m11ar--that of Tertlary and

Late Cretaoeous sandstoyés*and’ahales.

Lo Je .
- : |
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Summary

‘Four terraée levels are identified ip the Weed Creek
besin based on bedrock heights, terrace heights, cross-
valley profiles and the planimetric and profile continuity
terrace distributions. The middle, upper and higher levels
are older than 2765290 years. BP besed‘on Cla_dating of an
extinct bison bone in the lower terrace level. The Weed
Creek basin has developed synchronously with the Whitemud
basin as see: in the remarkable close relationship of their
terrafé percentage heights, similar st?eam profiles, and
even-distributed terrace deposit thicknesses. Along with
sharing homogeneﬁus geology and climate, both are coﬁ-
paraBle-sized tributaries of‘the North Saskatchewan River.
This‘suggests fhat they both share the same hydrological,
erosional Qﬁb sedimentary histories., The Weed Cfeék higher
terrace level establishment supports the argumeﬁt for a
fourth level terrace development within the North Saskat-
chewan river system. |

The four terrace levels in the North Saskatchewgn
riyer,'Edmé%ton'a;ea,oqorrelete in percentage heights with
fhe\Whitemud'and Weed Creék terraces as well and indicate
'that the dirgét external cause of the Whitemud éna We¥d
Creek terraces is base level control by fhe‘Nor@h Saskat-

N

chewan rivé; basin. The terraces of all three basins are

’

cyclic in extenpal cause, depositional in mode of forma-

tion and alluvial in ihtprnal compasition. Evidence found



{
in the North Saskatchewan river syétem, Red Deer and Bow

Valley rlvers suggests that there is need for mare exten81ve
and 1nten31ve #ésearch to adequately decipher the post-

glgcaal geomorphlc hlstory éf the Western Canadian Plains.
SN
s “ "" i
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