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L .. . aBsTRACT &
Although pre Holocene character1st1cs of the study bas1n are ; A
br1efly rev1ewed the'maJor foous of this study is on the |

’Holocene devebopment ot‘the Strawperry Creek valley Thus. .
‘-strongest emphas1s is placed on the alluV1al terrace \ |
,morphology, alluv1al strat1graphy and chronology. The .

b morphologlc aspect of. thts study ver1f1es the ex1stence of

'four palred 'alluv1al terraces 1nterm1ttently d1splayed

along the valley These reflect at - least four ma1n stages of
morpholog1c development 1n close agreement with stages

‘.
prevnously def1ned for the Whltemud -and Weed Creek valleys

The alluv1al strat1graph1es“of the terrace sect1ons logged
1n the Strawberry Creek valley 1mply pers1stent depos1tlonal
nV1ronmen_§\9£ s1nuous or meanderlng channel systems An |
'alluv1al chronolog1c sequence has been developed on the
bas\s of .nine related rad1ooarbon dates, and the presence of .
‘Mazama Ash in one- terrace exposure. from the Strawberry
Creek valley In add1t1on, elght radlocarbon dates are t
available for the Wh1temud Creek valley and two dates from
'the Weed Creek system From these dates 1t was determ1ned
that the geomorph1c development of the Strawberry. Weed and o
Wh1temud Creeks def1ned by the rad1ometr1c ages. of the '_“. |
"related sets of alluv1al terraces, *was probably ~ -
{‘t1me synchronous Valley development stages are represented |
\ by four net incisfbn phases, each followed by stages of -
relat1ve channel stabillty The chronology now establ1shed

1ndlcates that two of the maJor phases ‘of net inc151on



v
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,occurred approximatély between the t1me of deglac1at1on and .
"9000 years B P and c1rca 6000 years B. P w1th1n at least f
the past 4000 yedrs the tr1butar1es have experlenced two )

i wadd1t1onal net. incision phases culmlnat1ng in the

;:contemporary floodpla1n and channel \ " .

By the 1ntegratlon of prev1ous studles, and add1tlonal

'ref1nement from reoent ‘work, an 1nterpretat10n of the .

: Holocene development qf the North Saskatchewan R1ver vnlley

in the locat area is. presented From th1s review 1t is

concludid that the valley evolutIon of the North .

,'Saskatcﬁewan R1ver has involved four maJor stages. reflected
dby remnant r1ver terraces. Th1rteen related rad1ocarbon" ”'
' dates,'and occdrrences of Mazama Ash, suggest that the local'

| r1ver valley ach1eved ‘much of its present form early in

" Holocene: time, hy. approx1mately 8000 years B.P. Thus,;the
‘sequent1aJaphases of morpholog1cal development of the North
.Saskatchewan River and, the local tr1butary creeks have not

been tlme synchronous
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1. INTRODUCTION

1.1 Thesis Objective and aackground'
The broad obJectlve of this thes1s 1s to present an
1ntegrated geomorph1c analysis of the Strawberry Creek
basin, central Alberta (Figure 1.1). In particular the
emphasis of this research is to outl1ne.the Holocene
evolut1on of the Strawberry Creek valley w1thin the
framework of the ba51n s pre- Holocene surf1c1al sedlments_
and local bedrock An outl1ne of the creek valley evolut10n
is attempted from a_deta1led.invest1gatjon of the
morphologic and stratignaphic_attrlbutes of alluvial'terrace
remnants which'are indicatlve of former'val]ey{development.
stages. N i | | ) | , ‘ _
| Rains (1969a) and Shelford (1975) descr1bed among -
other things, the Holocene valley development of the
Wh1temud and Weed Creeks respecttvely The Whltemud Weed »»'
and Strawberry Creek ba51ns are of similar s1ze in close’ .
proximity, and . all are southern tr1butar1es~of the‘North .

- Saskatchewan River (Figure 1.1). The foundat1on and- 1mpetus
for the present the51s were ‘thus prov1ded by the earl1er

studles of Ra1ns (1969a) , lford-(1975). The maJor

component of this thes1s shows hat these three central .
Alberta tr1butar1es of the North Saskatchewan R1ver reflect

closely s1m1lar morphologlc and stratlgraphic,ﬁbﬂocene it ‘_

. ' . * PR . .- .
development h1storqes. R S
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A basic concern in stud1es of creek or r1ver valley
evolution is’ to 1nterpret the role of local base level
'_ tbroughout‘#rlbutary valley development For thls
study-basin the North Saskatchewan Rlver acts as the local
base-level. Therefore 1t 1s necessary to have a basic
understandlng of the posg glac1a1 development of the Nor th
ISaskatchewan R1ver valley in the looal area. The groundwork
for this aspect of the study was largely provided by Bayrotk
and Hughes (1962) Bayrock and Berg (1966), Westgate (1969),
ﬁKathol and Mcpherson {1975) .'and Westgate et al., (1976); all"
of‘rh1ch in part deal w1th the Quaternary geology of the
c1ty of Edmonton More recent work on the same valley sector

allows ‘the reflnement -of earller chronolog1cal

interpretatigns.

1.2 Introd ction.to the,Fleld Areag
lhe‘ﬂ rauberry Creek basin (Figure 1.1), of

.approx1mately 320 square K1lometers. 1s'located in the
Eastern Alberta Pla1ns ‘and dra1ns 1nto the Nor th _

, Saskatchewan River which flows east northeast 1nto Hudgon
Bay The bas1n has. small relative rel1ef and is fa1rly
'typtcal of the central Alberta physical and cultural |
envlronment ~The bedrock under lying th15 basin 1s of late
'Cretaceous and Tertlary or1g1n. partly eroded dur1ng

denudat1on cycles that cont1nued into the Ple1stocene

(Taylor‘et al., 1964) A prom1nent aspect of th1s"



denudation,-evident in the basin’s bedrock topooraphy, is
the'preglacia!:Warbuﬁg valley. (Carlson, 1970). Exposures\of
unconsolidated. probably preglaoial;’Warburg valley alluvium ~
are ocoasionally found where StraWoerry Creek has
intersected the.pregiacial valley. Stratigraphic relations
of gﬁacigenic sediments.in the Edmonfoo area suggest toat'
duriog the Pleisfocene Epoch the preglacial 1ahdscape\Was.
at least, twice o;errfddeh byvco;tinenta[ ice sheets (Rains,
1969b; westgatew 1969 Westgate et al. 1976 and Shaw, ,'ﬂ\
1982). In the Strawberry Creek valley exposures of. | |
‘ g]ac1gen1c ‘sediments exhibit strat1graph1c evidence of two
glao1a1 pulses_. During recess1onvof,§he 1a§e Wisconsinan
ice extensive oroglacial lakes were formed. A'portioh‘of the
local proglaoiaj,lake system inundafed most of the |
Strawberry‘CreeK oasin. The final drainage of thﬁs.looaﬂ
.proglacial lake (St-Onge, 1972) was immediately followed by
”stream inoision into the lacustrine and under]y}ng
sediments. Thus began the Holocene development of the

' Sfrawberry Creek drainage system.

| 1.3 Methods of Study .

This 1nvest1gat1on began w1th a thorough l1terature
"review plus a study of relevant topographic maps and aerial
»photographs Particular emphas1s was focused on the remnant
creek terraces, and p1an1metr1c maps were construoted

depicting these on aerial photograph over lays for field



ohecking
and summer of 1979 and add1t1onal shorter periods of
subSequent summers. The valley was- traVersed from its
’Junct1on w1th the North Saskatchewan. R1ver upstream to the
Junct1on of the StraWberry and L1tt1e Strawberry Creeks,
‘where the val]ey:depth becomes comparat1vely.m1nor. Field
‘observations-enconpassed the following:
,(t)\The-superficial exanination of bedrock
character1st1cs from outcrops along the valley walls
(2) General descr1pé’ons of. preglac1al sediments and ’
'glac1gen1c deposits, w1th more deta11ed logging of
except1onal‘ exposures | '
(3) The locat1on”and description of alluvial terrace
remnants within the main valiey.f
(4) Altinetric<surveys of pre-selected valley

'::~;¢ross~sections to typify the terrace relationships.

1.4 Organization of Thesis
The contents of. the study are presented in a
+ geo- chronolog1ca] progress1on ‘after Chapter 2, which reviews
relevant publ1shed studves and outlines: more recent
presently unpubl1shed work on: the North Saskatchewan R1ver
terraces, Edmonton Chapter 3 exam1nes general " o

9

L~
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characterlst1cs of the  Strawberry Creek basin bedrock _v -
geology an;>thus deals with the foundat1on upon. which the
catchment has_recent]y evolved,-Pre-Holocene surficial
'deposits obserVedtin"fhe study basin are discussed in
Chapter 4, emphasizing confemoorary interpretations -
“regarding their genesis The Strawberry Creek Holocene
val]ey evolut1on physical and chronological is out]1ned in
Chapter,S'w1thgthe presentation of field data andj@
radiocarbon'da;es Chapter 5 also compares the physical

; attributes of the Strawberry Creek valley with those
prev1ously reported for the Whitemud (Ra1ns. 18969a) and Weed
(Shelford, .1975) Creek systems In conclusion, Chapter.6. -
cons1ders the - probable roles of paleo environmental and
complex- response factors im the Holocene evolut1on of the

Strawberry Cneek yalley.



'recent work completed in the same valley sector. From the

2. PREVIOUSVSTUDIES;fNORTH SASKATCHEWAN RIVER VALLEY AND
SELECTED TRIBUTARIES

2.1 Introduct ion ‘ !, : L >

An interpretation of Holocene developmental stages of

the North Saskatchewan River valley in the Edmonton area is

a prerequ1s1te to an understand1ng of interrelationships

between the North Saskatchewan River and its local
tr1butar1es Thus, a range’ of previous studies Telated to

the geomorphology of the North SasKatchewan River valley in

the Edmonton area is reviewed, along w1th an outl1ne of

available data a chronological interpretation of the valley

~evolution is presented.

‘The Nérth éaskatchewan River valley development is
linked'to'that'of tributary valleys mainlybthrough the
former s role as a local base level. Three ma jor, loca\

tr1butar1es are Wh1temud Weed and Strawberry Creeks. An .

o4

eva]uatlon of the Ho]ocene development of these three

2

tr1butar1es with part1cular emphasis on Strawberry CreeK

" is the pr1mary obJectwve af. th]s thes1s Ear]ﬁer. related‘

stud1es are those of Rains (19693), on the Whitemud Creek

,valley; and Shelford (1875), on the Weed . Creek-valley TheLr

main conclus1ons are also brlefly reVIewed later in th15v

- chapter. ST o 5 <



2.2 North Saskatchewan River Valley

3.2.1 Previous Work | \

The local N0n¢h4§aékatchewan River valley deyélobmehi;i
began with the late Pieistocene deglaciatinﬁ of the area. At
the regional scale, St Onge (1972) proposed a sequence of
proglac1a1 lakes and related Laurentide deglac1atnon stages
for north-central Alberta. More recently Chr1st1ansen (197Q‘
',syntheSIZed a large, number of previous stud1es and ro‘ated
radiocarbon dates, fo prov1de a nine-phase model of
deglaciation for southern Saskatchewan and part of
easternmost Alberta. St-Onge (1980) élso pointed out that a
combination of his earlier interpretations aﬁd"'
Christianseri’s (1979) modél provides a wel}vdooumented
sequence of deglaciation for much of Alherta and
Saskatchewan. Thus, a combination of their interpretations
will be used as a base (see sectlon 2.2.3). TH%F céhhinat‘qn
1ncornorates their maJor phases re]at1ve,io the Fermant:

.area, and the progress1ve opening-up of new North
isaskatchewan River valley sectors northeast and east of
deonton“

- Studies which’ have fOCUSed more spe01f1cally on the
local river valley and aIIUV1al terraces 1nclude Bayrock anA
Hughes. (1962),- Westgate (19689), Kathol and McPherson (1975)
and Westgate et al.,(1976). Weﬁtgate-(fQSQi recognized four.
distinct, terrace tread reiatlve elevat1ons in the Edmonton

\
sector of the North Saskatchewan vaer valley (Table 2.1).



TABLE 2.1. NORTH SASKATCHFEWAN TERRACE NOMENCLATURE

r+yrace Designations Approximate Terrace Tread
Used in Elevations Above Present Low
This Study Water Surface (Modified after

L ' H_r_~“Westga§g, 1969)

T 45 m (Approx. 150 ft.)
T-2 30 m (Approx. 110 ft.)
T-3 '9 m (Approx. 60-70 ft.)

4 N App T 20200 FE )
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Figure 2.1a shows examples of the releVant\terrace treade
‘based. on a generalized interpretation of-Wesfgate’s {1969)
terraee'descriptions. Figure 2.15 is a genebaiized
cross-section, modified from Westéate (1969), representing
exambieslof,tread heights (T—1; T-2 and T-@)Qabove the
river:(fhe locafiﬁﬁ of this profile is shown on~Fjgure 2.1a
as line X-Y. |
The alluvial strat1graphy was -descr ibed by Westgate

(1969) for a 1-3 site, at Emily Murphy Park, which y1elded
hone material (focation'w-B, Figure 2.1a). The alluvium of
this terrace section consisted of 5m”(about 15 ft.) of basal
aravels succeeded»by 1.5m (about 5 ff.) of sands. The sand'
unit displayed two paleosols and was‘capped by 0.5m (about 2

t.) of eontemporary'loam soil. A paleosol between the
alluvium and present soil was.dated at 2090 +* 110 yrs.“B.P.
(1 .2931), but this éppears to markedly post-date the main
d'f-=‘bﬁ's1'tion—p‘hase-of'-T~3 alluvium.»The;sequencezof,a]luvium'
probably reflects a formerly stable channel system with

lateral accretion as the primary mode of alluvial
daposition. S T ff,'.“..;- S
L4

An,exposure of T-4 a}luv1um also descr1bed by Westgate

‘G1QGQ) conta1ned“Mazame Ash a usefu] marker bed
i.strat1graph1ca]1y dated elsewhere at approxwmately 6600 yrs.
B.P. Add1t1ona1 rad1ocarbonndated bones, wood charcoal
paleosols and mar ] have ‘been reported for numerous North

Saskatchewan River I-4.s1tes in the vicinity of Edmonton.

These provide a reasonably detailed alluvial chroﬁologyﬂfor

~



dl‘strib;nion of North Saskatchewan River terraces.

re 2.1a. Planimetr

Section locstion [present study)

g G-

ic,

Zigu

et 8l 1976)

ey

O w1

132
srosl,

T-1 {oldeést terrace remnant)

T-4 tyoungest terrace remnant}

<
¢
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() viepwasyn
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iqure 2.1b. Cross-section X - Y¥: North Saskatchewan River valley.
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the youngest terrace. Dafes so far ebtained for tﬁe alluvium
of T-1, T-2 and T-3 remnants are few. Table 2.é confains'
information pertinent to the available rad1ocarbon dates for
the tocal North SasKatchewan River terraces This
information is central to  the chrono]ogical interpretations
which will follow later in tne thesis.

Westgate et al.,(1976), revised the“earlier work ef
Westgate (1969) on local river terraceSy wifh two important
additions. The first major revision involved the prev1ously
d1st1nguﬁshed T-1 and T-2 remnants These were subsequently
combined into one terrace that ... "stands well over 100 ft.
- [30 m] above river level and has been preserved in the

ne1ghbourhood of the Parl1ament Building.” (Westgatezet al.,
1976, p. 25). This rev1s1on‘was based on evidence from a
new]y excavated sequence of alluvium (locafion W-2, Figure
271a).‘The elevation of this site , and its assoc1ated
'terrace?tread; at’ approX1mately 30m above the present r1ver
channel may be est1mated from Westgate s (1969) '
'crbss sectron (Fvgure 2.1b).\Ihe alluvial sequenee'at'this
s1te was descr1bed as "ten feet of crossbedded sands..
covered by 8 feet of coarse, poorly sorted _ _
gravels..."(Westgate et al., 1976,_p.-25). This sequence of
alluvium appears to reflect a relatively high-energy,'
perhaps braided, channel system with rapid aggradation and
1atera1 sh1ft1ng of channels depos1t1ng sand and gravel

bars. However, “the amalgamat1on of T-1 and f-2 terraces

appears to be unJust1f1ed. Kathol and Mtherson (1975)

’
J N



Dates which

RADIOCARBON DATES.

TABLE 2.2.
¢
14 Date Lab
isrrace BCIBe Nuaber
T 10,740 & 470 $-192) -
T- Mo dates yet available
1-3 10,700 & 150°  I-455)
T-3 2.090 ¢ 110 1-2931
T-4 10,600 s 300°_ S$-140
T-4 9,860 ¢ 140  1-8483
1-4 8,320 & 140  GS8C-767
1-4 9,150 £ 100  8-106
T-4 7.350 ¢ 100 $.107
T-4 6.955 ¢+ 80 $-1706
T-4 6.630 ¢ 200 1-2612
T-4 6,660 Mazama
. Ash
T4 6,290 ¢ 250 1-2778
T-t 1,920 ¢ 330 GSc-1132
T4 2,780 + AS $-1799

Refereice
Rains and VWelch
in progress)

Westgate, et al.,
(ag7d) " °

Hc;t(.to} (1969)

McCallum and M

Wittenburg (1962)

Westgate, ot al.,
(1978) '

Lowden and Bleke
(1968)

NoCallum
Utttoabur‘ (1961)

McCallus and ~
Wittenburg (1962)

Rains and Welch
(in progress)

Vest ;to.ot li..
(1968)

Westgate (1969)

Westgate (1969)

Lowden ot al.,

Rains and Weleh
(in progress)

(1971)

Valley
at

Edsonton

Idmonton ~

Edsonton

35 ks wvest
of Edsonton

Edsonton
35 km vest

of Edmonton
35 ks wvest

* of Edmonton

)5 km wvest
Yort
Saskatchevan

Edmonton

Edmonton

Edaonton

Edmsonton

Edsonton

appear to be anoselous for their stratigraphic positions.

13

- NORTH SASKATCHEWAN RIVER TERRACE

gosaents
fros alluvius associated
with initial inecision of
Morth Saskatchevan River.

Bone: from alluvium of 19 s
terrace,
Palecsol: above alluvius and

capped vith loas
Marl: overlying floodplain
sand and silt of lovest
tertace.

fros clean cross- boddod
sands of the 9m terrace.

Bone:

Wood: fros top of river
gravels, gl above channel.
Wood: base of Mari,

Woodi' Jm adove base of Marl,

encasing saterial, over-
bank fines bracketing s
tephra,’ presuasbly
Mazama Ash.

Charcoal: roB slluvium
directly underlying Kl;lll
Ash.

.Identifiéation by electron -

uiero:robo analysis of

the chesical composition
of volcanic glass. -

Charcoal: fros alluviua
directly ovcrlyln‘
Maszams Auh .

Paleosol: horizon of huais
glcylol elovw 50 cm ¢+
alluvius, underlain by
alluviua vith Mazama Ash.

bison tibia, from
alluvium, positioned in
sands ebove gravels.

Bone:
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re1terate that four main terrace levels occur in the valley
The second important rev1s1on made by Westgate et -
(1976). was the inclusion of a rad1ocarbon date from thei

'_ T-3 site W-3 (Figure 2.1a). A-date of 10,700 % 150.yrs. BP.

(1-4553) wds obtained from bone of an extfnct horse. EQQQ_V

Asinus cf. convers1dens (Table 2. 2) The esttence of th1sA

bone was mentioned by Westgate (1969) but at that time the

material had not been dated.

2.2.2 Recent Work

In. 1980 a large excavat1on for a road tunnel be1ng
constructed d1reetly north of the Par11ament Building,
Edmonton revealed thick depos1ts of T-1 alluv1um (s1te‘
“location G-1, Figure 2.1a”and 2'1b)f Two fractured bones |
were retrieved (by the author and R.B. Rains) 'from:thist
alluvium, and one bone y1e1ded a rad1ocarbon date of 10,740 -
.i 470 yrs. B.P. (S 1923)... The alluv1al sequence revealed by.

the excavat1on 1nc1uded vert1ca11y and 1atera11y

-

d1scont1nHOUS gravel beds vary1ng up to 4 min th1ckness

‘These beds were 1nterspersed w1th th1cK depos1ts of

p]ane bedded and cross-bedded sands . A lowermost gravel
'un1t.of(of indeterminate thlchness,(Figure 2.2) was -

dominated by Corditleran quartz clasts but contained . B

,s1gn1f1cant numbers of Canad1an Shleld 1gneous and

Lt a

metamorph1c clasts The two bones noted ear11er, were~ B

Tv_retrieVed‘frbm a th1ck sand unit a few»eent1meters above 1ts SIEI
ey optact with. the Jowermost gravel . foﬂfff'"‘ff'“jirj;i;n;;ﬂﬂw;:

. S

» - -

clm,
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Figure 2.2, T-1 alluvium (site G—i), North Saskatchewan
* River valley.
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AN exposure of T 2 alluv1um was also recently found on |

the south bank of . the r1ver (s1te locat1on G- 2 F1gure 2 1a)

v-d1rectly across the valley from the w 2 excavation s1te 4 ’ '
descrxbed by Westgate et al f (1976) The elevat1on of the i

,small remnant tread. assoc1ated w1th s1te G-2 is . ‘ ' - _
"approx1mate]y 30 m above the present river channel, and this
" is almost 1dent1ca1 to. the elevat1on of s1te W- 2 (Westgate"é;l.
et al. 1976) The alluv1um exposed at G-2 was’ dom1nated by

*?gravel w1th ,Some elements of 1mbr1cat1on (F1gure 2 3); Mlnor

,glsand }enses were numerous but d1d not constltute a: maJor

htproport1on of the alluv1um The sed1mentary fac1es of this,
: terrace sect1on and those of the W-2" sect1on descr1bed by f_f57f?
‘Westgate et a1 (1976) are apparently 1nchat1ve OF &
rapidly aggrad1ng perhaps bralded r1ver reach L

A terrace sect1on , w1th a tread at 1ntermed1ate helght

'between the general T-3 and. T- 4 re]at1ve elevat1ons, was

'noted at s1te location G- 3 (F1gure 2. 1a) The'alluv1um of'“

]
th1s sect1on, (F1gure 2. 4), over]ylng approx1mate1y 1 5 m of

. exposed bedrqgk. showed a f1n1ng upwards sequence w1th 1 5.

m of basal gravels succeeded by 0.5 m of horizontally bedded

Toose sands. and. 1. 5 m of well sorted well compacted

o

overbank f1nes (sand‘ s1lt and clay) These facies . reflect

o act1v1t1es of a relat1vely stable meander1ng channel

,4_jsystem depos1t1ng sed1ment by vert1cal and 1ateral

:7;;accretion Nestgate (1969) noted 51m11ar fac1es Yo his T- 3

?'sect1on {s1te 1ocat1on w 3 F1gure 2.-1a)y, - wuth conSIderable

"C$var1ations in thickness of 1nd1v1dua1 sedimentary un1ts

S
-----
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T-2 alluvium (site G~25, North
River valley.

L 4

.Saskatchewan




.
- -
. - a %
"
-~ L I
.
- \
:
o- -
L.
LTeost R
.
.
a i
-

Figure 2.4,

Alluvium of site G—B,'Norfh\Saskqtchewén Riverx
valley. : ' '

.

@



Cow

dQ' preserved“and these provrde many we]l exposed alluv1a1

O . S U O SOOI PPN U SRS NP

. Remnants of T-4 are, ﬁor obvﬁous reasons, the best

-
- -

,sectlons 1n the area. For example mecent investxgat1on of a

T

comm T4 sectwon at 51Ie G -4 (Frgure"Z”Wa) ylelded b1son bones

from alluv1um approxzmatety 2 m‘be1ow the terrace tread
surfaoe One bone sample was rad1ocarbon dated at: 2780 + 85
'yrs, B. P-. . (S 1799) Also of 1nterest in this.T-4- sect:on
was a- burled organﬂe bed oVer1a1n by a 1”m~bed of poorly
compacted, very fine sands and s1lts wh1ch capped the |
section This uppermost bed contained a thr1v1ng tree  the
~base of wh1ch was assoc1ated w1th the buried organ1c bed
This, in conJunct1on with the late Holocene bone date.'
suggests that at least the upper 1 m of al]uvium was

: depos1ted qu1te recently The T-4 tread surfacesr wh1ch

e .

occur approx1mately S8 m above present Tow- stage water .

\« ~,

1evels have been susceptwble to 1nundat1on and dep051tlon

dur1ng long return-per1od floods of even recent t:meS* It

« s

should be noted, for example, that m 1899 the Hudson”s Bay ~

' Company steamer "North West“ was demol1shed when the- Nor th
Saskatchewan River rose nearly. 8. m.. (FO]IO; Univer51ty of
Alberta, 15 danuary, 1981L The report by Mustapha et al
(1981) 1ncludes photographs of Edmonton T- 4 surfaces
over topped by floodwater ‘in 1815, e

Another T- 4 rad1ocarbon date of 6955 80 yrs Bi§~‘

(S 1706) was- recently obtaIned for blson bone retrieved from

¢

a commerc1al sand and gravel p1t near Fort Saskatchewan, The-"':

numerous bison bones found at this»s1te Tay above,and below



i T

e e s e et e i

—

Ca tephra layer which. 1s'presumed to be Mazama Ash. The

l

L Mazama Ash (ca 8600 yrs.”B.P.) 1nterpretat1on is supported L

by the date -on bone retr1eVed from alluvium a few'f

centimeters below the tephra.

2 2.3 Interpretat1ve Update o ///f\‘ViQL,

B
-
4 g ®

ﬁn 1ntegrat1on of prev1ous work;on Jdocal and- reg1onal

~Holocene, fluvial activity may help to substantiate a -

.-probosed post glaciaﬂ gedmorphic,chronolooy of the valley.

A 'it'is:concluded thattfour, distinct, remnant ‘terrace tread

<

relative elevat1ons may be 1dent1f1ed for the Edmonton

sector of - the Nor th, Saskatchewan R1ver~valley Th1s'v1eﬁ“is

| supported by Kathol and,McPherson (1975) Henoe,_the.w--'

R
PR S ;

T”1nterpreted evolutloh of the val1ey w1]1 be d1st1ngu1shed in

. terms of f1ve developmental stages. wh1ch began w1th

“deg]ac1at1on of the area (Stage 1) and 1ed successmvely to

the contemporary river channel and floodplain {Stage" 55,

'F1gure 2.5" is a general1zed representat1on of the ‘valley

-~ -+ "developmant stages,

_rnterpreted'mafnly from the morphologic,

' strat1graph1c and” dat1ng evidence’ 1ntroduced ear11er F1gure

2. 5 also 1ncorporates comb1nat1ons of the maJor related

deg]ac1at1on ep1sodes (phases 4 through 7) suggested. by

St- Onge (1972) and Christiansen (1979). The follow1ng

d15cUss1on outl1nes an 1nterpretation of the 1nd1v1dual

i stages shown in Fzgure 2 5

‘Stage 1
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Figure 2.5a..5tage11,-if1ustrates St-Ohge'sv(1972)
proposed sequence: of de§1ac%ation and»proglacial lake N

development‘for the EdmontonjareaQ'The approximate date of

12, 5\9 years B.P., (Phase 5) was not'suggested'by'st-dhge

'(1972) but is. extrapoiated from ‘the” study-of Chn1st1aﬁ9en e e

-

(1979) That study 1ncludes a relat1ve1y comprehen51ve

deg]ac1at1on chrono]ogy for success1ve, late Quaternary. ice
frontal positions ‘im Saskatchewan In combined Phase 4 the
Laurentide ice front lay d1reptly east of the Edmonton city

area. A large, ice-dammed, proglacial,iake} termed Glacial

Lake Fdmonton by Bayrock and_Hughes (1962) ;- extended

westward. from the ice sheet margin inundating the Edmonton

and surrounding areas’. Durirg.combined phase 5 the ice front
lay approxxmately 50 km northeast of Edmonton and the '
Edmonton area was still Tnundated by a proglac1al laKe
D1scharges thr0ugh the Gywnne spillway IBayrocK and Hughes,

1962) and the Battle River system, were conducted to G]ac1al

A

Lake%Saskatchewan forming in central Saskatchewan at

aprQximate]y 12,500 years B.b.,\(Christiansen, 1979)..
tatfe _2, ’ ' . -/ . (:
~_. ' - ) | .
‘Stage 2

(Figure 2.5a) relates combined deglaciation .

dhase 6 with an earliest approximate date of 12,0bO‘years‘

Y

B.P., (Christia:sjs; 1979) . This stage entails the -

progressive expgsure of the 1n1t1a1 surface of the Edmonton

area as the level of Glacial Lake Edmonton dropped and |

i

drainage through-the Gwynne outlet to the southeast’' ceased.

\
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‘fhe.taurentjoe ice.front stillhlay about 50 km to the
_northeast, 'with the smaller, proglacialltake Bruderheim
(St- Onge, 1972) extend1ng west to abput the. eastern
outskirts: of the present Edmonton city area. At some t1me
- dur 'F}Ré tHis ‘Stage’ the éémy; Bost E]éé&a‘l B'ev”'e"’m;.},éaé' é? e
Nerth Saskatchewan R1ver valley began in the Edmonton area.

It should be ment1oned that the 1n1t1a1 post glac1al
'valley 1nc1s1on d1d not ut1]1ze a major topographlc ‘low Ttn.
'the areaq the preglac1al Bever 1y yalTey depress1on (Carlson.
1967). wh1oh 1ay d1rectly to the north. It has been
suggested by Thomson and. Townsend (1978) that the original

channel incidion began its deve10pment as an’ 1ce marg1nal

A'stream If thls 1s correct the ice marg1na1 stream would

\have been suQsequently lndundated by the. Glac1a1 Lake

"Edmonton- tn@nsgreSSIOn Follow1ng.dra1nage.of thel1ake the7'

- channel muSt have reinhabited -the-suggested, eartier, jice

marg1nal route ‘ o L

Alternat1ve}y..1t may be proposed/fhat the preglac1al

lvalley depression to the north was effective 1n ma1nta1n1ng
a’ mass of stagnant ice dur1ng th1s phase oF g]ac1al retreat.

‘:?The stagnant ice would have requ1red a protectlve veneer of

till, and assoc1ated debr1s. to have surv1ved d1ssolut1on

3

ithroughout the 11fe of the progla01al 1ake. Observat1ons on.

the character of glacagen1c sediments at V}llene0ve-45haw,'
1982) support thvs 1dea The stagnant ice, w1th such a

debris veneer, may weTl have temporarlly exxsted as a.

_topographic_"h1gh“’1mmed1ately follow1ng the Iake drainage ,'“

21
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thus forc1ng the develop1ng North Saskatchewan Rlver to cut
Cits estab]1shed route. " | o
;.' : The early 1nczs1on of the North Saskatchewan R1ver was
in the order of 6-3 m below ‘the' p1a1ns surface -This,

~-degradatigh. prdbablx woula have ‘have taken plaoe qu1te. A

of glac1olacustr1ne sediments and tills. The relatively

“small depth” of- 1hcis1bn - and nature of the. T.j a]luv1um_Aq
revealed at the Par11ament Bu1]d1ng s1te, suggest that the T
oldest terrace deposwts’were fermed~by bralded rlver

e
g,.--c LY

process;swuperhaps l1nked w1th delta1c seddmentat1on further

el - W w

eastward 1nto the reduced glac1a1 1ake Bayrock and Hughes K

FIE

(1962) and St Onge (1972) identified delta1c sedlments“‘
L assoc1eted wath Téte stagés of Glacial Lake Edmonton Th1sv
type of delta1c sed1mentatlon woudd have been comp1ex .
N because or Iarge but var1able sed1ment loads marked
seasonal fluctuatlons of dlscharge rrand the probab1]1ty Off.
rapldly fluctuat1ng proglac:a] Take levels The depgs1t1on‘

' of the -dated bone material in T 1 alluv1um about‘th1s t1me“"‘
sUggests that the 1n1t1a1 valley 1nc1slon and de1ta1c
sed1mentat1on probably occurred in the range of 10 200 to

200 years B P, or stightly earlier o _ ‘
S S v‘-‘ | - Qﬁ
. Stage 3 - A " Do D .
‘; Stage 3 (F1gure 2.5b) appears to have been - 1n1t1ated
"with the f1na1 dralnage of proglacial Lake Bruderhe1m -

(Bayrock and Hughes, 1962; St-Onge, 1972) through the newly
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?jbpened-up depre5510n north of Bruderhetm Thls-was followed
”thy river channe1 1nc1s1on and subsequent aIluv1a1 ,
'Hﬂaggradat1on form1ng the T 2 floodp1a1n The combined -phase 7
"'*of St Onge 11972) Chrxst1ansen {1979) saw- the North -

_:Saskatchewan Rivgr/:§tabl1sh a new route from Edmonton tQ

-~ sproglacial’ Lake SasKatchewan in central Saskatchewan In the

~ o e R 7..* o»--o'- - - P ]

Edmonton area the 1n1t1al react1on ‘of the North Saskatchewan
"R1ver to the drop in base-1eve1 accompany1ng the

“Rd1ssolut1on of the proglac1al lake wou]d have been rapid

S » I A e Cew e

'1nc1s1on It is est1mated that the depth of 1nc1s1on was :
N h:A approx1mately 15 m below the tread surface of T- 1. The
-u~development of T-2 is marked by only a small number of
"terrace remnants so far identified: in: the valley of the
‘Edmonton area (F1gure 2 1a) The related exposures‘of T-2
?alluv1um d1scussed earl1er show character1st1cs which
;suggest that fd]low1ng the second mawn ep1sode of 1nc1s1on
the river temporar11y attalned a rapwdly aggrading,
' h1gh energyr possibly bralded_reg1me. If incision to .the
base'of.t—2“at1uVium came partly in response to the new
'base- level of_Qlacial'LaKe Saskatchewan (berhapS'combined
with the effects of isostatic uplift) the estimate of 15 m
| of'inciSion'is not.unrealistic No dates gre yet available
for T-2 alluvium, but the approx1mate age of th1s terrace 1s
3est1maii? between g, 000 and 10 OOO years B.P.

4
B

Stage 4 - 5 - imJ““ R
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The subsequent river incisiort Thto the T=2

,.,.»surface(F1gure 2 5b) and then aggradat1on of -3 alluviuﬁf‘~»w»»

cannot be conf1dent]y re]ated to spec1f1c causa] factors

}Speculatlons will thus be av01ded unt1l such time as further:

‘ rad1ocarbon dates are obta1ned ftom the T-3 depos1ts The
date of, 10, 700 & 150 yrs. (I -4553) repor ted for ‘the

alluvium of T-3 by- Westgate et al. (1976 - s anomalous. The
|

_recehttytpraﬁhed'dat§-9ff[e;74o~_ 470 yFs. B.P., ($-1923] .

" for T-1 alluvium (Tabie 2. 20 1nd1cates tha¢ the T 3 bone

material dated by Westgate et al : (1976) was almost

~"“c:er*tua«-m_ly.hr~e_-.dep_oLSI-tedw-and 1s*un11Kely:t0ﬁbe<ébntemporaneéué

.w1th T-3 alluvial deposition.

"The - nature of T-3 alluvium suggests that by th1s stage

-of valley development the r1ver_behay1or d1ffered

appreciably from that prevailing during T-1 and,I:2~alluvia]>
sedimentation.-The.sequenCe of T7-3 a110vium' ponsisting pf
basal gravels, then po1nt bar sands capped with overbank ‘
fines, reflects a s1nuous or meander1ng channel undergo1ng
lateral accret1on with the predom1nant accumulat1on of
point bar and overbanK sed1ments The older alluv1a]
sediments of T- 1 and T 2 appear to have been dep051ted under‘
c1rcumstances of more pronounced bed- 1oad sed1mentat1on

typical of braided or quasi -braided rivers.

Stage <]

- The latest stage of valley evolution began with.

Aineision below the floodplain leve] associated with.T-3



'aggradat1on (F1gure 2 Sc) The rad1ocarbon dates from {"t}”‘ -
organlc mater1als in T 4.alluv1um (Table 2. 2) suggest that -
th1s 1nc151on must have been com;Qleted before aBout 8 000
.‘years B.P. Th1s latest 1nc1s1on ep1sode corresponds
chronolog1cally with the near flnal stages of Laurentlde
deglac1at1on far to the ‘north-east, although d1rect ‘causal
llnks canriot be proven. For example, 1t has been suggested
that Glac1al Lake Aga551z 1n 1ts northerly late stages,.~
.ex1sted untl] approx1mately 8 OOO years BJE” (Teller, q

1976) . Whether the factor of related base level’ depresslons.

for 1ncreaslngly remote downstream zones , Wa$ 1mportant for -

. local valley development 1s qu1te debatable

"The stage 5 time- span embraces much of the Holocene

epoch and thus it is clear that the greater proport1on of

- North Saskatchewan River valley 1nc1s1on 1n the Edmonton

area occurred durlng early Holocene tlme Comparatwvely slow -
lateral m1grat1on has been the predom1nant ac1t1v1ty of the
,‘r1ver dur1ng the past 8, 000 years In51gn1f1cant inci
(at most up to three meters) has taken place bel\\'l.’ﬁzr
'bedrock/alluv1al gravel contact of T-1 during that =~ -
,time;spany- B | |
B The following major’points summarize -this section'on
the North Saskatchewan R1ver valley.
‘f'(l) Remnants of. four terraces exist in the Edmonton
-area. | _
(2);The alluvial sediment characteristics appear to show

that'thé river has evolved.from an_earlier bed- load



. dom1nated type towards a suspended-load domlnated form
f (3) The T-1 date of 10,740 ¢ 470 yrs. (S 1923},

" and the broad span of dates from exposures of T-4
~.a}luv1dm. show that much of the tota] valley 1nc1swon

- took place. in earFy Ho]ocene t1me

2.3 Whitemud and Weed 'CheekVaH‘eys

- .
. . o RN . e
R o i . - . : . R

. | . . v : 44
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2 3.1 Re]ationshlp to the Strawberry Creek Va]]ey
The Whltemud ‘Weed: and Strawberry Creeks are southern

. e tributarie§ of” the North Saskatchewan R1ver in .the vicinity,
‘u, or to-the -west, of Edmonton (Figure 1. 1). The three bas1ns
are 1ocated in close prox1m1ty toceach other, are of s1m11ar
- size and exh1b1t comparable basin rel1ef These superf1c1al
factors contr1bute to proposed s1m11ar1ty of their -
Holocene geomorphic deveiopment’~ They have presumably.
adjusted to common bio-c]imatic'changes effecting tongfterm
‘streah discharges and'sedfment suppWies .Also'fthe three“
bas1ns have largely developed on ‘Upper Cretaceous bedrock
with a’ ‘variable but comparable veneer of Quaternary
- sediments. In-short, it is suggested that the major, post
glacial geomorph1c phases (espec1ally channel aggradation
and-degradation) were probably time- synchronous for the
three tributary basins.. *
‘Shelford (1975) proposed that the evolut1on of the Weed

Creek basin closely paralle]ed_that of WhitemudaneeK“baS}n



tRains, 1969a) Chapter 5 of the present study ww)l show
oonclustvely that the Strawberry, Wh1temud and Weed Creek
. basins exh1b1t strong morphologzcal s1m1]ar1t1es. and that
they have probably evo]ved in-a time- synchronous manner .
Because the terrace terminology employed in the studies of .

'iRa1ns§}1969a) and Shelford (1975) is not ent1rely con51stent‘

Table 2.3 shou]d be referred to for clar1f1cat1on

:2.3.2 Whitemud Creek Valley

‘ Rains (1969a) studied the morphometr1c, 1nterfluve
valley and channel character1st1cs of the Wh1temud Creek
basin. As part of that study he mapped the remnant.alluvial
terraces, descrtbed the alfuvia] terrace stratigraphjes and
- plotted terrace he1ghts above the present channek{;:iftle of
the creekK. He conc]uded that 51nce deglaciation there have
been at least three, and probably four, phases of ’
inciston/aggradation-resulting in three remnant, out and
fil, paired'alluyial terrace suites. Two older remnants or _
an unpaired, ("high level") T-1 were found- preserved ﬂn the
downstream reaches of the val1ey These were thought to
probably represent the first 1nc1s1on/aggradat1on phase
following the initial dra1nage bastn development. Numerous
paired terrace remnants of T-2, T-3 and T-4 were identified.
Towards the lower end of the basin, to about the Blackmud
Creek oonfluence, the terrace treads have approximate
elevations of 16.m tT—1); 12m (T-2), 6 m (Tf3) and 3 m

(T-4) aboye the<contemporary channel. Rains.(1969a)

0



‘ Basin (this study)
Terrace - Height Terrace :-

. .

TARLE 2.3. OOMPARISON OF THE STRAWBERRY, WHITEMUD, AND WEED

CREEKS TERRACE TERMINOLOGY AND HEIGHTS!.

™1 20-22 m High-level
' Terrace

f"I‘—Z’J' 12-14.5 m Upper
Ter'race

™3 6- 8 m Middle
: Terrace

™4 3- 4.5m Lowest |
: Terrace

(Rains, . 1969a)

Weed.Creek Basin -

(Shelford, 1975)

__l Height range above present 1low water surface.

~ Height Terrdce Height
15 ‘m - Highest 20-22 m,
: . Terrace
12. m-  Upper 1316m
: Terrace
4.5m _  Mdlle 9-1lm
' Terrace
3 m Lowest 3-6m
. . Terrace ’
', -

3™



.35

correiated the Whitemud Creek terraces with the four-fold,
North Saskatchewan R1;er valiey su1te 1dent1f1ed by Westgate -
(1969) This extrapolation was cohs1dered by Rains (1969a
p.243) to be'tentative because "a more def1nit1ve assessment
of the local geomorph1c history awa1ts detai led
geochronological work on’ the h1gher terraces Related

evidence, °in Chapter 6 of the present study, w1ll show that

this tentative extrapolation now must be abahdoned.

Shelfoﬁa\(19\5) td tified:four paired, cut and fill
terraces preserveﬁ in the Weed Creek valley H1s study

confirmed the pai e ex1stence of T- 1 ~which was only

represented by two mnants in .the Whitemud Creek valley.

Shelford (197é)videnti ied relative tread heights above the
present channel‘as 20-22 m Trﬂf. 13-16 m (T-2), 9-11t m
(T-3) and 3-6 m (T-4), and stressed the very close

similarity to Whitemud Creek ferrace heights.

2.4 Summary
' The objectives of this chapter have been three-fold.
First was the_neeessary review ofﬂprtor studies regarding
the Holocene deve]qp@ent of the North Saskatchewan River

valley fn:thetEdmonton’area. Second, an outline of recent

work in the same valley sector has led to ajrev}sion of

morphological and chronoldgical interpretations of the



valley development: Th1s is of - 1mportance for analyses of -
its 1ocal tr1butar1es, wh1ch 1nc1ude\Strawberry Creek.
F1nally prev1ous works on the Whltemud (Rains, 1969a) and
Weed (Shelford, 1975) Creeks- were oltlined in terms of their
relationﬁhip to the Strawbenrry Creek. A1l of the above has
been presented as an‘introduétiqhﬂto the regional Holoc \
" valley development relevant to the Strawberry Creek. The" ‘
ré&éining chapters focus particu}ariy on the Strawberry
Creek basin;‘beginning with the bedrock foundqtjpn upen

which the basin has evolved.

W

A
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3  STRAWRERRY CREFEK RASTM: REDDACIC (FEM AGY

7 1 Introduct fon

The main aims of this chapter are to review the

racently revised stratigraphic nomenclatine of the late

CreYaceocus and Tertiary rocks. and their general

rhnraéteristics. which outarop in the =tudy basin. The

St awberry Creek basin ic genlogically interesting in

tha!

it inelidae ev¥peosites of the Kneehillsg Tyuff stratigr aphir

marlc o o ceapnamically important cnal seams and nits whic!

span tpe Cretaro~nue Tartiar, stratigraphic boundary. The

vnder 1vling hedrock was algse of some importance in the

] -

Quaternary germorphic development of the study-area hrcan-

the preglacial topog aphy partly influenced the type-

accuymplation ~f o ‘?’JiHPi‘*]. Pidsiﬁtocpnﬂ and HnlAanena

syrfirial gedimentsg The bedroct 1inite are of varied

lithalngies, ~ontrastec induration and differ in thei-

recistanre tm av'osi- n. Thys the rwregent n‘i"vrp'mlnqy ~f

Araina~ bhanin an ' avticrglar 1y the for - of the mair
P 2

SIEEER B SN e e Yy P f Yol ad By hedr - ! P I IO

2 " fravious Studies, Central Alberta

The central plains of Alberta are onder Tain by =a
westward -tipring succession é} sedimentary Strata f
Cretacégﬁs and Tertiary ages. The boundaries and

nomenclatir » ~f these strata have heeh subdivided an-

oy

- | | ! 37. -

g
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revised b;T;\number of researchers. Allan and Sanderson
(1945),established the .first significant nomenclaturé and
stra%igrgbhic boundaries for the central Alberta Plains
(Table 3.1). They propésed a three-fold division of Upper
Cretacéqus strat; of the Edmonton Formatyoﬁ’(a term first
used by Selwyn, 1874). The Bearpaw Formatioh.‘éonsisting
largely of dark marine shales and sandstones, was defined as
the base of the Edmonton Formation Thé Drumheller marine
tongue and the Kneehillg Tuff zore were used as-
stratigraphic markers separating the lower, middle and upper
members of the Edmonton Formation. The base of the Tertiary
Paskapoo Fo:mation (a term first'used by Tyrrell, 1887) was
demarcated above the coal-bearing strata of the upper
Edmonton Member and at the base of a coarse gvawﬁed m3551ve
sandstone. Allan and Sandensdn (1945) postulated an '
erosional, nunconformable, contact petwpen the Edmonton and
Paskapoo Formations. and sé;dnsfnd this as the'

Frotareouq Tert|=vy houndary .

Owef (1960) qubd!V\ded the Edmonton Format1on of
”ent'a} Aiﬁprta 1ntQ fxve members -an the bas1s of ]1tholnqy
(Tahle 3.1 ), ‘le elevated tn membear mtatus the Kneehll]‘s
Tyuff, and'its’asséciaggé bentonitic shale and bentonitic _
white saﬁdéfnne at the bas; (Memhber D) He also subdivided
Allan and Sanderson’s (1945) lower and middle Edmonton
Formation into three members, with Member- 8 jndludinq the

Drumheller marine tongue. Members A, B and C were

dietinguished by the presence or absence of coal seams and

nhe
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carbonaqeous material. Ower (1960) atb1trar1]y placed the

Edmonton-Paskapoo contact at the base of a coal.- free

. ‘sandstone above the Ardley coal seam of Member E. This..

EU.

contact is s1m11ar to that proposed by Allan and Sanderson

(1945). However, Ower (1960) d1sagreed with Allan and
Sandérson’s (1945) 1nterpretatlon of an erosional.
unconfo;d1ty between the Edmonton and Paskapoo format1ons

He suggested that continual sed1mentat1on characterized
Edmonton ﬁaskapoo time, wﬁth only local erosion- occurr1ng as

the result of stream channel processes

"Irish (1970) substant1a]]y rev1sed ‘the previous_

‘“subdiVisjons"and nomenclature of Upper Cretaceous and

. ' - N
Tertiary strata and.stated that earlier work had been based

\

- on l\tholog1c dwfferences of* beds wh1ch lacked w1despread

-marker zones Therefore he cons1dered these useful only for
local correlat1ons Ir1sh (1970) employed the
strat1graph1cally contlnuous. lithologically homogeneous,

and time-synchronous Kneehills Tuff, and its associated -

deposits, as a reliable and widespread marker'throughout'the

central plains of Alberta. He identified“the o
Paskapoo Edmonton contact as d1rectly over lying these

depbs1ts

7

Furthermore, "Irish (1970) re-defined the Edmonton

Format1on as the Edmonton Group and subdivided the Edmonton
Group into three format1ons (Table\3 1) ‘His yorseshoe
{ ’

Canyon Format1on included.Ower’'s (19609 Members A, B and C*
Irish (1970) subdivided Ower’s (1960) Member D into the

-



whitemud %ormation aﬁa the Béttle Fd;matidn Strata above
the Battle Format1on were assigned to the Paskapoo
Format1on with a Scollard Nember including all strata
between the top of the Battle Format1on and the
strst1graph1cally highest coal seam (this included most of rr
OWer’s}'1960, Member ‘E) . | |

\Gibson (1977) ;ﬁcorporated the SUbdivisions'aﬁd
' nomgnc]ature proposed by Irish (1970) but re-defined the
'PasKapOQJEdmonton boundary as the top of the former Scollard |
Meﬁber He raised the Scollard Member to fOrmat{onal ;ank ‘
w1th1n the Edmonton Group.. G1bson (1977) agreed with IP]sh
(1970) that the Paskapoo Edmonton boundary is difficult to‘
" delimit because of 51m1lar1t1es of sandstones and - . e
inconsistencies of. coal seams in field sect1ons He stated;
however, that "this A%es not warrant lowering the long
established 1ifhologic and biostratigraphic contact between‘
the Psskapoo and Edmonton Formation to the top of the Battle
Formation..."(gibson, 1877; p.3). The lithostratignaphis
subdivision and romenclature proposed by Gibson (1977) is
usedthene to de%ins the bedrosk geology of the Strawberry
Creek basin.tAdditiQnal information on Upper Cretaceous and
Tertiary strata of fhe central Alberta pﬁains méy'be found
-in Ei]idtt (196b), Campbell (1962), Campbell and Almadi
(1964), Taylor et al., (1964), Williams and Burk (1964),
Srivastava (1865, 1970), Irish and Havard (1968), Carrigy
(1970, 1971) and Douglss et al., (1976).
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3.3 Bedrock Geo1ogy, Strawberry Creek Basin <
- The gensral bedrock geology outcrop pattern (F1gure
3.1) and a d1agrammat1c cross- sect1on (Figure 3.2) have been
conétructed using daa? from R1tch1e (1957), Pearson (1959,
1960), Ower (1960), éarrigy (1971), Ozaray (1972) Steﬁner
et al., (1972) and Holter et, at , (1975). The follow1ng are
br1eﬁ)descr1pt1ons of the format1ons (from oldest to
youngest) and 1nterpretat10ns of their significance,
following the WOrK,ot Irish (1970) and Gibson (1977).
3.3.1 Horseshoe Canyon Formation |

The upper part of the Horseshoe Canyon Formation
- outcrops along the Strawberry Creek valley walls in the
:}extreme northeastern part of the ba51n The ;ormat1on,
consists of an 1nterbedded.sequence of sandstone, si]tstone,
shale and clay ironstene, With several ceal seams.
Sandstone, the‘most common rocK.type of the formation, is
.poorly_indurated when associated with a high montmorillonite
content and fs well'indurated where crystalline calcite.
ferms the'predominant cement. The sandstones represent
fluvial and deltaic deposita of interbedded and lentieular.
facies. | |

‘Underlying the Horseshoe Canyon Fermation but not
outcropping in the Strawberry Creek basin 4is the Bearpaw
Formation consist1ng of mar1ne bentonitic shale, At

Lethbr1dge Alberta the Bearpaw benton1te No 1'has yielded
a K-Ar date of 75 m.y. and the top of the formation is about
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1 *427.3.3.2 ‘Wnitemud Formation

'sands&or\e predommate's This’*%may’ ,bev?]-ly d1st1ngu1shed

. from the underiywng Horseshoe Canygn‘:

457

,,’ s

68 m.y. old (Folinsbee et al., 1961)l . B

. & " ,
The Whltemud Format1on is a relat1vely thin (2-6 m),

.'l

)

dstones by 1ts"
b=

11ghter color and 1ts cons1stent stratlgraphlc occurrence

~directly beneath ‘the %g:tle Format1on B1nda and LerbeKmo

(1973), on the basqs of gra1n size analyses and

1nterpretat1on of m1croflora (Binda, 1970), lnterpreted the

dep051t1onal env1ronment of the Whi temud Format1on as

cont1nenta1 fluviattle" Furthermore,QB1nda and Lerberg%o -
(1973) state that the 'Wh1temud sandstones are of var1able

th1ckness,_up to. at least 30 m. B1nda (1970) 1dent1f1ed

spe01f1c outcrops of the Whitemud Formation 1n the

.

Strawberry Creek basin at Sec;”§,.TWP 50;; R2 WS;ﬂ_“_ -

T -

3.3.3 Battle ‘Formation
The“Battle Formation, and its associated volcanic tuff,

are easily recognized in outcrops and 6n electric logs from

dril]ed wel]s The ease of recogn1t1on related to its

stratlgraph1c. lithologic and chronolog1c cont1nU1ty,

‘ coupled wnth 1ts w1despread occurrence, make the Battle

Formation a most important marker-zone for surface and

subsurface correlation.



The Battle Formefion consists of g relatiye]y thin

" (3-10 m) sequence of mauVe4grey Wegqaéf:ng. dérk'brownish
grey to pUerfsh black, bentohitic claystone or'hudstone;

" Srivastava (1968) and Binda and’ Lerbekmo (1973, p. 73)
'suggested a cont1nental 'lacustr1ne to swampy" depos1t1onal
environment for the Battle Formation. Prev1ously, Elliott
(;QGOJNand'Russell and Chamney (1967) suggested that the: e
formation is part of a marine succession. Volcanie tuff

occurs wﬁthin.the'Battle Formation.and'Wag?hamed the

Kneehills Tuff by'Sanderson (1931) The tuff normally occurs
ih the upper part of the Battle Format1on as a s1ngle bed 4
_ (12 25 cm thick) or may occur as two to four th1n beds. The
tuff is light grey weathering, well‘1ndurated rock

| eonteining macroscopic VUQs.l ‘ -

Fbﬁinsbe ét‘a1., (196%) datéd,"by the K-Ar mekhod, the
Kneehills Tuff at 66 m.y.*5% using a bentonite .
straiigraphiced]y-near the tuff, from an outcrop along
Strawberry CreeK-(Shafiquallah (1963) obtained three K-Ar
. dates for the tuff zone and suggested a mean value of 66 =
1.4 m.y., thus corfrrming the tuff’s con§1stentA ‘
geochronology. thch1e (1957) and B1nda (1969) conrluded on
- the evidence of heavy mineral s1milar1t1es and areal
'd1str1but1on of grain 51zes, that the tuff probably

. originated in association with éh Upper Cretaceous

: extru;ivel the Butte Rhyoﬁfte, of Montana. \

.The Kneehills Tuff was observed during the present

investigation of the Strawberry Creek valley. Figure 3.3a



Figure 3.3a.

"igure 3 1b

?””l”'T'
1
em

Kneehills Tuff of Battle Formation, Strawberrv
Creek valley.

Horizontal view of exfrarted slah of Knerhille
Tuff. ‘

47
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shows sthe tuff bed exposure and a hortzongél view of an
extracted slab of the tuff is indicated by F1gure 3. 3b

The thickness of the Battle Format1on at different
"1ocdl1t1es ranges up “to 10m and in places even the overlying
Cretaceous beds (Scollard’ Formation) have been removed by
eroeidh‘(Ihish, 1970). Also, at the St?awberhy Creek valley .
section‘(Figure 3.3) a fossil vertebrate bone fragment was
discdvened in a re]etively ]arde block of horizontally
bedded, medium to fine gra}ned,-friable sahdstone.:weathered
‘ andleroded presumably from the overlying Scollard Formation-
This displaced sandstone bldck, with the foesi] bone, is t
shown in Figure 3.4. The Strawberry Creek Qalley location of
the south-southeast facing val]ey wall where the Kneehills
Tuff and fossil. bone fragment were found 1s presented on
F1gure 5.4 (Chapter 5). For further 1nformat1on on the
Kneehills Tuff and its associated strata reference.may he
made to Allan ahd Sanderson (1945). Byrne (1951); Ritchie
(1958, 1960), Eiliott (1950). Ower (1960), Campbell (19R7)

and Binda (1970),

3.3.4 Scollard Formation

The boundaries of. the Scollard Formation, as defined by
Gibson (1977), 1nc]ude all strata between the top of the
Battle Formation and the base of a mass1ve, cliff-forming,
sandstone unit (Paskapoo Format?on) above the uppermost
ma jor coal seam of the Ardley coal zone. Also pfesent are

the economically important Nevis (No.13) and Ardley (No.14)
) . N )
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coal seams (as defined by Allan and Sandebéon, 1945, and
re-adopted by Gibson, 1977)..The Ardley seam No:fl4, Qithi&
the Sco1lard Formation. héi been dated by the K-Ar method a'
63 m.y. fShaFiqullah et al., 1986). For further references
to the ani-g;aring strata of the Scollard Formatinn seé
Pearson (1959, 1960), Campbell and Almadi (1964), Camphé]‘

{19792}

. / : .
(1967) . Kramer and Mellon (1972), Steiner ot al.
Holter et al.. (1975), Yurke (1975), and Gihson (1977) .
The controversial Cretaceoys Tertiary stratigraphir

hbaundary occurs within the Secollard Farmation A re ent

study by Russell and Si”ghkl1g78)' in south central Alherita

~

placred the CPetaCEOUS'TePtiaP} hoynaf%v\at the hace rf t'a
Ardley (No. 14) coal ceam. Their hOUndaiv definition =
the basis of diﬂosaQr remaine thought ta ha
stratigraphically above the Nevis ('lm. 13) ~pal geaw
tarhekmo %Y al ‘lq?gé)‘noted that the stratigrap' i
pemition of the dinasanr rem;ing teprar tad hwy Rueceell and
Cingh (1978) was incorr~ctly repnrted. The mere 1o ent
‘”vestiqatiﬁw coneluded that "all in situ dinosaur vemning
reparted so far from Alberta have been found Falaw thae oy
conl geam” (|l arhekmn ot a' | 10793,'p%1966) Thie, [ear!' -l
et al . (1979~) plare the Cretaceous Ter tiary ety i
south central Albe' ta  at tha tor Al the Ne ie (Ho 17) e
seam. In addition, qubnknw et a' | (1970h) fe¢4 ther defir -
the Cretaceous Tertiary bound=ry at the top of the Nevie
saam or maqnpto‘g?ra'igranhiﬁ evidenrce. ''n the haeig of

ala on K-Ar dates ~n heontanita ent thin Yesiineinge 'orbnkm@
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et al., (1979b) provide a mean age of 3.1 + 0.5 m.y. for
the Cretaceous-Tertiary houndary. Thus. the hnundary has
been strongly defined in the northwestern interior of the
ilnited States. and southern Alberta., on the hasis of many
studies recording svnchronous éhanges in the micr~floral
re~ord (St ivnstava, 1968, 1Q70: Cneard., 1969) the

ralvnofle Al pecond (Leffingwell, 1071), ttre dineccayr recar
(Lrrbalrm ot 5]., "NT70AY ant magnets st at o aphy (lﬁl“ﬂ‘"m
oA, 1°7Tah)

In "igures 3 | and 3 2 the Cretaceniis Tertiary

houndar v, fBr the Strawberry Creek basgﬂ rockK sequence, h--
be+n gtratigraphicaltly designated at the top of the Ne‘is

N 13 ¢ nal seaw' The specific acrurrence ~f the Névic M

17 ~aal -&gm in the Strawberry Creek basin cannot bhe
verifis " ~ithout further detailed idvestigation, Within ' -
t~ntral Albarta, 4rdley -pal vone . the Nevic Yo 1?2 ~n-)d
~cam = v.n'iwailv devel nea~ and preserved 1o placag il i
dirtinct and ctratigr phically j.'er\“r‘at"l‘rad from the " 'tey U
14 szav bt 'noother places it ig abgent. At some
laca'itisag jt may b= cavhined with the Ardl~y N~, {1 ~0al
sean {Holtar =t at . 1775R) The explamation far thie in thint
the patenen ironment~1 renditions reflectad by the
sedimentary deposits of the Seg'tard Formati~ suggest a
“complev of hinad, swampy flond plains ac' nss which easter v
and n~rotheacter ty flowing drajpage sygteme traverged and at
tims  cnale ced” (Ho'ter et 3l | 1075 pn 23) The Ardlsy

'

py e 3 - |)95:»'-' mi el Ty thp T Al vy \ C’*Q‘e,\‘v bimem j1y "'\p



Wébamun Lake area (directly northwest), and Wizard Lake area

(dfreétly southeast) .

SN

-

3.3.5 Paskapoo Formation
Rocks of the Paskapoo Formation are ogcasionally

exposed at the surface within the Strawberry Cceek basin. .

Locker (1973) described the Paskapoo Formation strété,as

tenticular beds of sandstone, siltstone and claystone, with

massive cliff forming sandstones predominating. The Paskapoo

Formation sandstones are generally coarser grained, less

bentonitic, more strongly cemented and usUally of a darker

color than the undgrlying sandstones of'the Edmonton Group.

The Pasl apood Formafion is considered to beAnon"coal"hearing

in this o nan altthangh ~me pec: Ty e eloped lignite deas

[AAINY

3.4 Pronk Topograr
)

3 4.! Bedrock Topography: Central Alberta

The bedrock surfare of the gentral plains of&Albe}ta
tinderwent é denudation cvcle (cycles?) prbbably in the late
Oligocene, and generally intense éréSfSﬁfcbntinued through
the Miocene and Pliocene into the Pleistocene (Taylor et
Al., 1964). The bedrock surface was stripped of a large,

indeterminate mass (approximately 610 m: Scott and Brooker,

'R} Af lertiary sadiments The amount nf moelification of
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the preglacial topography by the Pleistocene glacial stages
is.not Rnown.‘but would have been comparatively minor in
rq1ation to the cumulative.effect of the denudation
procéssés that occurred preglacially. In A;berta; the end
product of tnose'denudation processes was a contemporary
bedrock su}face ghat éxhjbits a re]ativély minor element of
Tertiary strata. Consistent outcrops of Tertiary sedimentary
rocks occur in Alberta along a northwest * southeast
trending line that traverses part of the Strawberry Creek
basin (Figure 3.1).

Preglacial valleys and channels deeply incised inté
bedrocd.are characteristic of the bedrock sur face
tOpOgraphy.'The preglacial valleys are gopographically quLﬁn
distinctive, anq!havéybeen mapped inqa!,tral and southern
AMberta by Stalker (1961), farvo]den (1963) and Carlson
(‘067;.1970), among other;JFarvo1den (‘933) suggesteé that
the méi” divides and stream channels of the preglacial ’
topography began developing #n the mid'T;rtiary. 0Oligocene
epoch. The regional drainaé;#;attern depicted by thé
‘pre@lacial~9alleys suggests that the n@in drainage systems
flowed to the hortheést. Residual, unconsolidated,
preglacial materia]s.are intermittehtly preserved,
éccasionally on southern A?berta uplands and predominantly
in preglacially developed vaa1eys. as alluvial fil) or
terrace deposits. From the discovery of representative

mamma lian fauna in the preglacial sands and gravels, these

depnsits are known to partially span the Tertiary period
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(deposits capping upland areas; Storer, 1979) and
Pleistocene ego@h (valley fill and terrace dequits;
R?imchen, 1968). The digtinctive lithologic character,
dominated by quartzites, of the preg]acial.sands and gravels
suggests an original provenance to the west. in the Rocky

Mountain region.

‘3.4.? Bedrock Topography: Strawberry Creek Basin:

The bedrock fopography.of,the Wabamun Lake area,
including the Strawberry CreeKwBasin, has been mapped by
Carlson (1971). This map shows clearly that the basic
morphology of the present Strawberry Crgek basin has Been
strongly regulated by the underlying bedrock topography.
Bedrock "highs", corresponding with the surface outcrops of
the more resistant. Tertiary, Paskapoo Formation sandstones
near the southern, western and northern perimeters of the
basin, coincide with parts of the contemporary drainage
divide. Thus, the topographic "highs" of the post glacia)
landscape roughly correspond with the under lying preglacial
bedrock “"highs”.

The dominant feature of the basin’s bedrock topography
is a preglacial valley, called the Warburg valley by Car.lson
(1970). The preglacial Warburg valley constituted a
tépographic "low" which the post glacial Strawberry Creek
reinhabited, and the contemporary channel exists within’;he
confines of the preglacial valley. The depth of vélley

incision for the preglacial channel has been surpassed by
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the mederh channel in pérts of the Strawberry-CreeK valley.
This is+evident from Carlson’s (1970) map on which are
superimpeeed the contoured-depths of the preglacial ahd post
glacial valleys. This premise is further verified by the
fact thaiﬁpreglacial alluvial sand and gravel deposits were
observed in the field at various elevat1ons above the
present thalweg. The apparent reason for the different
depths of pneglecial versus pest glécial incision is-that

.the present Strawberry Creek meets with its local

—
-

base-level, the.post glacially positioned North SasKatchewan
River valley, some distange south of the preglacial

base level Junct1on Thus the preglaCIal valley alluvial
depos1ts occas1onal]y exposed in the preg!ht valley reflect
an upstream segment of the,Warburg valley that met with its
local base-level, the Beverly valley, fur ther downstream to

r

the northeast.
3.4.3 Phégleéia1 Valley and Pleistocene Degosition
Durtnévthe Pleistocene glacial advance, the Strawberry
Creek preglac1a1 val]ey was over-ridden and 1nundated by the
Laurentide ice sheet. The pregjac1al valley tepograph1c
“low" consitituted a sediment trap dﬁring the advences and
subsequent retreats of the Laurentide ice sheet.
Consequently, representative Pleistocene glacial deposits
are commonly displayed in the Strawberry Creek valley.
During this research exposures Qf glacial tills, inteF-ti]l

sands (possibly sandur deposits), structures iﬁdicating ice
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flow directioﬁ, and proglacial lacustrine sedimehfs were
recognizéd jn the valley..The Stgawberry Creék valley, and
others.infiuenced by preglacial valleys - in theIAlberta
plains area, are ideal locat1ons for the study of many
aspects of Ple1stocene, Laurentlde; g1a01a1 depbs1ts The

“
genera’l character1st1cs of these sed1ments as exposed in

the Strawbérry Creek va]ley. are d1scussed in Chapter 4 and B

by Shaw (13882).
CA
3.5 Strawberry Créek Basin'Bedrock? Erosion Propensity
The Upper Crefaceous bedrock stra}a'are

chgracteri§tical1yvpoorly induhated, relativé{y weak, with ‘
moderate ‘to excellent propensity for fluvfal erosion.
’fhdiCations of volcanism during this'geolégic time period.
are e%ident.in'the Upper Cretaceous strata as distinct
behtoéite seams, bentonitic rock, and a high'mdnt;or{ﬁlonite
clay;confent of the sfrata The benton1t1c and | e

ntmor1llon1te clays of the strata read11y react with water
and thus greatly increase the erosive potent1al of the'
material. Geomorphic exémple; reflecting the bedrock
weakness and ﬁnstéﬁilitylare the'$1umping and landslide
actiQitieS which occur along the North Saskatchewan’Rivér
valley. In tbe Edmonton area this presents a major problem
for constrdbtion and preventative measures are required tg
stabilize the valley walls (Thomson, :1970; Thomson and

~Yacyshyn, 1977). In the Strawberry Creeklwalley bedrock

-



s]umping is quite evident. F1eld work carr1ed out in the

spr1ng was hindered by th1s mass movmen t act1v1ty

A

q

-

3.6 Summary : ) ' B

In summary, several important points need to be

. emphasized:

(1) The bedrock strata of the Strawberry Creek bas1n
'span parts of the Cretaceous-Tertiary periods. .

(2) An important marker-bed, the Kneehills.Tuff, is
displayed in the valiey.

(3) Bedrock topography played an important rpie‘in‘fhe
development of the basin's morphology. o

(4) Strawberry Creek has partly re1nhab1ted 2 preg]acial
valley. '

“(5) The creek has incised-i;to.seghences of
‘unconsolidated_g1acia1 depositS“End poorly indurated
bedrock. * L F

(6) Bedrock has nof been a major obstae]e to valley
development , fnsofar as fhe streta are oﬁ]y weakKkly
resistant to fluvial erosion and mass movement ‘

processes.
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4. STRAWBERRY CREEK BASIN; PRE-HOLOCENE SURFICIAL DEPOSITS

4. 1 Introduction

The aim of this chapter is to present brief
descriptions of pre-Holoeene surficial_deposits»observed in
the-Strawberry Creek valley Pre-Holooene deoosits are
displayed 1ntermittently throughout the valley and include
an assemblage of preglac1al gravels ‘and sands, gl301al
tills, inter-till sands and gla01olacustr1ne sediments.
éigure 4.1 is a diagrammatic cross- section show1ng the
general siratigraphic relationships of these pre-HoldoenefR
dep051ts The sediments will be discusse‘rseparately in
chronological order. Included w1ll be a short rev1ew of some
earlier, relevant studies, and descriptions of

representative exposures observed during field work.

'4 2 Preglacial Gravels and Sands
Pregla01al valleys of the Canadian prairie prov1nces
often contain remnan& channel fill and other alluvial
deposits along thejr courses (see, for example, Farvolden,
'}l§§3 and Carlson, 1867). In central and'southern,Alberta_
these alluvial sediments were deposited by breglacial,
generally eastward-flowing, drainage systems arising in the
western‘Cordillera.(Green and Laycock, 1967, p.72). In
additign to valley £i11 deposits sediments of similar

- provenance may occur preserved as isolated caps on upland

58
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areas. These upland materials almost certainly,predate the
a]luvial deposition in the preglacf??'valleys' Preglacial
gravels and sands are d1st1ngu1shed 11tholog1cally by

- exhibiting m1xtures of Cord1lleran and plains materials, but .
: without clasts derived from the Precambrian Canadian Shie]d
rocksf Stratigraphically the alluvial deposits usually occur
Onconformably atop bedrock and they comhonly lie beneath
Pleistocene glac1al sed1ments or Holocene alluvial depos1ts
These preglac1al depos1ts range in age from the 1at
Tertiary until deposition was 1nterrupted by continental
glaciation during the' Pleistocene. | ...

| Preglacial gravon and sands of the wéstern’orairies
have been doocribed in'numenous earth science ;tudies. Ear]yb
necognition of these sedﬁments was by McConnell (18é5).
Tyrroll (1887) andvRufhenford k1937). The designation of
surficia] gravels,and sands as "pregiacial, glacié]io‘ post
g}écial“ is essential for accurate interpretations ofﬂ
Quaternary stratigraphy in~tho oentral_piéins. Stalker
(1965lvadvises investigafors ES be cautious in making
2c1a551f1cat1ons of preglac1al gravels and sands
Pr1nc1pally, ‘Stalker (1968) refers to a particular sequence
of preglac1al depos1ts Known as 'SaskatcheWan Gravels ano
Sands", a term introduced and qual1f1ed by Rutherford
(1837). In an attempt to resolve mis-identifications and
imprecise classifications Stalker (1968, p.155) recommends
that the term "Saskafcnewan.GraVels and Sands" be restricted

solely to the last series of deposits laid down by
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preglacial riveré before the Quaternary glaciations
disrupted'thendrainage".'Furthermore, Staqker (1968)
presents efght criteria that shou]d.be met before the
classification of sediments és "Saskatchewan Gravels and
Sands” is certain. These criteria will pot be repeated here.

'As diigussed in Chapter 3, thé poét glacial Strawberry
CreeK partially re-inhabited\the pregl al'Wa;burg valley
. depression. A number of exposures in tlontemporary valley
exhibit:m§55es.of preglacial grave\s and sands of the forﬁer
Warburg Valley drainage systeh. The detailed hé;ﬁgnition of
"Saskatchewan Gravels and Sands" in particular'Wés"not
under taken fpr this study as their precise classifications
are peripheral to the emphasis of the thesis. Fér fhis
reason the sediments are simply referret to as "preglacial
gravels and sahds". In Chapter 5 éeneralized sections of
Holocene terrace al]hviumf\}ogged‘throughout the Strawberry
Creek valley, are presented in.figures 5.19 ta 5.22. Several
of.tﬁese Sections were found to have preglacial gravels and
sands underlying Holocene sediments ‘sections; 33. 39, 43,
45 "and ﬁ) o - )

" Figure 4;&. (septidn,45); exhibits a representative
exposure of preglacial gravels gnd sands in the‘étrawbééry
Creek Qalley. This section consists of approximately 8m of
bedrock, approximatelyﬂbm of preglacial alluvial deposits,
~which are commonly capped by up to 3m of post'glaéial
teﬁrace alluvium (T-1). A general view of this section is

presented in Figure 4.2a. The base of the Holocene T-1



Figure 4.2a.

Figure 4.2b.

General view dk T-1 section 45 with underlying
preglacial deposits.

Contact of T~1 alluvial gravela with under]lying
preglacial deporita.

Figuwre A Pe

Ti1] Toane of aserdon 48
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alluvial seqUeHEe is outlined by thé.lateral extensivenéss
of the'associated basal gravels,;genqral1y paralleling the
well defined terrace tread. Figure 4 2b displays the sharn
contact of the T-1 alluvial gravels with the underlying
preglatial deposits. The preglacial depnsits consist
predominantly of well bhed-ed sand brcasionally grading '
gravei size material. The common planar bedding with an
nccasional bed trincatinn, of thege Dreglacja1 deposjt§mic
evident on figure 4.2b. At one site of this section an
irregular.shaped lens of Laurentide till, up to T thick
was fduhd between the preglacial deposits and tha Halowena
terrace alluvial gravels. Figure 4.2c exhibite this
particular site (énecifiﬂ Iocation encircled ~n Figu e 4 2a)
whi~h digplays the basa! gravels ~f T | yndrr lain by glacial
tiltl with planar hedded preglacial alluvial demneits oy jdar’
in the lower 1ight «ocoen ﬁapmsition'7{ the gla~ial til]

‘
wrld have occurred ag the advﬁ“”i”Q Claistocens fre chant
P g eesed over tha preglacia’ salley Subseauent Hed oo s
deqradation of the Strawh=r1y Crealt tn the T | le |
Nt esents an.éros‘ﬁna‘ ettt eatwean tha Moloecane ailw o

aravels armd ot b Vi R A T P A

A 7 Laurentide T1lle

The glacial stratigrapby of contral Albecta has heen
examinad in vari~ns studies (I~ a revicw sae Wertgate

\Q(‘."\\ k vyl th mevr < e(:@l)’ syl o iy the o ddmevra by ar an /



prevailing issye has heen the arcurate dictinction of, and
correlatinn hetween, till jaitg and their representation 0;
Aicrrete | “urentide glwniél advances . “ontemnrrary adreeme
arpears te be that two Aietinetive titl ynite axist n t' -
Feimontan areai(fbr example :7e P=" s 179K “amerde and
Westgate, 197{; Westgate ot al 1070 chay gy Thim
lower ti11 e ”qua]]yj:m””J a1y i hedt el oy agla i
ara-~le and sande ’The fwo il vinvibe o ¢ I IR

~ach 'her hut are nccasionally se aratart h, cteatifinsd

T3 ' ""Hmally the two tilt Uh‘it? vay h? Tomting ciets 0y
th= VYaecis of differ s res i'§f =1l Faviic e steve e - T
il e finad aspta ! ketwe o the ti) e he v v
&

qr e relotivel. o8, it and "n'ﬁ fewer v - 2a ~'aate
b (S L I A [ R R S N R Ty Vibt oy
Pt and e mats i i i qies Aty h e B e
st T e T eren a0 T b e

i e cvppr L i altee H‘iﬁ i bigtie e ve e

Yoo the Shrowhe oy T el T asin a it bher o f e Y ione

illes wora nhag- yerl the h: t avpoguran orcvn jog IR A

‘

fhe vallay v in T mn 0 thegs @ rog g es by til] o i
could be idertifi 4 o ' 3 ba-ia o tHhn gereral criters
roct taned o3 Vier o P TV Gy bt e Fedin o nip s s Figur e 1
ie a qgenernl iew ~f 3 rrprecsentati ~ jgllay 1 im ayvpy ~ve
that (‘iémf;v'mtv":'nn 3 nenaeralizad die’' inecti n f tvo,
dietin~'_ till —ite defined oo ths " acis nf thih clear
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/
4.3 slopes sharply to a T-1 remnant (section 12) visible to
the right, just downstream. The location of the valley rim
exposure and T-1 (section 12) exhibited on Figure 4.3 is
nresented on Figure 5.3 (Chanter 5).

Ti11 fabric analysis of the preferred orientations of
elongated clasts within tills is one procedure-.for
determining their distinctiveness. In many instances til]
fabric analysis may provide strong indications of associated
glacier flow directions Ramsden and Westgate (1971) present
a dA~tailed report on the two till units in the Edmonton area
and their interpretations of fahr ic data. They suggest that
the mieferre!' nrientations nf elongated clasts in the upper
till eupp~t - northeast to southwest direction of related
gla-i=* {low. However, at various sites the lower till
exhihcrg fabrirs with both northwesi-southeast and
northeast southwest fvend§. Ramsden and Westgate (187!
attribute the hontrasting”fabrics of the lower till to
lncalized reorientation , with structural alternations of
this till by théeé northeast southwest trending glacial
advance thdt deposited the upperléﬁll. To summarize, Ramsden
and Westgate (1971) infer that two distinct till ug{fq
aexist, with the upper till demonstrating a
not theast-southwest preferred orientation and the lower till
ar ~riginal northwest-southeast preferred orientation.

FTill fabric éqflyses Q? the upper and lower tills, at
an exposure in the Strawberry Creek basin known as the

Hugget section, was carried out and reported on by Shaw
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(1982). The two till units at this location are separated by
.6-8 m‘of stratified, inter-till sedlments. One fabric
analysis from the . upper till reflects a general
northeast-southwest orientation of the clasts, while three
‘fabrics from the Jower till show a northwest-southeast
preferred orientation (Shaw, 1982). The fabric orientationé‘
of the two till units measured by Shaw-(1982) tend to agree
with those reported by Westgate,(3969) and Ramsden and

Westgate (1971) for the Edmonton area.

4.4 Inter-till Sediments
As mentioned ear]ier'the lower and upper tills are. |

sometimes found separated by inter-till bedded sands. Warren
(1954) introduced the term "Tofield sand” in reference to
these deposits and Westgate (1969) uses the term for
supposedly correlative deposits. This specific term is not
used in the present study because the self-explanatory
“inter-till sands” avoids possible correlative connota}ions.

| For the Edmonton area Westgate (19639) reports the
occurrence of inter-till deposits and states that _
"stratified sediments, 40 feet (12 m) thick in places,
commonly separate the lower till‘from an upper, yellowish
brown till" (Westgate, 1969, p.144). Collins and Swan (1955),
reported the occurrence of intef—till sands in their study
area 90 km west of Edmonton (this compriseé'roughly half of

the Wabamun Lake mapsﬁeet, 83G, area). They mentioned an
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i :
exposure of inter-till sands, in the Strawberry Creek valley.
During field work for the present study an unsuccessful
attempt was made to find thé Strawberry Creek valley section
mentioned by Collins and Swan (1955). Recent slu%ping,and
road construction activities appear to have masked the
original exposure. .

The sands that occasionally overlie the lower tilf
provided an ideal medium for the formation of “linear sole
markings" (Westgate, 1968) at the base of the overlying
upper till. The formation of these markings is attributed by
Westgate (1968)" to protruding clasts at the base of till
creating "drag marks" in the underlying sand as the glacier
advgnces. The furrow left by the moving clast is Eh?n
lediy:th basal ti1) materiai. These features are direct
indicators of the localized direction of glacier flow. The
occurrence of linear sole markings at the base of the upper.
till, protruding into inter-till sands, is reported by
Westgate (1968) for locations in the Edmonton area and
elsewhere in Alberta. The 15near sole markings found in
Westgate's (1968) Edmonton exposure indicate a
‘northeast-southwest ice flow direction, paral]eling.that
reflected by many fabric anaiyseé S? the upperiiillr

A distinctive exposure of intér-till sands was observed
in the Strawberry Creek basin, the site being related to a
minor tributary gully of the creek. This site is known as
the Hﬁgget'séction and has been referred to before in

'relation to till fabric analyses. The location of the Hugget

~
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section is noted 6n Figure t.1. Figure 4.4 is aAgenéraJ view
of the eaét bank of the Hugget section. Here inter-tilT\\\
sands are overlain by the upper t{ll. In turn, the upper
till is capped by g]aciolacuétrine deposits. This particular
site does not reveal the lower till which, if present, is
Imasked by recent debris-fall colluvium. However. at other
sites'jn the Hugget gully area the preglacial fluviai sands,
lower fﬁ]l, inter-till sands, upper till and . i
glaciolacustrine deposits are all exposed in sequence.

At one site in the Hugget section linear sole markings
are evident on the base of the upper tiil. These markings
protrude into the inter-till sands. Figure 4.5a shows a
protruding clast at the distal, séuthwestern end of one
linear sole marking. The upper till unit with‘which-this.
marking'#s associated is shown in Figure 4.4. Several
parallel linear sole markings were evident at' this site
(Figure 4.5b), al“ trending from the northeast to southwest
(Shaw, 1982). Representing the . local direction of glacier
flow, these indicators coincide closely with the preferred
orientation of the upper till coarse clasts at this section.

A detailed interpretation of the'Huggef section, in
part emphasizing the significance of structural deformations
within. the deposits, is presented by Shaw (1982) in a report
on till classification for the Edmonton area. A summary of

‘Shaw’s (1982) interpretat?ons is as follows:

AN




Figure 4.4.

General view, east bank of Hugget section.
Arrow A indicates lacustrine sediments; arrow B,
upper till; and artq C, -inter-till sediments.

’
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Figure 4.5a. Protruding clast of linear sole marking,
Hugget section. .

Figure 4.5b. Linear sole markinés at the base of“tiil,
Hugget sectionm. - :

71
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(1) The two till units represent afstinct'glaé{al
aannces,.that were preceded by pfegiacial fluvial
deposition and separated by an interval of fluvial or
gléciofluvial sedimentation.

(2) The upper and lower tills are interpreted a;
passive, melt-out tills. | )
(3) Stagnant, debris-rich ice, associated with the lower
till, persisted throughout the deposition of the
inter-till sediments and the depgsitionlof the upper
till. The presence of buried ice is %nferred from the
continuity ofnfaulting evident in ‘the lower till,
inter-till sediments and at the Ease of the upper till.
The preglacial sediments, and the superficial
glacio1acustriﬁe depoéifs, are unfaulted.

Indeed, examinationfof'the'Hugget section reveals
frequent normal fauTtingwof the intep-till sands (Figure 4.6
“a and b) and, at certain sites, highly sigmificant
truncating faults at the inter-till sand contact with the
lower part of the upper tilf (Figure 4.6a). These also occur
across the inter-till sand contact with 'the upper part of
‘theA1ower til1/ The' Hugget section sediment faulting, plus
other sUppdrting evidence from Hugget and additional ‘local

'§ections, was- presented by Shaw (1982) and interpreted to
. T R : S Be : 0
suggest two glacial advances, with the preservation of

stagnant buried ice between advances, fofr tHe'Edmbntoh area.

o



Figure 4.6a.

Figure 4.6b.
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Broad view of the faulted mature of inter-till ’

‘'sediments, hLugget section.

’

Detailg of the normalrfaulting which predominates in

the ifiter-till sediments, Hugget section.

7
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4.5 Glaciolacustrine Sediments

The local retreat of the Laurentide ice sheét. with the
associated fdrhaiioﬁ of proglacia] lakes, was briefly
reviewed-in Chapfer 2. For add%;iohal‘details on related
'glécioIacustrine systems of cenfral Alberta refefence should
be made to St-Onge (1972). Christiansen (1979) describes
vprobably correlative ice margins a;d time-synchronous
glacial laKes of SasKatchewan: Glacial ?et}eatéipaségﬁé and
4 ou}]ihed by St-Onge (1972) saw the Strawberry_CreeK_basin
mainly 1ﬁuhdated by a proglacial‘lake..During Phase 3 the
Laurentide ice'frontalaposition lay. immediately north-east
of the basin and by Phase 4 the ice front lay further
northeasf-of the‘Edmonton'area. A recently. completed I
 surficia1'geo1og§ map,«wﬁich includes the present study area
(Andriashek et al., 1979), portrays glaciblacusfrine
deposits %hé:pfedominant gurficial depdsft unit mantling
much of the’Strawberry Creek basin. Exceptions dre a few
peripheral areas which have till and “discontinuous till

over bedrock" ‘as sthe major, surficial sediments.

Glaciolacustrine sediments overlying ti1J were commonly @Q ir

o
Al

.
;
@ X
e

_observéd by the author in exposures along the‘Strawberry !

\

Creek va]ley and are evident on Figurés 4.3 and 4.4.
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4.6 Conclusions

The pre-Holocene surficial deposits observed'in the
Strawberry Creek.bgéin have been briefiy.reQieWed in
'relafion to the general stratigraphy reported by others for
similar deposits in ¢entra1 Alberta. This review has been
 presented primarily to outline the general stratigraphic
framework of pre-Holocene surficiél deposits into which the
Strawberry CreeKlvalley has béen eroded: In conqlusion the

following points should be noted:

(1) Preglacial gravels and.sands.are‘found
,intermitténtly throughout the contemporary valley. From
these it is éuggested that the Holocene Strawberry Creek
re-inhabited part of the preglacial Wérburg valley
mentioned in Chapter 3.

(2) The two till units, occasidnal]y separhfed'by
inter-till sedimeﬁts, probably represent two glacial
advances. The first advance. possibly flowed from the
northwest but the second advance flowed from the

t

northeast. ,

(3) Thé'most areélhy extensive §ediment type at the

surface of the Stra@berry CreeK basin consists of

glaciolacustrine silts and clays. These were laid down

in a prog]écial lake system rglated.to the rétreat of
\'last ice sheet to inhab%t'this ;rea ' s

( The initial 1nc1s1on of the post glac1a1 Strawberry

Creek yalley probably began as the proglac1al lake

Pl
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‘system diminished in size from the latest ;tage(s) of
Glacial Lake Edmonton to Glacial Lake Bruderheim
(Bayrock and Hughes, 1962; St-Onge, 1972).

This chapter has provided an outline of the
pre-Holocene surf%cial sediments off the Strawberry Creek
basin, specifying the type of sediments and reviewing.jdeas
on their origin. In conjunction with Chapter’3, which
out]inés the bedrock geology,- the physical framework of the
Strawberry Creek basin 16 which the development .of the
valley has evolved is now set. The Ho]o%ene evolution of
this valley was marked‘by the development of créek terraces
in response to cut-and-fill "epi-cycles”. The morphology.
stratigraphy and chronological evolution of these terraces
coﬁstitute the main focus of ‘this thesis, outlined in

Chapters 5 and 6, with additional detaile in Appendices A
and B.
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R STRAWBERRY CREEK TERRACES; MORPHOLOGY, STRATIGRAPHY, AND
CHRONOLOGY o

5.1 Introduction -

The focus of this chapter is to outline n detail the
- Holocene geomorphic evolution of the Strawberry Creek
valley. This relies mainly on the field data reiated to
a]]uviaf terrace remnants. Studies of alTuviaT terrace
sequences are numerous in the geomorphic literature, despite
many interpretative pitfalls-(see for example, Frye and
leonardd, 1954: Ritter and Miles, 1973). Indeed. Ritter
{1079, n.275) states: Bésically. terraces aré terraces are
terraces — and we <hould nrobabfy Nt generali~e about
features that defy generalization

Paradnxically, remnant terraces are often the bhest
geomorphic indicators ~f past stages of valley history and
are fThus i"?\tegr‘él to interpretations of valley development .
The cionificanée of remnant terraces was obviouq to Ritter
.(1979) who svmnly emphas17ed that dv11qenf pa1nqtak|nq.’pd
Plaborate 1nveqt1gat1ons are Qecessarv to achieve smind
interpretatiOns of valley evoJution.

In the present study relevant data are'éncompassed by a
ptgnjhetric map of remnant terrace tread distributions, a
longitudinal chénnel prbfi]e,-térréce heights above the
channe prdfile; diagrams of seleéted valley cross-sections

and generalized alluvial stratigraphies. with associated
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Fadiocarbon dates. Four paired terraces dominate the terrace
qu1te preserved along a major po€51on of the main Strawberry
Creek valley. A]so,'the characteristic alluvial stratlgran“»
and apparent implications regarding fluvial depositional
processes are outlined. Finally, the rallay’'s chrenol i
devealiopment is discus~md o the hacia ~f mweoe miig e

trdincarhon Aatee

~. 2 Methodology
A fieTd reconnaissance of the entire valley was

completed during the summef nf 1979 Terraces were mapped on

Y

serial photograph overlays and pertinant alfyvial

strat1graph1es were logged for evposed tertace sections !

oy

. 1ongltudﬁqg} channe1 rrofile was ~anstructed from NTS
gy A

-.»_.h%\'%f‘ahh’l maps ~f - 80 000 5(‘3'0,./ with a2 "5 ft_ (185 m)

COnt(‘)ll! interval An altimetric aurvey was carried out at

-
- ~

selected lorations in the valley to :gta“lizxktorvaﬁa haight

vdiationships with some agpuracy To arhiieve fhis acruracy

& fhe‘survpyors utxlﬁvod two altlmntérs and tuwo fhormomotnvo,

-
For each trayerse a base station was estab[1shed at the
conégguous'channé]-1eve1 where flu~tuations i bace
a]timéter readings and temperature Wevi.rovorded Altimeter
height-readings, air temperatures, and times o% observations
| were reqordea at selected spots on adjabent terrace treaés.

The spot-height locaticns on the 1nd1v1dua| terrace treads

were se1ected with care jn 30 attempt to obtain

4
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representative elevations of specific treads. The valley
. "

cross-sections presented in this chapter are based on the

altimetric surveys. The locafions of the valJey

{ -

cross-sections were pre-selected during_thg field
~reconnaissance, and the altimetric survé?%ng was completéa
at the end of the field season when stable weather
cond{tioné prevailed. The individual terrace tread widths,
and disfances across the valley between the valley rims: for

the cross-sections were measured from aerial photographs.

o | 1
5.3 Distribution and Morprology of Alluvial Terraces

5.3.1 Ptanimetric Distribution

| An entire paired terrace suite iserarely preserved at a
sihg1e valley location. Rather, the indiviéuél terraces of
the valley suite are found mére or less intermittently as
isolated Eemnants. TberéToﬁe,“When attempts are made to
discern the separated; but cérono]ogically related, members
of a valley suite continuity throughout the valley must be
verified for each terrace unit.

Figure 5.1 a and br of the Strawberry Creek valley,
show the locations of the planimetric maps, Figures 5.2 to
5.8..The-latter figures depict the areal distribution of
remnant -terrace treads with their terrace designations. The

terrace des{gnations, based on the criterion of relative

height, are T-1 (oldest), T-2, T7-3, and T-4 {yoyngest).
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General1zat]ons wh1ch may be made about the plan1metr1c

d1str1but1on of terrace remnants 1n the Strawberry Creek

valley are as follows

. s
(1) Approx1mately 25 T:1 units are preserved along part
of the valley g1v1ng a good representation of the
inktial phase of incision and aggradation wjth1n‘the‘

valley

N

(2) Representat1on of T 2 is well documented w1th over
30 remnant treads d1spersed throughout part of the

valley. ' ' ~,a_a

" (3) As is to be expected the lower,'more recently

TN

\

formed, terraces are better preserved because the1r
younger age ‘has perm1tted less chance for destruct1on
Hence T-3 units are widely preserVed throughout part of
the valley , with about 50 1deht1f1ed remnants.

(4) Units of T-4 are except1onally numerous w1thln the
valley and, in ¥part, are\st1ll being aggraded at act1ve

port1ons of point bars, d perhaps on thelr treads by
fong . return perlod flodé ' "

(5) The vast maJor1ty of the 1nd1v1dual tread surfaces
dlsplay nearly horizontal: att1tudes, with m1nor local
relief var1at1 ns imposed by paleochannel scars
colluv1um and small .alluvial fans.

(%) In the downstream portlon of ‘the valley terrace

remnants other than those of the extens1ve T-4 are rare.

$
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of r1ver longitud1nal profiles

5.3. 2QLongitudina'l' mme' _-ﬁv | |
. The long1tud1nal prof1les of streams and r1vers are of
part1cular concgrn to 1nvest1g@tors of fluv1al systems,
partly: because their. spec1f1c shapes reflect dom1nant
developmental controls Long proflle up concavity is
generally accepted as the typ1cal shape towards which
streamsﬁsnd rlvers evolve Atyp1cal convex prof1les have
been attributed to l1tholog1c controls, ephemeral d1scharge
regimes, and other geomorphic variables. DPetailed
d1scussaons of river long1tud1nal profiles include the work
of Surrel (1841) and Davis (1899), proceedlng through time
to Wheeler (1979), with 1nnumerable studies and ideas.
presented by others dur1ng 1nterven1ng years For example,
LeopOld et al., (1964) list ten 1ndependent semi dependent
and dependent variables wh1ch play a role in the development;
The long1tud1nal prof1le of Strawberry Creek (F1gure
5‘9) reveals a compos1te concave-convex form. It is unl1kely'

that th1s form is a result of- l1tholog1c control. The

bedrockigeology of the Strawoerry Creek basin, with the

'exception of the headward zone, is compoSed of Upper

Cretaceous bentonitic sandstone occas1onal rlay 1ronstone

1nclus1ons, shale ‘apnd coal. As outl1ned in Chapter 3, the

' Strawberry Creek basin’s bedrock has few relatively

res1stant beds which cons1stently outcrop over: s1gn1f1cant
distances in the valley. Thus’ 1t 1s unlﬁkely that lithologic

controls have been of major 1mportance 1n the development of’
. \
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. . .
a partially conveﬁ'longitbdinal profile of?StrgwbeFry CreekK.

The Strawberry Creek longitudinal profile reflects a
éomposité,of two channel segments that display distinctive’
forms. Anlexfensive ebncaye segment encompasses the major
length of the valley. This:segment by itself représents a

longitudinal profile reflecting-dbrphological stability. A
convex segment along a short distal portion of the basin
completés the composite profile. This convex segment acts as
the outlet for the up-valley,‘predominantly concave reach,
and is )linked to.the North Saskatchewan River base-level at
a substantially lower elevatioHJ‘This convex, channel
profile segment presents an unstable morpholog§cafvelement

in‘ the composite profile.

5.3.3 Lengitudinal Profile with Plotted Terrace Heights
With the present ldngitudinal profile established the

next step is to confurm the pa1red or unpa1red nature of the

-‘L..

: remnaht terraces by p]ott1ng the1r tread helghts “above the

longitudinal profite (Figure 5.10). It is\evident from this
figure that consistent relative élévation; 6? remnaﬁf‘y(
terraéesmaone the channel hay be éasi]y cateéérized into
four distinct levels which display péifedlcharaqteristics.
The occUrrence of occasional unpaired remnants is also
apparent but this is to be expected for any meandering
channel system. In additiOn, as depthvof Vélley decreases

upstream, resulting in the gradual convergehce of the four .

members of the terrace suite, it:spmetjhes becomes difficult

T
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_to categorize a remnant terrace tread to a specific terrace
level. Therefore, in certain instances afbnq,the upstream,
shallow valley reach, a deéree of interpretation was
necessary to assign some terrace treads of intermediate
height to a particular terracé height rahge:

Paleo-profiles of former, stéble; floodplain stitiohs
are'approximated by;dashed lines 1inking apparent, paired
terrace units qon Fngre_5.10. Considériqg the concape-up
"segment of the maiﬁ valley it can bé inferred from the
terrace distribution that proffle'¢oncavity has not’
not1ceab]y changed while the stages of va]ley 1nc1s1onvand
aggradation occurred through Holocene time. Th1s suggests
that the channel system_episodically had sufficient time to
reach some degree of stability following ré]ative]y fast
incision phases.‘Terrace long-prafile.parailelism or, at
moét. slight divergence, may also be inferred and this
indicates thaf‘mean chanﬁe]‘slope has not changed |
significantly for given sectors of the valley througﬁout the

time of valley evolution. ' - ' :

5.3.4 Valley Cross-sections

Valley cross-sections further demonstrate terrace
morpho]ogy_by partly ilIUStrating‘theih horizontal and
vertiéal‘dimensiohs.'Six,valley cross-sections anevbresented
in Figures 5.11 to 5.16, Thé Tocatidns.qf.theée” | |
cross-sections aré sﬁbwn on the planimefric maps (Figures“ N

5.2 to 5.8). Following are bﬁief'descriptions_of the valley
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cross- sect1ons wh1ch emphas1ze dtst1nct1ve character1st1cs

of the valley;morphology Logged exposures of terrace

/'—.

=7

.alluv1um assoc1ated w1th the s1x cross sections are noted

where applicable, in the alluv1al strat1graphy section of
_this chapter. ) h“
: Cross-section A-A’ (F1gure 5.11) shows remnants of T- 2:
T-3 and T-4 in the lower reaches of the valley From the ‘
locat1on of this® cross- -section to the mouth of the valley
only T-4 remnants are preserved. This suggests that through
t1me the meander1ng activities of the channel along this
downstream reach were quite intense, accomplishing the.
~destruction of former terraces. Cross-section B-B’ (Figure
) 5.12) is‘located a short distance upstream of A-A’ and shows
the flPSt remnant of T-1 up- valley from the mouth. Although
-

the T-1 remnant tread is relat1vely well preserved it is

being slowly destroyed by the present channel the outside

- meander bank' of wh1ch is eroding the underly1ng bedrock of '

T-1. A remnant of T- 2 has not been preserved but 7-3 and T- 4
remnants do occur 1n th1s local1ty Cross ‘section D-D'
“'E(F1gure 5. 14) has no preserved T- t remnant but T-2, T-3lahd :
fiTr4 remnants are evwdent ‘Cross- sections E- E (Figure 5. TS)
and F-F’\(F1gure-5 16) aga1n display the enttre su1te of f

four major terraces
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5:3.5;Representétiye Valley Terraces
'JFiQUre 5.17a exhibits a represehtatiQe valley exposure
of T-1l(section 39). This T-1 section cohsists of
// approx1mately 8m of bedrock, approximately 12m of preglacial
<: gravels and sands and is capped by 2m ‘of post glacial
terrace alluvium. The T-1 alluvium at this site yielded
bi- valve mollusc shells wh1ch have been radiocarbon dated at
| 8015 1135 yrs. B P, (5-1787). A distinctive te:race scarp is
appapeht on F19ure 5.17a, cheracteristically inclined from |
the tread of T-1 to that of a T-3 tread visible to the’
right. Figure 5.17b illustrétes T-2 (section 17) associated
" “with cross-section D-D' . The bedrock bese'onthe‘T-é
aT1uvium, approximately 7 2m above the present chanhel is
well depicted‘ F1gure 5.18a and F1gure 5.18b complete the
.presentat1on of cross section D-D' terraces by illustrating
exposures of-T-3 (sectaon 16) and T-4 (section>15) .
respectively. The T-3 tread of Figure 5.18a is“approximately
Bm above the present channel The basal lag gravels of this
T-3 exposure included str1ngers of well: bedded sands about
20cm thick. Furthermore,,the 1.45m of overbanﬁ_f1nes include
sthfngers of sands and grits about 20cm th{ckitThese
- stringers pnobabiy resulted from variations in dischéroe.and
: chanhel levels while the deposits accumulated. The T-4 tread
of cross;section D-D’ is about 3m above the channel (Figure -
| 5.18b) . The.T 4 alluv1um of F1gure 5 18b d1sp1ays a good
fining- upwards sequence of sed1ment Up to 1.2 m of graveks

are succeeded by 90cm ofepojnt>bar 'sands, in-turn capped by

i}
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Figure 5 17h v? Sef"'.'i“n"]’ Strawberry Creek wr1?
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10cm of overbank fines. A T 3 tread is apparent in the v
background of Figure 5.18b. The measured alluvial
stratigraphy of these numbered terrace sections just

mentioned is presénted on Figures 5.19 to 5.22.

'y .

5.4 Alluvial Stratigraphy

5.4.1~Stratigraphic Sect ions and Theirﬂimp1ications
In this discussion the basic objective is to evaluate
the significant stfatigrapgy réyea1ed by the Holocene
alluvial terrace deposits. From this eyidence may be
ihferred the predominéﬁt.depositional proces;es interrelated
with terrace deve lopment in the valley.
Descriptions and'héasurements of alluvium associated
‘ with the four remnant terracés were logged in the field by
subdiv;ding the sediméntary sequencé into three main sets;
(1) channel lag gravels (2) point bar sands and (3) overbank

fines. The criteria used for this facies subdivision were:

(1) grain size (gravels, sands silts, minor'clays)

D e W - oo o~ *,- ﬁ*'

v

- -

~” °130 str%t1fﬂcat1on and type of bedd1ng,_and =
(¢)'compaction (gradat1ons from loosely, .poorly,
moderate]y to. well- compacted)
The ‘lag- gravels occurr1ng ‘at the base of the a1luv1af '
sections were easily. identified. This set represents

downstream tractive transport and accumulation of coarse

(2) sed1ment ‘sorting and 11thologic tharapierrstrcs.'
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clasts along the main channel bed during times of high
discharge and velocity. The lag gravels were formed largely
by lateral accretion processes, probably in the form of
riffle and pool deposits typical of the contemporary’creek
channels (Rains, 1969a). Point bar sands were identified and
their boun&aries defined by their distinctive, loosely
compacted, sandy composition and primary bedding
characteristics (cross-bedding, cross-laminations). These
have resulted mainly from bedload transportation of sandy
material with subsequent'deposition by predominantly lateral
accretion'pchesses. Overbank fines. consisting mainly of
finer grained, silty material with minbrrctay. were usually
better. compacted Pr1mary bedd1ng structures,‘other than
hor1zontal 1am1nat1ons, were poorly represented and this
~character1st1c tends to 1nd1cate sed1mentat1on by upper
point bar, and overbank, vertical accret1on dur1ng high
‘discharges. .Although point bar sands and. overbank fines

, d1sp1ay the1r own d1st1nct1ve character1st1cs the

- A - LR L R PR ]

1dent1f1cafﬁon of a dwscrete boundary'bePWeen these-sets is

.not always easy by f1e1d obserwatton “For the,purposes of

- th1s research however the fleld 1nterpretat1ons of the

"point. bar sands. and overbanK fines are adequate and7shou1d
entail only minor boundary errors>

- Generalized, individual sections of the logged a11uv1a1
stratigraphies, spanning the entire terrace su1te, are shown

in Flgures 5’19 to 5.23. The Iocat1dhs of the- logged e

’3‘0 byl W P

")

- secttons are-pnesented in Append1x AT R genera11zed T
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T-1 TERRACE SECTIONS
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T-4 TERRACESECTIONS
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‘composi&ibsection which displayé the predominant

stratlgraphy of Strawberry Creek terrace alluvium is

~presented in Figure 5.23. The thickness of individual sets

~

in Figure 5.23 represents the average measured thickness fqr
the general1zed sections. This diagram indicates" that th ;j
alluvial deptsitional env1ronments dur1ng the four stages of
terrgce aégradat1on were related to sinuous or meandering
channel sygtems. Figure 5.23 represents the typical alluvial
exposure in the Strawberry Creek, yé¢ for many of the
al}uvialiégposures, sets of.point bar sand; or évérbank
fineé weré absent as. is evident from ﬁhe generalized
sections presented. Deviations from tgé.normal,

J
fining-upward, stratigraphic sequence of lag gravels,_point

bar sands and overbank fines is indicative of neck and chute ,

cutoffs, inherentnin'afmeandering;channel system.
A controversy that exists in éontémporary fluvial

geomorphology litéra'ure involves the assumed predominan~e

.of either lateral or vertical accretion in floodplain

formation (Stérne. 1080) Wolman and Leopold (1957) favored
lateral acrretion as the main depositional procese but
Schumm and | ichty (1963), from field observations. contended
that vertical accretion was the major alluvial deposifionéﬁ
process. Vertical accret;gn w?S founa to dominate the form
of alluvial depositinn in the ctudy of Ritter et al.

(1973). Regardless of dvffarengjgbservat1ons on the type of

sed1men1atxon dominance in individual study areas local

'.’
P4

.poﬁdl o? mus t nﬂf‘eseanly determine the maJor mode of

w4
’ 2

. - . . A.‘ ¢ . » . 2 N e ) '
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depositidn. Local sedimentologiﬁal and'envirohméntal
attributes of a particular area are important, depositional
controd variables. Local relief, climate and flooding habits
thus relateldirectly to modes of floodplain deposition
.(Baker, 1977) From the genera11zed alluv1al sect1ons of

o » o 2 . w )

th1s study area it 1svev1dent that the dominant processes of
Holocege alluvial deposition in the Strawberry Creek valley
have involved lateral ébcretion. The JQng-continued

dominance of lateral accretion also allows some inference as

to the nature of environmental factors related to the valley

development through Holocene time.

5.5 Regional Correlation . _ .

In Chapfer 2 the'stUAies of Rains (19693)\;;d‘gﬁélford
(1975) were briefly reviewed and obvious similarities
between the Whitemud, -Weed and Strawberry Creek basinsfwere '
meﬁtibned. To further strenéthen the inferred correlatién
between the three tributary basins relevané diagrams from
their earlier work may now be compared with a éimilar
diagram for the Strawberry Creek study.

Rains.(19693)-and Shelford (1975) presented figures for
their study basinslshowiﬁg terrace heights plotted above the
long-channel profiles. Fiéure 5.24, for the Whitemud Creek
(Rains;, 1969a), and Figure 5.25 for the Weed Creek
fShelfqrd. 1975), are réproducedlfqr'comparisoh-With Figure
5.10 d% the Strawberry Creek valley. The tributaries all
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T downstream sectors of the thnee valley&. are mutually

GeTTITE A Te s e

123@

dlsplay comp031te concave- convex long1tud1nal prof1les Inff

add1tlon the terrace su1tes of the three valleys embody Four

'3 main: terrace levels *It may be seen in Table 2 3 that the

average terrace he1ghts above the. contemporary channels.‘ln

consistent.

C -
by e, .. - .y
R SRRy

......

It isfevident'that a strong‘morphological sihilarity

exists-between- the.tr1butary valleys As rev1ewed in Chapter

2., the reg1onal locat1on l1thologtcal fpundat1on area,apd T

'rellef of the three bas1ns are relattvely srmIlar It may be

:ﬁ concludEd that the three tributaries have. probably evolved o
tlme symchronously and have responded 1o * 1nd1v1duaﬂ e
development controls by evolv1ng nearly 1dent1cal ;“>‘?»ﬂ~j .

> mofphdlogfcad attributes.,,,

SR

P
P
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 5.6.1 Objective ..

,StBlChronbAogyiof'ValJey Development

[3 '

S
AN
t

e o o

A chronologic frameworkifor;the valleywcut:and.Fillp

' terrace development has been reconstructed on the“basis-of

_ numerous radiocarbon dates,

and the 1dent1f1cat1on of Mazama’

‘ Ash (Table’ 5. 1) in one se€tion of Strawberry Creek alluv1um.

The radiocarbon dated mater1al includes bone shell wood

and charcoal Strawberry Creek 51tes yielded nine dates, and

the Mazama Ash, while sites in the Wh1temud Creek ‘valley. .

prov1ded e1ght add1t1onal dates. Co 8 '. o _'Tf
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(%) for Mazama Ash

°1969)

-’:on

‘Strawberfy}éfeék:Mézéméff§Ani-;;"

"Ash. " Analysis by Pam

Waters, Dept. of Geology,

Na
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0.04

2.67

o+

I+ I+

.l+

+

2.02 b 0,05

0.16’”
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,1969). Pr1or.to,fhe.depos1t1on of,the ash a.paleosolv

Compos;te cross- sect1ons (F1gure'5 26) of. both the

*”Strawberry and Wh1temud Creek valleys del1m1t the four R

. 1nd1v1dual phases of terraCe deVelopment w1th related dates
'-Append1x B deta1ls the alluv1al strat1graphy for each of the
' Strawberry Creek dat1ng s1tes. Thefs1tes descr1bed in

. Appendi x B are arranged 1n chronologic order and 1nd1v1dual

N

dated sectlons are referenced by, Qhe dat1ng ]aboratory

*des1gnat1ons Also,,throughogt thé chronolog1c.dxseuss1en¢»

the dated Strawberry Creek samples are referred to by

related section numbers - from Figures 5.18 to' 5. 22 w1th site

4locat1ons presented in Appendix A Each valley development 5.vfw'.

—

phase w1ll be d1scussed in terms of s1gn1frcant related

V‘dates

5. 6 2 Phase 1(7-1)

Mater1als furn1sh1ng four dates, and Mazama Ash have

3been found in Strawberry Creek T-1 alluv1um Sect1on 12

(Figure 5.27) fortu1tuously d1splayed the Mazama Ash,

;-approx1mately dated at 6600 yrs. B.P. (Westgate et al.

- deve loped indicating a relatively inactive'fluvial

. env1ronment at that site The paleosol provided abundant

v ‘charcoal fragments whlch dated at 8660 * 125 yrs. B.P.

(S-1926). The second oldest date for T-1 @lluvium came, from
another exposure (section 39) in wh1ch the-T-1 basal gravels”

and .sands y1elded bi valve mollusc shells dated at 8015

.“135.yr5258.P., (S 1787). The deposit1on of the Mazama Ash



» .. ‘sajepu0qJesolpel sAnajueseida. F..EB $190.0 PRWBHYM PUB AllBqmens By} 4O UONDBS-55013 BYsedwo) ‘gz G 8nBiy

3

=

ot (eeLe-s)oLToTTL . L
o7 . losui-sigLFole
. SR . (16£1-S) 0L F SOL
B - (z6L1-S) OL ¥ GIE

»
E

; a., ! :
. ;
L © AeljeA %091 pnuweiiim

Sk
19621-S1 06 To9Z8 €1 : \

- ~(v621-S) 08 T 00ZE oL
{96£1-5) 98+081€E R
. ...~.. ' , . . ~ . ...
i fETET WskiSlogiTeny

. s R R 3 : . Fl > ' /
N T K L . A . vl H
* winlAnyy 908401 , © seleg snojswouy - , .
e Lo . .u ‘Mﬁwl.a o—gisSOQ N. . -
.r . Ty - ’ ) 3
an -
. . 3
4 i .

«

ligaLi-sYoe Tgz9t - ¢

N, oL - JveL1-s)eBTo8L -

, (0081-S) 09Z T 989
\. 2l .98L1-S) 0BT SELL

(9261-S) 8Z1 T 0998
(£8£1-S) SEL F G108
ysy SWEZEW 0099~
468 1-SYSEL ¥ 5989
28821-S) OEL.F O¥9S

w




Figure 5.27. Mazama Ash with underlying dated paleosol.
Mazama Ash horizon at the top of geology pick
handle. Dated paleosol indicated by hammer head.

-
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i.qappears to* have been foilowed by a per1od of a]luv1a1
"aggrhdat1on~ Reléted overbanK f1nes 1nclude a ‘dark grey,
'humus rich organic band. | N
"The dates of 5865 * 135 yrs: BIP., (S-1789) and 5640 *
130 yrs. B.P%,.(S-1788), associated with T-1 sites are
strattgraphtialjy'dﬁestignable, but are not totally &
'imphobable in' the chronologic sequence. The’latter date was

obtained for a'Cehis 1gpus.(WOIf) right mandib1e‘which‘Waé‘

foﬁnd on the surface of the terrace scarp well above the
éontemporary terrace floodplain'it section 39, but not ig'_
~-situ of-the al]qyia]tor soi]lmateria]. [heAboheeéppeared~to no
' have“reeently tal]eﬁuoyffot#tbelT-1'alluvium. The date of
5865 * 135 yrs. B.P. (S-1789),° obtained for bison bone from:
section 27, is qUestiengb1e because the bone was extracted
‘fnem a position directly on top of ovehbénk fines, in a grey
ciay band asSocfeted'with'apperent'méss-movement'debris: No
paleosol herizons were observed separating the everbanK'
f1nes from the c1ay band This may reflect a reﬂatively
sma]] time 1nterval between alluv1al depos1t1on and the |
slump, but “such an 1nterpretat1on is obv1ously speculat1ve
'However, these two dates are certa1nly not 1ncons1stent with
P the general strattgraphy of T-1 alluvium as 1llustrated at
section 12 (Appendix B).

'Thus it appears that following deglaciation, and
drainage of the.begiohal proglactal lake systems; the
initial, post glac1al Strawberry Creek began 1nc1s1on and

"*atta1ned relat1ve stab111ty at the T-1 level by
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. approximately 8500 years ago: The T-1 channel remained close
t§ this 1evel..and was‘still partially aggrading, foliéwipg"_
_ihé dépdéitfdn'o% Mazama Ash at 6600 yeanéﬂB:P., énd'
possibly as late as 5600-5900 years B.P..

5.6.3 Phase Il (T-2)

Four dates are available for T-2 alluvium which formed. .
after an incision episode below the f1§odp1a{n level of T-1,
A date of 1135 * 80 yrs. B.P., (S-1786) was derived from a
bison skull in Strawberry Creek, seqtipn'BQ.,ThisﬁT-2,date
.iéimbgt‘aﬁdmalddsuahd appéa;s‘tb be -far too young. Thenékullf.
was extracted=frommthe'uppermost“poriion'df the 6vérbank:h
fines only 55 cm below the.ferrace tréad. The gkul]l$ay have
been contaminated with new carbon or, al@ernatﬁvély.bit
might have been eried bykﬁuﬁan~or animal agents.

Sharma (1973) obtained a date from T-2 alluvium in the
'diftal reach. of the_Weed Créek valley. A défé of 1075 + 80
yrs; B.P., (no laboratory number given) was yielded by
7charcoa1-%ouhd in the”uppermost,BS cm of terrace a1lpvium.
which Sharma (1973) described as sandy loam. He attributed
the sandy loam a]]uviﬁm tofovérpank depositidn'éf fecent»
Flooa.deposits, enhanced by high magnitude f1oods~of the
North SasKétachewan-River, Thus the strafigraphic positioﬁ;.
and character of the material encasing this dated charcoait
suggest that jts formation is probabjy hot related to the

main T-2 aggradation phase.

% - o«
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A.date of 4685 260 yrs. -B.P., (5-1800) was obtaihed'
‘for a bone fragment burled in T-2 alluvium (sect1on 34) in
the Strawberry Creek valley In add1t10n. a.date of 4225 *
150 yrs. B.P., (5-1797) is ava1lable from the. Wh1temud Creek
T-2 alfuvium For Phase 11 these two dates suggest that
ihcision w1th subsequ nt stab111ty and aggradat1on of T-2
alluv1um may have been achieved by about 5000 years B.P.
and that’the T-2 system was actyvely aggrad1ng’et
approximately 4000 years B.P.

5.6.4 Phase 111 (T-3)

S{x dafes are available from T-3 alluvium. .Three dates
ere fro he Whitemud Creek valley, one’from thegStfawberry
Creek vaNey, and one from the Weed Creek vallé@z The Weed
'Creek inforwation is tentat1ve1y extrapolated for T-3 from

Shelford (197 | who obta1ned a bison bone date of 2765 + 90

yrs. B.P. (S‘804ﬂ for terrace alluv1um he considered to be
that of T-4. Shelford (1975) stated that this dated terrace
section had a b'drock-baSalxgrevef contact at 9.5 ft (3 m).
'aboye‘the'channgl, and that the top of the alluvial section
(the terrace tré&dfvhas an elevation of 15 ft (4.5 m) above
the‘presenﬁ.channel. From these height dimeneions it is
interpreted that Shelford's (1975) dafed terrace section may
be_at least intermediate between T-3 énd'T-4, and is
probably more closely related in_height and age to T-3.

In the Whitemud Creek valley three T-3 dates were

obtained from the same alluvial sectioh and these provide a
<
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strong," consistent base for .the generai chronologic
framework of T-3. The Wh1temud T-3 section from which the
tHree dates come is of critical Jnterest in that 1t.reveals
a relict beaver dam conétﬁUcted'acrose the formerrT-é
channeT,'abproxémetely 4 h.aone tHe contemporary creek. A
date of 3180 * 85 yrs. B.P., (%~1796) is from beaver dam
wood while the other two dates, 3200 + 80 yrs. B.P., N\
(5-1794) and 3255 + 90 yrs. B.P., (S-1795), are from bison
bones trapped in the beaver dam mater1als These.strfkingly
similar dates, on wood and bone from the same seciéoﬁ;JVery
strongly §ﬁgstaniiate that the»dhannei Qes-at the T-3 basal
: al]uv1um level about 3000 years B.P., or somewhat e§r11er

In the Strawberry Creek valley two exposures of T-3
alluviumhave furnished bone material suitable forvdat1ng. A
bison skull was extracted from lag gravels 3b cm above the
base of one section (section 99). This skull was dated'aﬁ
1625 + 80 yrs. B.P., (S-1785), but the date may be
questionable*jn relafien to the generel chronologic
framework. Another exposure yielded a bison vertebra from
 poinjt bar sands (section 76). This sample dated atj760.t 85
;’“%6.9., (S-1784) and also presents a questionable, if not

lous, fit in the chronalog1c framework . A@ exact reason

for ﬁhe s1gn1f1cant chronologic divergence of the two /dates
<k;:&ﬁx

@
from those of«the critical Whitemud Creek site is not

Howeyer, it will become evident from the presentation of the
Phase IV (T-4) chronology.'that these dates probably entai)

an unknown error factor,'and appear too young to be

-
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contemporaneous with the bulk of T ? eedimantation.
¥
5 R.5 Phase IV (T-4) &

Five dgtes are available from 1 4 alluvium,. A
Strawberry Creek T-1 deposit (section 79) was dated, from a
bi~nh knne sample. extracted from.overbank fines, at 1965 +
7% yrs B.P., (S-1783). The age and sfratigraphic position
af thig ;one suggest that it was possibly re-déposited from
~cler mater ials. The Whitemud Creek valley has yielded four
T-4 dates on'bone and woor samples, ranging in age from
about 300 to 1200 vearé B P Two daées from separate bison
bones wé?e extractéd from the same B4 Whitemud Cﬁéek‘
alluvial section. The stratigraphically lower sample dated
at 705 + 70 yrs B.P.. (S-1791) and the stratigraphically
higher =ample dated at 810 + 75 yrs. B.P.. (S-1790). At
another Whitemid Craek T-4 allyvial section, a bison scap''la
was ~rtracted from ~verbank fines and was dated at 1720 + ¢
yie B P, (5:1703). The youngest date availabl~ for T-1
alluvium, also in the Whitemud Creek vallwy, is from a
bur ied tree truok in overbank fines, Thi- woéa dated gt ¢
+ 70 yre. R I, (S 1792)

In summaryv of Phase 1V chronnlogy, it can ke stated
that the channel! had incised from the T-3 level and rearhed
stability at the T-4 level possibly hy about 1900 years B.P.
but almost certainly by 1300 years B.P.. Since that time the
predominant fluvial processes of the channel have reflected

lateral chammel migration with only minor incisien.

<
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5.7 Conclug?bns
The alluvial chronologic sequence has been developéd oh.
the baéis;d? seventeen radiocarbon dates, the presence of
Mazama Ash, and two previously published dates. The relative
morphological stages of valley development had been
previously defined by Rains (1969a) and Shelford (1975). The
present work refines the chronological sequence of those
morphoiogical stages. To arrive at this chronological
framework from the available dates it was necessary to
reject three apparently anomalous dates and reinterpret the
¢tratigraphi~ position of a date reportéd by Shelford
(1975). This i not considered t& be "tampering” with the
data, because inconsistencies o?f;h occur when dealing with
radiocarbon dates. The fact that a total-of fourteen dates
are mutually cons1<tent provvdes substant1a1 verification
far a sat1sfactory general chronology of the tr1butary
vallev development stages. indicated hy their alluvial
terraces., |
Thus, in summary; the evidence presented on the
morpho logy, distribution, stratigraphy and rhfonology of
remnant alluvial terracés, specif{cally for the Strawberry
Croak valley, but with correlat1ve 1nterprefat1on for the
the Wh1temud and Weed Creek systems shows that :
(1) A suite of four terraces exists in each valley.
(2) The terrace remnants display prominqqtly-paired

characteristics.

(3) The three creeks display composite, concave-convex
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long-profiles.
(4) The stratigraphies of the aliuviﬁm are related to
Pérsistent depositfénaf enviroqments of “sinuous or:
meander ing channel systems.
(5) Lateral accret-ién was the dominant mode of
’flbodplain sedimentation throughout Holoceﬁe time, but
vertical accretion of overbank fines was also N
significant.
(6) The geomorphic development of the Strawberry, Weed’
and Whitemud Creék valleys was generally
time-synchronous, and resulted in very similar
morphologic and alluvial stratigraph%c characteristiCs.o
(7) The general ailuvial chronology now established ‘is;
(a) Phase I (T-1): from some time befqrerapoo yéars a 
B.P., until possibly as late as55600-5900 years B.P.
(b) Phase I1 (T-2): approximately 4000 5000 years B.P.
(c) Phase III (T-3): circa 3200 to 2800 years B P.
and (d) Phase IV (T-4): from at least 1300Ayears‘B.P.,
partially including modern "lateral and vertical
accretion sediments.

Furthegmore, from the evidence presented in Chapter 2,
it must be stressed that the seéQ§ntial phases of
morphological.develobment of the North Saskatchewan River
and the three local tr1butar1es have not been
time-synchronous The North SaSKatchewan River va]]ey '
acﬁievéd most of its valley deepen1ng relatively early in ///A

Holocene time. The tributary valleys, in contrast, 1agged“’ﬁ



-behind and have developed mdéh of their form:in late

», .

Holocene time.
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6. INTERPRETATIONS AND CONCLUSIONS

6.1 Introduction

'Preeeding chapters have outlined the characteristic
mprphologies and Holocene chronologies ofithe Nprth
Saskatchewan River valley and thneeullocal, tributary
valleys in part of central Alberta. Figpre 6.1 illustrates
. the ma jor dlsparlty between tge;generalized progression.of
| valley'incision of the NorthTSasKatchewan River valley and
Strawberry Creek valley, representing the three tributaries.
~This” finding diverges from the cOﬁhon'assumption that
tributaries are strongly controlled by, or respond directly
to, geomprpnic’adjustments of the maSterpStream Leopold and
Bull (1979) recently d1scussed examples of ephemeral
channels which also contest that assumpt1on and, conversely,
they proposed that the influence of local base-level on the
_longitudlnal profile of tributary streams extends only a
short distance upstream.

1In the present study field evidence, with radiometric
dating, indicates that valley deepening by theltributary
creeks has taken place‘at quite different times than for the
\5North Saskatchewan River which acts as their l&cal
\base~level The clearest morphologléal e&presSion of this 1§
the persistent preservation of an overwsteepened reach in
the downstream segments of the tr1butary valleys There is
no simple explanation for the preservatjon of the

\
\
\
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over-steepened reach For example Ozoray (1972) SUQgested .ﬂ{
that the steep tr1butary reaches in, th1s area result from an
accommodat1on to ancient tecton1c trends, and poss1bly}'
'react1on to more recent orogen1c act1v1ty Earlter RaJns
- (1969a) attr1buted this over-steepen1ng to a possible
‘comb1natlon of bedrock control and/or lrejuvenative" effects
of the master river. A number of factors have probably
hcontributed to the preservation of‘the'over-Steepened
reaches, but, as w1ll be d1scussed later. these may have
little to do, w1th l1thologlc, tecton1c or orogen1c elements
| In the tributary valleys alternaetng phases of stream
degraoation and aggradation have oCCUrred,'resulttng in the
formation of‘four,.mainly paired} alluvlal terraces. At no
~time during the Holocené have-the tributary channels"
achieved a “graded“ longitudlnal proftﬁl, fully adjusted "to" o~
their local.base—levelf Furthermore, it is clear from ”
‘}radiocanbon dating'that'the local base;level’ the Nor th
SasKatchewan Rlveﬁ has not s1gn1f1cantly changed during
approx1mately the. past 8000 years Conversely, much of the
'a'valley deepen1ng and terrace develOpment w1th1n the
];tr1butary valleys has occurred over, perhaps the last 5000
years “or less A predom1nantly concave, upstream channel
prof1le has pers1sted through Holocene t1me ‘re- establlshlng ,
itself w1th1n the - 1nd1v1dual 1n01slon ep1sodes dur1ng ‘the
, phasés of trlbutary valley development This concave channel
| segment has repeatedly adjusted to a hypothetical‘“temporary

base-level“ at the apex of the over-steepened reach and-has
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< . - . , .
not beenxhoticeabiy influenced,by its local base-jevel (the
‘aNorth Saskatchewan R1ver)

| This chapter 1s thus d1v1ded dnto d1scu551ons of . ’
factors which may have been s1g:}f1cant1y related to a
tr1butary val]ey evolut1on First, elected stud1es of
Molocene paleo envyronmental changes are reviewed, as'an
out11ne of some external var1ables wh1ch poss1b1y |
contr1buted to valley development. Second,_the preservatton
of ‘the over—Steepened reach isﬁexamined. Thtrd.:the‘origin

of the alluvial terraces,'within the tributary'valleys,fs

" discussed in terms gf;thé'beomorphic'thteshold concept.
6.2 Holocene Pa]eo -Environmental Factors

The preservat1on of téﬂ!ia marker. beds, plus a |
palynolog1ca] pedologwca] paleontolog1cal and stable P
1sotope dgta, provide some 1ns1ghts as’ to varlatlons of
Ho]ocene env1ronments-1n southern and central-A]berta..Fon
exampieg.Waters (1979) invéetigated the.paleOrenvironments
.-of'south;weetern Albefta by studying selected'sitesdwhere
the stratigraphy disp}ayedfpaleosots-aSSOCiated with the
'important'Mazama Ash,narken-bed.'Her study'entailed positive
identification of the tephra bed, clagé%fiéaf{on of the
'paleosols, paleosol phytollth 1dent1f1catlon and 1aboratory
analysis of sed1mentary units to’ determ1ne modes of
deposition. Through detailed examination of the related

variables, plus the use of radiocarbon dates, Waters (1979)

2l .

]
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demarcated a well-dbcuhented Altithermal interval for
Y
4mmlthern A1berta between 8500 and 6600 yrs. B.P. ‘Her study ‘
A,{xwas oppontune because some ref1nement f the area s .

Alt1thermal t1me span was needed As shown by Table 6. 1 a

numbér of contrast1ng time 1nterva}s had been prev1ous1y

1aKe and bog cores recovered in the Edmonﬁbn area (F1gure'
6 2) The basal core dates are presented as. ev1dence of the
earliest, recogn1zed devéfbpment of the part1cu1ar lakes and
bogs from from which they were extracted These were
probably act1vated in conJunct1on w1th a r1s1ng-water table,
‘with concunrent,accumulat1on of surface water in topographtc
lows. N1ne of the dates range from 7380 % 245 yrs. B.P,_tok
3870 £ 170 yrs' B.P. (F1gure 6.2), ‘reflectmng the onsetlcffl
‘moister cond1t1ons and termination of the A1t1therma1
(Waters, 1979). o _

A palynological investigaticn'by‘tjchti-EedereUﬁch
(1970) reyea]edfa complete post glacial Vegetat;on
succession #or,part’of cen®ral Alberta. The area's
vegetation history was reconstructed.by'ppllen analySie c? a
sediment core extracted from Lofty Lake, approximately 150
km north-northeast of Edmonton. A basal date of 11,400 £ 190

"'yrs,-B:P. (GS¢;1049t. plus four younger radiocarbon dates
-and a band oflMazama Ash,'provided an excellent

chronological framework for the core. A five-stage
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TABLE 6.1. PROPOSED ALTITHERMAL INTERVALS,

. Interval

(Years B.P.)

3000-6000
© 3500-7000
4500-6000
5000-7000
5000-7000
55@048500
6060-8000
6300-8700
ésoo—séoov

7000-9200

l‘Partially compiled frdm Smith (1979%m.f

SOUTH-CENTRAL ALBERTAL.

Sources

.- Reeves (1975)
Heusser (1956)-
Stalker (1969)
_Reevés‘(i9é§) .
Alley (1972) e S
Keafﬁeyiand'gggkmqn (197§)
Reeves. and Dormaar.(i§72)
Schweger and Hickman (1930)
Waters (1979)

Harris and Pip.(l973)
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vegetatlon success1on was 1dent1ffed and chrOnologtcally

defined (F1gure 6.2). She stated that no cllmattc 1nferences
could be made from the early colonization by aggressive -
pioneer shrubs.and trees following deglaciation (L1). '

- Immediately folloﬂlng this t1me (by approx1mately 9800 years
B.P.) a dom1nance of spruce became evident, p0551bly
reflecting a slightly cooler and moister climate than at
present (L2). From 9200. to 3500 years B.P. the vegetat1on
~succession of phases L3 and L4 implied increased warmth and
decreased precipitatlog. This trend apparently reached a
maximum at.about 5500 to 6000 years B.P.,qto be' followed by ;‘ﬁ
climatic deterioration and cooling. Fron,BSOO years B.P., to
- the present (L5), no.appreciable vegetation changes were
evident from the Lofty Lake core. Throughout this latter
'period the fosstl‘pollen paralleled the modern vegetation of
the area. In addition, Lichti-Federovich (1972) reports on

. the pollen'stratigraphy of a sediment core trom AlpenfSiding
Lake, which is. located near Lofty Lake. For the Alpent51ding
core a basal date of 10 700 £ 170 yrs. B.P. (GSC-1093) was
the only absolute chronolog1c control. Yet, the pollen
stratlgraph1c record of the second core was very s1m1lar to

that of the Lofty Lake core, thus strengthen1ng the

- interpretations presented by Lichti-Federovich (1870).

Fritz and Krouse (1973) studled the oxygen 18 content
of fossil carbonate shells retr1eved from Wabamun Lake
‘ sed1ment cores. Th1s lake l1es 70km west of Edmonton and

4okﬁ north-west of the Strawberry Creek basin. Warming and
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‘cooting trends of the lake water are inferred from the
:fincreaée or decrease, reSpectively, of the oxygen-18 content
of the shells Thus, -a general* paleo- env1ronmenta1 h1story
of Wabamun Lake was interpreted from the aquatic habitat of
shelts. Althohgh an absolute chronology was not available
from the1r study they suggested that a strat1graph1ca11y Tow
tephra layer had an approximate age of 10,500 years B.P.. No
mention of.tephra erigin was presented, ’although the tephra
or1g1nally was assumed to be the Mazama Ash, wh1ch is often .
found preserved in central Alberta. That assumpt1on was
subsequently found to be incorrect (Fr1tz @nd Krouse 1973,
p. 249 Fig. 3). Provided that their tephra age approx1mation
of 10, 500 years B.P. is fairly accurate, the recorded
stratlgraph1c sequence spans the Holocene. The resufts
presented by Fritz and Krouse (1973) 1ndicatetthat post
g1ac1al water tem;eratures were sh1ft1ng from warmer to
oqgler Th1s temperature shift was then 1nterrupted by an
abrupf‘warm1ng trend a climatic opt1mum Known as the
A1t1therma1 From the end of the Alt1thermal until the
éapresent temperatures appear to have progressively cooled.
%f SWaters (1879) refers to the work of Fritz and Krouse (1973)
\ iland suggests (based on the tephra ‘age approximation of
/ 10,500 'years B.P.) the confining dates of 6500 to 8500 years
B.P. for the warming trend indicated by the increase of the
oxygen 18 content of the shell samples.
A paleontologlcal study by Harris and P1p (1973)

enabled them to propose a Holocene paleo- env1ronmenta1
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sequence (Fjgpre'6.2). Their study COncehtEated oQ dated

.

molluécan Faunaqcoliected by many worker§ fkam sites
throughout southwesterﬁ.ﬁlberta. Idenfificatjon of'épecies
type;'cOrreIated to present d;y habitat and substangiated by
an absolute’chronology, enabled é1éé$ification‘bf post .
~glacial climatic trends w%th inferred terrestrial
‘vegetation;vSamdﬁes, frdﬁ prog]aciay aﬁd suprajgiﬁqia] lake
sediments,'idehtkfied as - southern species alHowed'them to
speculate that'climafé'during the late Wisconsinan .
deglaciation was similar to tHe contemporary climate of_the
éreé. Hagfis and Pip (1973) concluded from their data that 2 .
temperatures continued to rise, créstigg,above those known
at the present, within the Altitherméi‘phase.'Théy
demarcated this phase between 7000 and 9000 years B.P. Their
.data suggested that since the deposition Qf Mazama Ash
| (approximately 6600 years. B.P.) temperatﬁfes have been
g' ncdually cooling. ‘_

Unfortunately Licﬁti-Fédebovich (1970), Fritz and
Krouse (1973) and Harris and Pip (1973) present somewiiat
varying interpretatiors for the period following
deg1é¢iation, and férlthe duration bf‘phe Altithermal
although general agreement does exist?réiative to
post-Altithermal time. For the purpoSe{ofqthe present study
the Altiihermal phase proposed hy Waters (1978) is acrepted

as a reasonable guide.
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6.3 Altithermal Episode: Reaction of Fluvial Systems

Conflicting interpretations have been suggested
cnncé}ning the reaction of particular fluvial systems to the
Altithermal episode in Alberta. Reeves (1967) concludes that
degradation prevailed, while Alley (1972), Stene (1976) and
Wilson (1981) fav~er aggradation. In contrast, Waters (1979)
suggests that the Altitherm;l was a period nf decreased
fluvial activity, wit" infrequent deposition by floodi"é.
and Yhus no major ne! aggradation or degradation.

Wilson (1981) v@por'i, from a radiocarbon-dated
alluvial sequénce, that the Altithermal interval was a phase
of fluvial agaradation in his study area, the Bow River,
srtithern Alberta. lle notes that‘tﬁis "contrasts with marked
erncinn in the southern plains” (Wilson, 1981, p.62) and

/

wit s of tha "danger of extrapolating”” the effects of 'he
I'"tithermal on fluvial systems over hroad arfeas

The relationship betweesn Holocene palen-enviicnmental
~hanges and the 1esponse of fluvial systems is basically
‘site speqific”. The initiatiwn.of change in a fluvial
qygtem respnonding 'n “1im5f‘f shift depends on numer~us
influential variablee which are unique an~ cha' arterieticr nf
individual draimgr systems '"‘vsical drainage basin
attributes such as hynpsomet'y . - atchmet area. surficial
sediments. type -~f bedro-t. and =nurce of discharge mus'! he
cong ider oA Wifh‘n\a barin’s uniqge bhys‘ical framework.
climatic indurced ~hange 1eqgarding local water table., amrunt

nf dis-harge, irmedinte-area climatic peculiarities and

/
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precipitation, type of vegetation and rate of changé. are
just several variables thét would influence the relationship
of péleo-envirénmental change and response of a fluvial
system. THe many possible qohbinatiénS~o;*unique and
individualized drainage basin attributes could poSsibly
implement contrasting changes in separate’fluvi;l:systems
reacting to the same paleo environmental Qariations.. |
Therefore, the question of the Altithermal’s influence on
fluvial systems should be directed locally. to detenmiﬁe the

possible responses of aggradation, degradation, or

stability.

6.4 Nver-steepened Tributary Reach

6.4.1 Persistence of the Over;steepened Reach

Slope reduction of thé over steepened reacg would cause
a proaressive linear change in channel gradient. and lead
towards a more general upconcavity of the creek's
longitudinal profile. This adjustment process usually occurs
when discharge increases exponentiglly downstream. The
influence of the basin’s bedrock!'reV1ewég in Chapter 13,
~anrfot be considered substantial because the rocks are of
l~w resistance to fluvial erosion. These would not have
presenteq a major obstacle to a channel undergoing gradient

reduction. Furthermore, the Strawberry Creek valley, ~

postglanially, has re-established itself in its:preglacial
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valley. ThUs;-during Holocene time the valley evolution has
develdped mainly within easily eroded va[ley fill material,
consisting of preglacial fluvial deposjté, plus a variety of
younger glacigénic sediments. -

The establishment of a particular longitudinal channel
profile results from the mutual adjustments -of
paleo-environmental variables and their interrelations 4
within a geologic and gebmorphic framework. from the first
order channels to the mouth of the basin, discharge and
velocity increase, along with the availability of stream
power. The energy of flowing water, stream power, is
expended by various hydrau]ic'and geomorphié processes, one
of which is the inherent reduction of stream gradient to
attain an equflibnigmnpﬁﬁfile. In the t.i!,taries under

-

consideration. the amount of'éime and/or energy available has
ghe establisbment of a fully

been ins@?fﬁciént to allow
concavé;lechannel long-profile "graded” to the North
Saskatchewan River. This is rzgfected by th; geomorphic
evidence‘wh{ch shows that the downstream reach of the creek
has persistently maintained é relatively‘steqp gradient
throughout Holocene time. In turn, this has imparted a

general up-convexity to the related seaoments of the stream

channel.
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6.4.2 Evolution of the Over-steepéned Reach

| Anlinterpretation ofithe Holocene development of the
over-steeppned reach is shown in Figure 6.3. Intuitively 1t
seems that the upstream 1imit of the over-steepened reach
mus t haQe migrated slowly headward and reduced its elevation
since its initial development. As climatic, and other,
variables perm1tted the drainage network WOuld have slowly
evolved on the plains surface Throughout the evolution of
the drainage system mutual adJustments betweenrthe
over -steepened reach and the val1ey upstream resulted in
slight headward extension of that reach. In this
interpretation the longitudinal profile changes are related
mainly to intrinsic adjustments within the’tributary valley
rather than to base-level alteration: an extrinsic variablerx
Although the over-steepened reach is related to both
base—level and the upstream valley factors, base~level has
not s1gg1f1cant1y changed dur1ng the past 8000 years. The
over- s teepened reach then, is ma1nta1n1ng an unstable
equilibrium between the tributary valleys and the North

Saskatchewan River.

6.4.3 Meander ing Channel Pattern

Prcposals regarding the origins and habits of
meander ing channels are numerous in the fluvial literature
but no single factor fully explains the cause'of meandering.
An early idea related meandering channels to the Coriolis

effect (Babinet, 1859) but more'contemporary ideas relate
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=s==:== T-1 lInterpretive Longitudinal
Channel Paleo-profileﬁ :
—==~=_T-2 Interpretive Longitudinal
ChannelPalep-pro_ﬁj_q :
------- — T-3 Interpretive Longitudi al
- Channel Paleo-profile
= T-4 Present Longitudinal
.~ Channel Profile

Over-steepéned
Reach

North‘
Saskatchewan
River

Figure 6.3. Interpretive Holocene developmental stages of the over-steepened reach.
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meandering mainly to factors of bank erodibility. dominant
sediment load and enerdy distribution in the channel. An
exhaustive ‘review of this sub ject would produce Qolumes of
text, thé?efore an in-depth analysis will not be attempted.
"Instead, the %ost obvious variabies related. to sihudsity in

.
the v1c1h1ty of the over-steepened reach will be briefly

pﬁesented
In the Strawberry Creek over-steepened reach sinuosity .
increases along with an increase in local vé]lé§ width. In:
this réach_an obvious difference exists between general
valley élope'and channel gradient. The longitudinal channel
profile is Markedly less steep fhan‘the longitudinal valley
profile. This implies that the channel has adjusted, within
- the over- steepened reach, by 1ncreas1ng s1nuos1ty in order
to reduce 1ts grad1ent Along w1th grad1en(\:educt1on,
increased s1nuos1ty tends to dissipate stream power
Taterally by erosion on the oqts1de, and depos:tjon on the
inSide. of meander bends. Streamflow vejocities and |
potential,enefgy are probably retarded in comparison to
possible values a straight channel could maintain at the
sahe valley slope. In relation to meandering'channels‘
Leopold et al., (1964; p.308) state "the channel tedd§'to
adjust to a condition in which the rate of work expended in
the system is minimum". The over-steepened channel reach
appears to Be adesting.in this manner. Another example of a
channel adjusting to a comparatively steep Valley‘slope by

developing a sinuous course is presented by Brice (1964)
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-from a stddy“of the Calamus River, Nebraska.'Anﬁabrupt
éteepenlhg of that'valley slope resujted from therdebositldn
.of large quantities of sedlment from;a ma jor fributary
during the Pleistocene. The acCentuated'valley slope has
been egmpehéafed by.an increase in channel'sl;uosify»rather
than by enhanced'incision te remove unconsolidated
sediments..Sinuosity dramatically'lncreasee'over two-thirds
of fhe steep reach'and then-.deereases over the last
_one- third of the reach where the channel steepens sl1ghtly
For the Strawberry Creek case, the lower reach of the
valley, w1th the over-steepened reach, is shown by FJgure
6.4. Thls reach is divided 1nto varuous segments for -
discussion purposes.. Segments Z- X and X-V .are of comparable
4§§lley lengths with line X mark1ng the apex of the
over - steepened reach. Upstream of the over -steepened reach_t
segmenl Z-X has a valley slope of 3m/km and a channel
grad1ent of 1.3m/Km. «*P contrast, the over steepened reach
(segment X-V) has a valley slope of 7. 5m/Km and a channel
gradient of 3.3;m/Km. In both segments the lengthvof the
channel is approximately twice that of the relafed, valley

reach lengths.

For the following discussion a standard sinuosity index

has been adopted. This is derived by dividihg theﬁlength ofa,
the channel by the length of.valley.reachelSchumm, 1963) .
For .the measurement of‘channel sihuesity in the indicated
Strawberry Creek valley reach (Flgure 6.4) it has been

divided into three segments of comparable valley length. The
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s1nuos1ty measurement segments were def1ned on the basis of
the observable increase in intensity of channel sinuosity in.
f the immediate area of the apex of the over-steepened reach.

- Segment Y-W delineates that area while Z-Y is upstream and
w-v downstream Segment % Y has a s1nu051ty of 2.16. In
‘segment Y-W the s1nuos1ty 1ncreases to 3.04 and then 1n_
segment W-V it reduces to 1.6, a value 1ower than for Z-Y,
the segment upstream of the over-steepened reach. In
add1t1on, the W-\ segment has no preserved remnant terraces,
other than T-4, adJacent to the channel. ~This paucity of
‘terrace remnants probably relates to the 1n1t1al episodes of
valley evolutlom where a steep-sided gully system would have
existed in this segment. Thus, much of the.Valley-evoiution

in this segment probably took place in early Holocene time.

'6;4.4 Complex Adjustments .

- Complex adjdstments are inherent to\a dratnage basin in
the process of rejuvenation. Schumm and Parker (1973%
provide an example of comp lex response in-an experimental.
basin The labEfatory dra1nage bas1n was reJuvenated by a
drop in base-level. and basin responses were subsequently
monitored.- Adjustments by 1n0151on occurred quickly near the
mouth of the basin and, as expected, thls incision migrated
headward But as incision m1grated progress1vely headward
sed1ment production 1ncreased unt11 it .exceeded the
transporting capacity of the Iaboratory stream. This

resulted in deposition'wtthin the downstreamsreach. Thus,
- /
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lthe basin responded to rejuvenation by a complex adjustment
involying both net incision and net aggradation in different
reaches. Schumm-(1977) further propounds the Significance of
complex responses and refers to several field examples
Additional field- examples of this occurrence are presented |
by Berger (1978), Hey '(1979), Hiable. (1980) and Patton and
Schumm (1981). |
lhe tributariesfin‘this study'may have'adjusted to the

incision episodes of the valley development by comparable
complex responses. It is suggested that during 1n01310n |
episodes increased ‘sediment yields promoted dep051tion
within the over- steepened reach. The potential for storage
of abundant sediment (Schpmm. 1977) is best in .the upstream -
section of the over-steepened reach.where*the valley is
relatiyely wide and a large.floodplain maylpe maintainedi
Concomi tant with aggradation would be the reduction of -
channel gradient along parts of the reach. An additional
factor is that during the spring, when peak discharges
occur, hydraulic damming of triodtary-creek.flows by the
North Saskatchewan River would tend to decrease their
veloc1ties and promote backwater deposition 1n the vicinity:
of the creek mouths.
“ -Thus, in the tributaries complex responses to "the
jncision episodes of their valleys.may have temporarily
.reduced the channel gradients, along parts of the

over-steepened reaches, 'by aggradation. The amount of time

required to remove the aggraded sediments cannot be
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estimatedb but the repeated occurrence of the comp lex
respense processes would have assisted in the preservation

of the over-steepened reach. 3

6.4.5 Bed Armoring

[ 3
Gessler (1970) suggests that bed armoring.is a

_erosion may result in the progressive re 1 of finer

"self- stab1hzmg process” in a]luv1al cIels. Selective
material With the development of a stable,'coarse bed
material, arhor coat that inhibits further degrade;ion of
the'chahnel;'Not only does a continuous armor retafd*general
degradation but, also, this maylbe locaily effecfive»for a

°series of armosed_reaehes. This implies that under certain
conditions the development of arﬁoring is an inherent
limitation of the degradation process. Begin (1979)
‘investigated degradation of slluvial changels in a. '
laboratory flume. Pa;t of thai study entailed measuring the
rate ef Knickpoint migration induced by lowering of
base-]eﬁe]. In several of his experiments knickpoint o
migration g%he to a complete halt in response toa“visualiy"
apparent bed armor1ng
The process of bed armor1ng was suggested by Raans
(1969a) as a poss1ble factor 1nh1b1t1ng degradation in the
over-steepened reach of the Whitemud Creek. Rains (1969a,
p.189) noted the occurrence of a eontinuous "gravel veneer"

along the over-steepened reach with an.abrupt change of

channel bed material to "fine grained debris" upstream of -
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that reaéh. The sources of bed armoring gravels were
attributed to the redistribution of alluvial terrace
deposits, Laurentide till, preglacial gravei‘and éand and-
'suitaﬁlé bedrbck;uThe scarcity of bed_armorihg upstream was
- related by Rainé (1969a) to the comparatively'shallow‘
‘upglream depth of va]ley jncfsion, thus limiting the sources
of suitable material.

During the valiey deve liopment phaées of the local North -
Saskatchéwan River tributaries., progressive excavation would
have provided the over -steepened reach with abundant
‘sediméhts..The repeated addition of large amounts of‘
sedimentlto the over-steepéned reach; with subsequent
winnowing of tfe finer matéria]s,'may have caused renewed
accumulations‘df éoarse lag graVélsr Once bed armoring is
‘established the ultimate removal of coarse clasts is
dependent on magnitude and frequency of discharge‘to
overcome the‘resistance imposed by the coarse channel hed
materials. This process has likely been a factor‘
contrfbuting to the delayéd s lope reductién'mf the

over-steepened reach. i

6.4.6 Basin Relief

Basin ré]ief is a variable affecting the drainage
system’s potential eﬁergy and it partially regulates the
relative speed of denudation (Anhert, 1970, Schumm, 1977).
The relief .of the tributary basins is relatively minor.

Predominantly, this results from bedrock topographic relief
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and, aTso.~the sﬁfficial deposits which include a relatively
flat mantle of glaciolacustrine Sediments; The low relief of
the basfns, combined with their characterﬁstically short
'seasonal peak flows, and other factors, have pfevented the
tributary streams from establishing a channel profile

"graded" to the North Saskatchewan River

6.5 Origin:of the Terraces S
The terrace remmants in the tributahy Va11eys record
four-stagéé“of relative channel stability during which
floqdpléfn development was dominated by lateral planation
and acéretidnl The chronology established in this study
‘indicates -that two of the ma jor phases of net incision
nccurred approximately between the time of deglariation a’
Q000 years B.P.. and circa 6000, 4000, and 2000 years R I

Within at least the p3ast 4000 vears the ,tributaries have

‘
expar ienced two additional net incision phases —nlminating
in the contemporary floodplain and channel. The chi ane T,

of the last two net incision phases cannot be clearly
distinguishedfbecaUSe of the onccurrence of “"overlapping’ in
the presently aQailable radincarbon dates. The dated samples
do indiéate. though, that the channel probab{y lay close to
the elevation ~f T 3 about 3000 years B.P Sometime
thereafter the channel incised to roughly its contemporary

leval. certainly by about 1200 vears B.P.



An interpretation of the mechanisms resprnsihle for -
geomorphic features répresenting the phases nf rr1aek
stability and incision is necessary to conclude thie t'
There may be several approaches to this challenge. A
traditional histdrical interpretation would emphasize
paleo-environmental changes. and their intéractioh, t
explain phygical'adjustmé”*° nf th; fluvial gysten tt - oo
tine llowever, the elements contributing to theesr ya!ley
Ae elopment phacec canﬁot‘be adequately explajned in 'earm-
~l adjustments to climatic variations. Thus, gene:nl
hharécte{istics of the hdé' g1acia]‘pql9~ é%vivﬂnmen‘ ar e
firet onitlined in relation to the ;allﬂy Je ve lospmen t A
For the punpose cf—'. thie “Jigeor'gsginn the Halncane = 'otn
scmewhat arhitr ~ ily divided into ' a-Altitheprmn:
AVtithermal and ' et B1titharmal an'endeea

Uv\dn'ht-rl;v compley ac T-gica' adjustyenta, 1elgfzd
partly tev ) imatie f"-‘angnc. rltaya t g sigrfi ant v""lf.‘ Peeow
ave lut fan ol the Qf'awh;vvy Treal” ualley Tn 2-dditio:
thongh  the concept - f maimorphi- thpaghalde (Aepumm 1 )
chonld be congidered as a pr-hably imbov'an' a é%fﬂf in
evalution of the valley Cor 'gin ge-morphic "c_.wah‘vaq are
evident freom this ctudy that suppedt Flae adeg Vi, of the
geomorrhi - Yhreshal~ ~opearmt g¢ t1 1 0 ALK

var fabhvie Gy the yallay o oVt fo

Pre-pAltitherms) Episode
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- The exact character of the local paleo-environment
during the period between deglaciétio” and the onset of the
Altithermal is not clear. Ffor evample. Fritr and Krouse
(1973) sugagest 'hat an initial period was warmer than at
present. Harris ard Pip (19723} c~ clude that early post
glacial temperatu := were similar to those at prasent, while
Lichti Tederovich 1970) ifere = conler, myister climate
i':;"\ at present,

Whatever the gspecific clima'ic characteristirs were
during this °ni§od$ ﬁ\ly general -peculations regarding.

~

fluvial pro%esses.ﬁiv be made, In simple terms, the earliiest
post glacial “o.~lopment ¢ f A1 ainage natworks in the
tribhutary tasi- s = ~hah'y inyalved two nain elements First,
the downgt: ~am v='lay 3 gmen! unao'ﬁen' bvogressivn. rapid
adjiict mant e 'the Inca nse level (florth Saskaichewén
Piver) quickly lowered 'hig engment prohably began its
de.alopment 3ag 3 mai~e 'y o ravine gystem. Seeond, the
figvol'(""ent f 1w o iy rhiane e le Yendn o thae gently

“"’)Pi"'ﬂ cdragi 7 mrein e 1 larnag "he "'20'\:'|l(“¢" and !ﬁr‘e"‘fihl\

nf post glepedal - Y'patic changre, and the type of vegetation

sunensci gty ' 0 e protly determined the epeed and
avient i g’ et h It~ s aningae neti.~r'tg in the d?vo]oping
tpitotacy basin- o mar by phnég of tr'butary valley

a nluti~n priendu ~' v mairs ~hann~1 whi- ' had rea« hed
etab-ility with 2 pr deingntly ~nacave up log nrofile ot
the T ! pe-ition by ~ppr »imat 'v 8500 years B ' The

.

) .
e b e eyu o ey ,\i.,. C g mmented -
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/
morphologically unstable 1ink between the major part of the

tributary network and the North Saskatchewan River (Figure

6 3).

Altithermal Episode

The record from the StraWberry Creek valley reflects a
period of morphological stability during tFE*A1tfthermal
interval. A dated paleosol found below Mazama Ash in the T-1
alluvium'(section 12) supports Waters’ (1979) interpretation
of the Altithermal as a period of reduced fluvial activity,
indicated by numerous sites in éé;thwestern Alberta
Alluvial deposits which lie above the Mazama 'Ash may reflect
a climatic shift at the end of the Altithermal towards
moister conditions. with délayed response of the vegetative
su‘te adjusting ta the moister conditions. The probability
of enhanced flood discharges, with increased éediment yields
at the end ~f the Altithermal, wbuld be reasonable if a
climatic <hift proceeded faster fhan vegetatiqn successions.

During the comparatively precipitation-deficient
AMtithermal the local tributary streams may have adog?ed
more extremely ephemeral discharge chafacterisfics..?;e
possible lowering of the regional water table during the
Altithermal (Ritchie, 1976).’coup1ed with the relatively
small size and low relie? of the local tributary catchment
areas. means that a shift towards ephemeral discharge

conditions would be probable. This would result in the

reduction of stream power to execute significant



geomorphié/morphologjc changes in the tributaries.

The effect of Altithérmal conditions on the Strawberry
Creek was neither degradation nor major aggradation. The
Strawberry Creek evidence Suggests that the Altithermal
interval was one of general morphological stability,
resulting in a delay of the progressive evolution of the
channel’s intrinsic attempt to attain a "graded” profile

relationship to the Ndrth Saskatchewan River.

*

Post-Altithermal Episode

A general climatic shift from Altithermal
characteristics has prevailed in post-Altithermal time.
Erog;éssivély cooler témperatures; with increasing
precipitation, have resulted in a shift of vegetation zones
and a rise in the water table, with infilling of local
lakes. Within this time-span the greatef part of the
tributary valley degradation has occurred in three “
developmental phases. It is very difficul}.to isd?ate the
climatic element as a major factor in these fluvial

ad justments because the general, post-A]titHermal, climatic
ﬁtrend appears to have been one of a progressive shift
towards cooler and moister conditions.

The magnitude of this progressive climatic change has
"not been sufficient to cause any maJor fluv1al adJustments
gf the local North Saskatchewan River system during

post-Altithermal t1me Although the North Saskatchewan basvn

is relatively large, and climatic change,would need to be

~
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significant to promote morphological adjustments, the fact
remains that the depth of its valley 'in the Edmonton area

has remained virtually unchanged during the past 8000 years.

Geomorphic Thresholds

The charactecistic concave-convex channel profiles of
the tributary valleys imply that‘a "graded” condition, has
yet to be achieved relative to the local base-level of the
North Saskatchewan River. The evolution of the tributary .
valleys to date has not been by continuous erosion but,
rather, adjustments have been made by relatively rapid
incision phases. Fo]low1ng each incision phase ‘the channel

atta1ned comparat1ve stability along the predomlnant valley

“Mf;gat dhsplays a concave- up channel profile.

Schumm's (1977) geomorphic threshold concept is
proposed as a probable explanatory model for the |
characteristic forms of the tributary drainage basins.'
including their terraces. With the adoption of the threshold
concept it can be stated that the tributaries are adjustihg ‘
by intrins}c thresholds in an attempt to attain a profile
“graded” to the North Saskatchewan River.

From thelterrace morphology data presented it is
evident that four paired terraces exist, By extrapo]aticn.
of the terrace treads, paleo-floodplain curves were
constructed. The paleo-floodplain prof11es reveal that the
incision episodes individually re-established a

predominantly concave-up channel profile thus attaining
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stability. These stable periods existed for signifiéént time
periods and were followed by the probablyAfaﬁid occurrence
bof incision episodes. - . | |

A significant attribufe of intrinsic thresholds is the’
presence of morphological instability. The exi§teﬁce of a
downstream, convex-up profile in the tributaries reflects
such morphological instébi]ity in their systems. This
implies ihat the tribqtary valleys have yet.to'achievé
equilibrium with respect to the North Saskatchewan River. It
is proposed that the tributary valleys are adjusting by
" phases of episodic erosion followed by adjustments to the
prevaiiing morphological insfability inherent in the system.
The substantial developmental time-lags which have‘bgrsiéted
between the tributaries and the. North Saskatchewan River
val1éy are clear]y‘demonstrated by the radiocarbon datihg
evidence presented earlier. ,

A combination of Schumm’s (1977) theoretical threshold”
concept and’the results of this,studf:are shown in Figure
6.5. The top diagram of Figure 6.5 displays a small-scale
version.of the VaTley‘develdpmenta1 phaéesa The longitudinai
channel profile is divided inta two components; (a) the
predominant concave-up channel reach showing the‘episodic
erosion phases and,: (b) the over-steepened reach that
¢ohstitutes‘the jnherent'mofpho]ogical instébi]jty; In
éomparisbh«with;Schumm's (;577) theoretical threshold
concept, it is squested that fhe tr{pufary Systems aré

representative of a "dynamic metastable equilibrium" $t§a§;m~'f
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The ultimate goal of "dynamic equilibrium" may be obtained
after the.tributarieé‘have progressed through phases of
aggradation and degraqation until the channel profile is at
"grade” with the North Saskatehewan'River. The dashed lihet
on Figure 6.5 is the wr1ter s concept1on of a future channel
profile and "dynamic equ1]1br1um of the system

The Holocene paleo- env1ronmental variables are of
1mportance in consideration of the intrinsic thresholds The
cl1mat1c variables regulate the energy input to the fluvial
systems Variatﬁons of paleo-hydraulits} vegetation
success1ons, pedogenes1s and sed1ment suppl1es allow the
systems to reach 1ntr1ns1c thresholds. In essence the
var1abqllty of the extrinsic, paleo-environmental factors
are regulating the sequent1al development of the tributary

valleys by dictating the amount of time required for the

systems to attain 1ntr1ns1c thresholds This explains why in

the f1rst 5000 years follow1ng deglac1at1on only one major
‘1nc1s1on and aggradatjon phase ‘occurred in these valleys.
‘The Altithermal 1nterval reflegts a phase during whlch
1ittle evolution ofvthe tributary.Valleys appears to have
occurred. In contrast: over the last 5000 years, with
progresslve climatic shift, three incisian/aggradation

‘phases have takeh place. Thus; the later Holocene evolution

of the tributary valleys has been comparatively active while

:.

vthe North Saskatchewan River. valley-has remained more or

~-less in equilibrium.

L2
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9. Appendix B

i

Da{a-re}eV$nt to radiocarbon-dated alluvial terrace

sections; "Strawberry Creek valley.

-2
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RadiSéarbon date: 8660 t125 yrs. B.P.

Lab number: S-1926

Terrace: T-1

Alluvial stratigraphic secfion:‘Section 12, Figure 5.19a.

Radiocarbon dated material: Charcoal fnégments.gf organic

paleosol. ' | | J

Stratigraphic Position: Dated paleosol was observed at 2.5m
aﬂgve the alluvial gﬁaygl/bedrock‘contacf and was
directly pﬁecedéd by.1.66nfinjng-upward sequence of
sands and silts. Radioéarbon d;ied charcoallwas
extracted from the 15 cm thick organic paleosol. Above
the paleosol was 9 cm of silt énd fine sand which~ih'
turn was fdllowed by 6 cm of volcanicAash. THe volcanic
ash was identified by electron ﬁrbbe analysis as Mazama
Ash, approximatély ddted at 6600 years B.P. The ash.
horizon was succeeded by 30 ch of overbahK fiﬁes which

in turn was followed by colluvium.

A

. : K
‘Radiocarbon date: 8015 + 135 yrs. B.P. o

Lab'nuhber: S-1787 .

Terrace: T-1 o
Ailpvié%jstratigraphic §ection: Seetion039.ﬁngure 5.18b.
‘Radiocarbon datedjmaterial; Bi-valve/mollusc\Fhells.

. . SN——
Stratigraphic position: The shells were extracted from

1

\\) - - e - - ..... P TR
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well to moderately bedded sands and grits associated .
with the basal gravels of the Tc1 alluvial sec®™on. At

this section T-1 alluvium overlies preglacial gravels

and sands. ' ' ' .

Radiocarbon date: 5865 + 135 yrs. B.P.

Lab number: S-1788

Terrace: T-1

“Alluvial stratigraphic section: Section 27, Figure 5.19a.

Radiocarbon dated ‘material: Bone; bison, phalanx ot hind

1 4

foot.
Stratigraphic position: Bone was extracted from the
contact plane between 1.35m of overbank fines and

over lying banded slump material.

Radiocarbon date: 5640+130 yrs. B.P.
Lab number: 5-1788
Terrace: T-1
Alluvial stratigraphic section:.Section 39, Figure 5.19b.
" Radiocarbon dated material: Bone; right mandible of Qagi§
lupus. |
Stratigraphic position: Bone was found on the terrace scarp
surface well above the contemporary floodpla1n The
. or1g1nal emplacement of the bone appears to have been in

either the T-1 terrace alluv1um or the over1y1ng soil

~
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profile.

To

Radiocarbon date: 46851 yrs. B.P.

Lab number: S-1800 . . . '_ - h -
Terrace: T-2 | | |
Alldvial‘sfratigﬁaphic section: Section 34, Figure‘5.20b.
Radioqarbon dated:material: Bone; small unidentifiable

fragment.

4

~Strat1graph1c pos1t1on bone was extracted from. po1nt

bar sands, im below terrace tread sur face.

Radiocarbon date: 1965175 yrs. B.P.
Lab number: S-1783 \;-
Terrace: T-4‘ . -
Alluvial stratigrapﬁic section: Section 79, Figure 5.22.
Radiocarbon dated material: Bone; bison ribs and veﬁtebra;
Stratigraphic posftion: Bones were extrdcted from

overbank fines, 50 cmrbeIOW'térraée tread surfaCe.

-Radibbarbon date: 1625+ 80 yrs. B.P. : . ' -
Lab number: S-1785 - , ,d ‘;‘; |
~ Terrace: T- 3 ' L _"l” ” .d, o \\

Alluviail stratigraphlc section Section 99, Figure 5.21¢c

v:Radiocarbon dated mater1a1 bone, top_pobtion.of bison
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iy

skull.
Stratigraph%z%@osition: Bison skull was extracted
from béSa}_gravels and sands, 1.4m beneath terréce tread

sur face.

Radiocarbon date: (JNQS 80 yrs. B.P.

Lab number: S- 1786 fg}

Terrace: T-2 K o
Alluvial strafigraphic Se¢t%on Sect1op 89, Figure 5.20d.
Rad1ocarbon dated- mater1a] Bone; b1sd@ skull top port1on

@

and atlas. .”\a

Stratigraphic‘position B1son°skull was. extracted -
from overbank f1nes, 55 cm bgneath terrace tread

surface —

Radiocarbon date _Z§D.85’7’é
Jjﬁ}1ﬂﬁﬂ5’r s- 1784 | | T
Terrace: T-3 ' |

Alluviai stratigraphic section: Section 76, Figure 5. Qic

. : él'l,; ' .:\o
Radiocarbon dated material: Bone bison (Juven1le) lumban '3:<§
vertebra. oy

Stratigraphic position: Bone was extracted from
'   point'bar sands, 1.84m below terrace tread sqrfacé.

-



