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ABSTRACT 

The thesis examines the forms and origins of small 

valley systems within the clay lowlands around Ottawa and is 

particularly concerned with the respective roles of past and 

present conditions in shaping their evolution. The valleys 

exhibit major variations in form and discharge. They may be 

dry and V-shaped or may possess a perennial but underfit stream 

which meanders upon an alluvial floodplain. Three valley sys­

tems which reflect these contrasts were selected for detailed 

observation. They are located at Gatineau, Trend Village and 

Gloucester Glen. 

The rales of contemporary processes in the shaping of 

slope and valley form were evaluated with the aid of field 

observations of form, discharge, slope processes, microclimate, 

soils and vegetation. The fundamental control of land form 

appears to be the behaviour of the basal stream. No signifi­

cant variations of slope form with aspect were noted whereas 

three main types of slope system were identified which depend 

upon the influence of the basal stream. 

(i) Slopes on the outer bends of meanders in floodplain 

valleys are powerfully undercut. Their soils and plant asso­

ciations are degraded. Maximum angles are steep, rates of 

curvature are high and forms are dominant]y convex. 

(ii) Slopes which experience no undercutting within such 

valleys support developing soils and plant associations. A 

basal concavity may be present. Rates of curvature tend to be low 
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and maximum angles are gentle. At Gatineau, where undercutting 

is absent in many of the seasonally dry valleys, slope form is 

complex, consisting of successive convexo-concave sequences. The 

mid-slope facets are probably terraces. The present slopes appear 

to be static and probably resemble those at the time when active 

fluvial processes ceased. 

(iii) In many of the dry valleys, discharges are active 

during the spring mBlt. Slope forms reflect the balance between 

weak processes of fluvial undercutting and gravitational proces­

ses. Soils and vegetation associations appear to be at arrested 

stages of development as a result of this equilibrium. The max­

imum angles, rates of curvature and the relative developments of 

convex and concave slope segments depend upon this balance. 

The role of historical conditions in the shaping of the 

valleys is indicated by the characteristics of present-day dis­

charges. The valleys were initiated on the surface which emer­

ged from beneath the Champlain Sea and, for which, maximum and 

minimum dates are approximately 10,000 B.P. and 7,500 B.P. re­

spectively. The extensive terrace systems of the Ottawa River 

reflect both discharge decline and base level decline since the 

regression. Palynological evidence suggests that, during the re­

gression, climatic conditions were cool and moist (9,000 to 8,000 

B.P.) and, as such, would have been ideal for valley initiation. 

The subsequent warmer, drier phase could then have encouraged the 

onset of underfitness which has produced the present meandering 

streams. WhBre the additional influence of base level decline was 

iv 



also considerable, valleys may have been rendered dry and cur­

rently experience discharges only during the spring melt. Such 

valleys are usually V-shaped. In conclusion,the present forms of 

the valleys and their slopes pre a direct response to the impact 

of these historical circumstances upon basal stream activity. 

v 
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1(a) The Aims of the Thesis 

The object of this thesis is to investigate the form 

and origin of certain small valleys in the Ottawa area. These 

valleys are minor tributary developments of the Ottawa River drain­

age system and they ars usually incised within late-Quaternary 

surficial materials. With the aid of slope profile data and other 

quantitative field observations, the study attempts to assess the 

relative roles of past and present physical conditions in the 

shaping of these valleys. Special emphasis is directed towards 

the relationship between slope form and process. 

The only major work which directly concerns such valleys 

is that of J.A. Heginbottom (1967) whose investigations were con­

ducted in the Montreal area. Other similar valleys, however, are 

common in many parts of the Ottawa Rivsr valley between Montreal 

and Pembroke. They represent a phase of fluvial downcutting which 

was initiated during the last 10,000 years and which has been 

intimately linked with the development of major river terraces. 

In a regional sense, the relevance of the study lies in 

its attempt to contribute towards a further understanding of events 

in the recent geomorphological evolution of the Ottawa area. These 

events begin with the waning of the Wisconsin ice sheet which was 

the most recent glacial phase in eastern North America. Deglac-

iation was accompaniBd by a marine transgression into the Ottawa-

St. Lawrence lowlands. By approximately 10,000 years ago, this 

major marine incursion, which has bean termed the Champlain Sea, 

had begun itself to give way to freshwater and subaerial condit-
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ions. This transformation and subsequent events are perhaps 

less well documented than those of the marine phase itself. 

The present study, by describing and attempting to in­

terpret some of the landform assemblages of the region, comp­

lements research on other aspects of tha post-marine phase, such 

as the nature and dating of the regression of the sea (see E. 

Antevs, 1925, 39; J.A. Elson, 1963, 68, 69; J.A. Elson and J.B. 

Elson, 1959; N.H. Gadd, 1961, 63), the characteristics of post-

marine deposits (sea W.A. Johnston, 1916, 17; Antevs, 1939, Gadd, 

1961, 63), the magnitude of recent isostatic uplift (see T.C. 

Kenney, 1964), the post-marine evolution of the main channels 

of the Ottawa, Gatineau and Rideau Rivers (see Johnston, 1917; 

J.W. Goldthwait, 1933; Gadd, 1963; J. Lemenestral, 1966; G.D. 

Hobson, 1970), the dating of the abandoned courses of these rivers 

(see R.J. Mott and M. Camfield, 1969), the nature of the major ter­

race assemblages (sea Johnston, 1916, 17; Goldthwait, 1933; J.R. 

Mackay, 1949) and the trends in late-Quatarnary climatic fluctu­

ations (see J.E. Potzger, 1953; J. Terasmae, 1959, 60, 61; J. Ter-

asmae and P. Lasalle, 1968). 

The study is also of interest in that it considers an 

area in which slope instability is a significant engineering prob­

lem. Fluvial processes are frequently operative within Champlain 

Sea sediments in the vicinity of Ottawa. The deep-water facies of 

this sediment sequancs is a fine blue-grey clay which is highly 

sensitive and prone to liquefaction (E. Penner, 1965). Where the 

processes of incision and undercutting produce high-angle slopes 
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within this material, rapid slumping may follow. In the past, 

such clay slopes have been considered from an engineering stand­

point, for example by C.B. Crawford and W.J. Eden (1967) and by 

W.J. Eden and R.J. Mitchell (1970). In the present study, however, 

land form is considered to be a component of an integrated system 

which also comprises a series of fluvial, climatic, biological and 

lithological variables. Geomorphological research which seeks to 

explain environmental variables as responses to each other is now 

commonplace (see, for example, M.A. Melton, 1958; J.T. Hack and 

J.C. Goodlett, 1960; J. de Ploey and J. Savat, 1968; MQA. Carson, 

1969a) and frequently involves a systems approach (see, for ex­

ample, Hack, 1960; F. Ahnert, 1967; R.J. Chorley, 1967; A.J. Con-

acher, 1967; C.S. Denny, 1967). 

The remainder of Chapter One considers the recent geo­

morphological history of the Ottawa area and describes three field 

sites which were selected for detailed investigation during this 

study. Chapter Two discusses the significance of slope form. The 

chapter begins with a critical review of some of the theories which 

have been advanced in order to interpret the relationship between 

slope form and slope processes. This is followed by a considera­

tion of the relevance to slope form studies of the characteristics 

of lithologies, slope processes, fluvial processes and historical 

factors. In Chapter Three, field observations are presented con­

cerning the nature of slope and valley forms within the three local 

study areas. The forms of 103 measured slope profiles are class­

ified and parameters of angle, dimension and shape are considered 
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and compared. In Chapter Four, the characteristics of both past 

and present processes in the study areas are reviewed. The first 

part of the discussion consists of a summary of field observations 

on the nature of present-day processes, soils, vegetation assem­

blages and microclimates. The latter part of the chapter considers 

the role of historical conditions in initiating and shaping the 

valleys. In the concluding chapter, an explanation of the nature 

and variation in slope morphology is attempted. Three slope models 

are constructed and, within each, the characteristics of present 

slope systems are related to the historical conditions which have 

influenced slope development. 

1(b) The Geomorpholooical History of the Ottawa Area 

A review of the geomorphological history of the Ottawa area 

is essential to any consideration of the nature and origin of the 

valleys. The area consists of two physiographic regions. In the 

north are the PreCambrian uplands of the Canadian Shield which are 

bounded to the south by the Eardley escarpment. To the south are 

the lowlands of the Ottawa valley. These are veneered by Quater-

nary materials which overlie both PreCambrian rocks and Ord-

ovician limestones and shales. 

A.E. Wilson (1946) has examined the bedrock and economic 

geology of the area, and Johnston (1916, 17), Antevs (1925, 39) 

and Gadd (1961, 63) have reviewed and discussed its Quaternary 

evolution. It appears from such studies that the main topographic 



6 

features of the area, which are present today, were already in 

existence during the immediate pre-Pleistocene period. Although 

the Quaternary era did not drastically modify these features, it 

produced the landforms and materials which are the object of the 

present study. 

The nature of the advance and retreat of the Wisconsin 

ice sheet in the Ottawa area has been documented by both Gadd 

(1961,63) and U.K. Prest (1970). There is little evidence of pre­

vious ice sheets. Deglaciation produced a rise in sea level which 

was more rapid than the isostatic response of the land to the re­

moval of the ice overburden. Retreat of the ice was accompanied 

initially by the formation of large freshwater lakes but this trans­

itory phase was rapidly replaced by marine conditions. The approx­

imate extent of the marine inundation, which is known as the Cham­

plain Sea, is indicated in Figure 1.1 (p.7). In the Ottawa valley 

itself, marine conditions extended to some miles beyond Pembroke. 

The Sea was responsible for the deposition of large tracts of marlnB 

sediments (Fig. 1.2,p.8). Some landforms were wave-washed and 

reshaped, and others, such as sand bars and spits, were created. 

It appears that, after attaining an early maximum depth, the Sea 

shoaled and there was a gradual transformation from marine to sub-

aerial conditions. 

The importance of this change should be stressed because it 

was at some time during the post-marine phase that the tributary 

valleys were initiated. The nature and dating of this transforma­

tion has been the object of conflicting interpretations. Gadd (1961, 
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63) has argued that marine conditions ceased when the level of the 

waters in the valley had declined to an elevation of approximately 

325 feet because it is only below this elevation that non-marine 

sediments overlie marine sediments. Antevs (1939), however, had 

contended that there was a later marine incursion which he termed 

the Ottawa Sea. His hypothesis depended particularly upon the rec­

ognition of two clays of marine origin. 

Gadd (1961, 63) has described these two clays. The older 

Champlain Sea clay is light grey, massive, soft, fossiliferous and 

exhibits traces of oxidation above the water table. The younger 

brown mottled clay is brown to brownish grey and is stratified in 

places with alternating light and dark bands. It is stiff, non-

calcareous, oxidized and tends to be mottled, even below the water 

table. Gadd postulated that the latter is a freshwater derivative 

of the former which has been redeposited by ancestral stages of the 

Ottawa River. The proposal implies that freshwater conditions have 

been continuous since the retreat of the Champlain Sea. 

In support of this hypothesis, it is passible to demon­

strate that there has bean considerable isostatic recovery in the 

area. The most recent radiocarbon dating for Champlain Sea fauna 

is L604D which was determined for shells discovered at an eleva­

tion of 350 feet in the Ottawa area (W. Dyck and J.G. Fyles, 1962). 

The age of the shells is estimated to be 10,200 ±200 B.P. According 

to J.R. Curray (1965), mean world sea level at that time was approx­

imately 200 feet below its present elevation (Fig. 1.3, p.10). 

By adding this figure to that for the altitude of the shells, one 
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may calculate that the minimum net isostatic uplift at the dated 

site has been 550 feet since 10,200 B.P. (see Kenney,1964, for 

discussion of procedure). The net rise in sea level since that 

time has been 200 Feet and Figure 1.3 suggests that this rising 

trend has been consistent rather than fluctuating. There havB been 

no reports of ice re-advances in the Ottawa area during this per­

iod which might have resulted in isostatic downwarping. Under these 

circumstances, a phase of more recent marine conditions is unlikely. 

Despite the differences which have been stated, the hy­

potheses of Gadd and Antevs are similar in that they involve thB 

deposition of a clay since the retreat of the Champlain Sea. 

Since the clay which overlies the Champlain Sea clay is areally 

very extensive (Fig. 1-2, p.8), such a phase of deposition would 

have been of major proportions. Furthermore, since this clay 

characteristically veneers the fluvial terraces into which the 

small tributaries are incised, these latter could not have been 

initiated until after the clay was deposited. 

In 1965, a different interpretation of the origin of the 

upper clay was offered by Crawford and Eden who demonstrated that 

many of the geotechnical characteristics of the two clays are sim­

ilar. It should be noted that these authors employ criteria for 

distinguishing the clays which are different from those which Gadd 

has employed. In areas where Gadd has identified the brown mottled 

clay, however, CrawFord and Eden describe a clay which is overlain 

by an oxidized crust. More recently, it has been stated that, 

The weathered crust oF Leda clays....(This is 
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an engineering term for the Champlain Sea clay) 
....is of variable thickness and may extend to a 
depth of 10m. It is identified by decreasing 
field vane strength with increasing depth....The 
crust consists of two layers: an upper oxidized 
layer which extends approximately to the depth of 
seasonal variation of thB groundwater table, and 
a lower layer of gray clay. The upper portion of 
tha crust is strongly fissured and may allow 
water to move freely through thB clay. 
(Eden and Mitchell, 1970, p.285). 

It is possible, thersfore, that the brown mottled clay is 

a leached crust of the marine clay. This hypothesis accords 

with other evidence which suggests that, within the Ottawa area, 

the post-marine phase has been characterized by the dominance of 

processes of erosion. 

It appears that, initially, an undulating, bedrock-con­

trolled marine plain began to emerge as relative sea level de­

clined. Field evidence suggests that the altitude of this plain 

would have lain betwaan 300 and 360 faet (Gadd, 1963; Crawford and 

Eden, 1965; Lemensstral, 1966). As an Example of this evidence, 

Crawford and Eden have demonstrated that normally-consolidated 

clays occur between these elevations whereas clays at lower el­

evations have become progressively more overconsolidated as a 

result of loading by the sediment overburden (Fig. 1.4, p.13). 

Most of the small tributaries in the Ottawa area appear tD have 

bean initiated on this surface. The radiocarbon date L604D 

(Dyck and Fyles, 1962) provides a maximum age of 10,200 B.P. 

for this surface. The exposure of the marine plain to sub-

aerial processes, however, was probably rather gradual. As Gadd 

(1961) has reported, considerable quantities of meltwater discharge 
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from Lake Algonquin, a prBdecessor of thB Grsat Lakss, ware sup­

plied to the Ottawa River through the Fossmill channel near Mat-

tawa. As this source of dischargs declined, that of the Ottawa 

River was reduced. Of the sevsral channBl outlsts in thB Mattawa 

arBa, the most recent was closed by 5,250 B.P. (radiocarbon date 

GSC-1162), a date which was dsrivsd from wood fragmsnts. During 

this phass of dischargB dsclinB, thB Ottawa Rivsr was also influ-

sncsd by ths dscline in elevation of regional base IBVBI. Ths rivsr 

began to dissect both its alluvium and the marine clay beneath it. 

If the small tributary valleys were initiated at this time, it is 

possible that they developed as Extended consequent streams on 

the emsrging surface. A similar process of stream initiation was 

envisaged for the Montreal area by Hsginbottom (1967). 

As a rssult of thB declines in both discharge and base 

IBVBI Blsvation, thB Ottawa Rivsr developed a seriss of tBrraces. 

These features are discontinuous and are associated with veneers of 

channel, bar, delta and spit deposits (Gadd, 1963 - see Figure 1.2, 

p.8). The approximate locations of the bluffs and terraces are 

mappsd in Figure 1.5 (p. 15). The information for this figure was 

obtained from an analysis of topographic sheets and aerial photo­

graphs. Although the terracss ars discontinuous and hava bssn 

locally influsncBd by warping, an attempt to identify and classify 

the various levsls has been reproduced in Figure 1.6 (p.16). The 

inferred marine surface varies in elevation betwBBn 360 and 290 

fast, partially bscauss of rock control, warping and local tidal 

scour or fluvial Erosion. Youngsr tsrracBS are frequsntly dividad 
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by islands whoss summits represent the dissected remnants of older 

terracas. Ths most recant tsrrace, which is at an elsuation of 

approximatsly 1̂t0 feet, occurs only below the Chaudisrs Falls. 

From this information, it is possibls to suggsst the main 

adjustments in drainage pattern which may have taken place since 

the initiation of thB post-glacial Ottawa River. Four main stages 

are recognized in Figure 1.7 (p.18). At stage one, during the mar­

ine regression, an estuary existed which was betwssn five and Sev­

an miles wide and which posssssBd several islands. With the dev­

elopment of stage two (the 220-foot surface), most of the discharge 

became confined to the Mer BlBue path. At the 190-foot stage 

(stage three), the Ottawa River above the Chaudisre Falls was al­

most in its present position with the excsption of a path of dis-

chargB through ths Laks Constancs arsa. Furthermore, the Mer 

BIBUB path was now abandonsd because further downcutting was inhib­

ited by a rock threshold in the vicinity of Alfrsd, soma forty-

five miles to the Bast of Ottawa. Ths drainage had bean totally 

divsrtsd to the more northerly channel which it presently occupies. 

This channel, howevsr, had been operative at least as early as the 

220-foot stage since morphological evidencs suggssts connscting 

channsls. ThB major features of the present drainage pattern in 

ths Ottawa area are indicatBd in stage four. The Lake Constance 

channsl is dry and ths 1t»0-foot surface is in the process of devel-

opmsnt downstrsam from Ottawa. Downcutting further upstream is 

inhibited by the rock threshold at the Chaudiers Falls. 

Radiocarbon datss ars available only for the 220-foot 
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surfacB and are pressnted in Table 1.1 (p.20). Thers ars two 

datBs for ths minimum ags of ths abandoned channels in ths Msr 

BIBUE rsgion, OOB at 6,750 B.P. and the other at 7,650 B.P-

Other dates are availabls from Catharine Street and Richmond Road. 

It appears from this data that, during the 2,500 years which fol­

lowed the termination of the Champlain Sea, the marina surfacs and 

sBvaral fluvial terraces had bean abandoned and the 220-foot sur­

face had bean created. During that period, thersforB, thB Ottawa 

Rivsr achiBvsd approximately 100 feet of downcutting. During the 

succEBding 7,500 ysars, psrhaps only 60 fast of downcutting has basn 

achiBvsd,and this only bBlow ths Chaudiere Falls. FurtharmorB, 

7,500 ysars constitutss a minimum ags for ths emergBncs of thB mar­

ina surfacs upon which the study valleys wars initiated. 

Ths Bvolution of the drainage pattern in the Ottawa valley 

would undoubtedly have bBen influencsd by important rsgional cli­

matic fluctuations. Both temperaturs and precipitation influencs 

runoff, dischargs, and sediment yield so that cool and moist cli­

matic conditions favour the operation of fluvial erosion processBs 

(G.H. Dury, l96<+a). The findings of Potzger (1953), Terasmas 

(1959, 60, 61) and Tsrasmas and LasallB (1968), which arB applic-

abls in ganaral to thB Ottawa-St. Lawrsnce lowlands, are pressntsd 

in Tabls 1.2 (p.21). ThB invBstigations of these ressarchars, 

which wars bassd upon palynological evidence, indicate a change 

from cool and moist to warm and dry conditions and a subsequent 

return to cool and moist conditions. It may be that eithar of the 

cool, moist psriods (from 8,000 to 9,000 years ago or during ths 



TABLE 1 . 1 . MINIMUM RADIOCARBON DATES FOR THE 22Q-F00T SURFACE AROUND OTTAWA 

DATE CODE 

GSC 5^8 

GSC 681 

GSC 628 

GSC 5U1 

GSC 5<»6 

DATE 

(YEARS B.P.) 

6750±150 

7650t210 

7870t '60 

8220±150 

8830±190 

LOCATION 

MER BLEUE 

'•5°23 ,20"N 75°31 ,0"W 

MER BLEUE 

U5°30 ,0 , ,N 75°30'20"U 

CATHERINE ST 

i.5°2'»,N 75°<*2'W 

RICHMOND RD 

1»5°21'N 75%8'W 

GLADSTONE AVE 

k5aW\2"R 750«*2'37"W 

ALTITUDE 

(FEET) 

220 

225 

220 

235 

200 

STRATIGRAPHY 

GYTTJA 

GYTTJA 

GYTTJA 

WOODY PEAT 

GYTTJA 

COLLECTOR 

J . TERASMAE (1959) 

J . TERASMAE (1959) 

J . TERASMAE (1959) 

N.R. GADD & J . 

TERASMAE (1961) 

R .J . MOTT (1966) 

REPORTER 

LOWDON, FYLES AND 

BLAKE, 1967 

LOWDON,AND BLAKE 

1968 

LOWDON, FYLES AND 

BLAKE, 1967 

LOWDON, FYLES AND 

BLAKE, 1967 

LOWDON, FYLES AND 

BLAKE, 1967 

a 
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TABLE 1.2. POLLEN ZONES IN THE ST. LAWRENCE LOWLANDS IN THE 

POST-GLACIAL PERIOD 

PROBABLE 

AGE (YEARS B.P.) 

POST-GLACIAL 

2,000 

(*,000 

6,000 

8,000 

LATE-GLACIAL 

9,000 

10,000 

12,000 

1t»,000 

POLLEN ZONES 

UF POTZGER AND 

COURTEMANCHE 

(1953-1956) 

Q5 

COOL, MOIST 

WARM, MOIST 

Q3 

WARM, DRY 

Q2 

COOL, MOIST 

Q1 

WARM 

POLLEN ZONES FOR 

ST. LAWRENCE LOWLANDS 

BY TERASMAE AND 

LASALLE (1959-1968) 

I I.S. Sprues 

D.S. Hemlock 

II I.S. Beech, Hemlock 

S.S. Sprues, Fir, 
Birch 

D.S. Pins 

III I.S. Whits Pins 

D.S. Sprues, Fir, 
Hemlock, Basch 

IV I.S. Jack Pins, Fir 

D.S. Spruce, Birch 

V Spruce Maximum 

Ul I.S. Pine, Birch, 
Alder, NAP. 

D.S. Spruce 

VII I.S. Spruce, Willow 
NAP. 

VIII I.S. Boreal sp., 
Sprues 

D.S. NAP 

After Terasmas (1959) and Terasmae and Lasalle (1968). 

1.5. = Increasing Species; D.S. = Decreasing Speciss; 

S.S. = Supporting Species; NAP = Non-arboreal pollen. 



22 

last 2,000 years) could have favoured the initiation of the trib­

utary valleys. None of these valleys has bean dated by radiocar­

bon analysis, however, so that such speculation is ressrvad until 

Chaptsr Four whsrs thB EvidsncE of vallBy form is considerBd. 

1(c) Study Sites and Field Observations 

For the purposa of field investigations, threa areas were 

selactsd for study. It was rsquired (i) that the field sites be 

located in different parts of the Ottawa area, (ii) that they bB 

saslly accBssibls and (iii) that thsy bB free from obstacles to sur­

veying such as dense covers of vegstation. Ths lattsr critsrion is 

dsbatable, howevsr, in view of the passible anthropogenetic nature of 

the valleys (see Heginbottom, 1967). Several potentially-suitabls 

valley sites were located an maps and air photographs and these were 

subsequently examinad in ths fiBld. 

The three sites which were chosen are known in this study 

as Gloucestsr Glen (A). Trend Village (B) and Gatineau (C) - sea 

Figure 1.8 (p.23). Thres, one and four valleys respsctivBly wsre 

considered at thesa locations. The valleys possess both north-south 

and aast-WBSt alignments in order to ensurB the pressnce of slopss 

of various aspacts. The vegatation in the vallsys varies from asso­

ciations of closely-croppBd grasses whers grazing occurs, to the 

initial stagss of a bush association whsrs grazing has bssn discon-

tinuad. Dense bush associations were avoided although trees are 

present in some valleys. 

ThB brown mottlsd clay is prssent in all of the study 

valleys but the underlying Champlain Sea clay outcrops only rarely. 
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FIG. 1.8. THE LOCATION OF FIELD STUDY AREAS AROUND OTTAWA 
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The brown mottled clay appears to have been espscially succsssful 

in attracting vallBy davelopment. It is the dominant surficial 

material not only of the three areas of study but also of most of 

the other minor fluvial systems, as demonstrated in Figure 1.2 (p.8). 

Morphology within the study valleys is varied. The val­

leys at Gatineau are short and deeply incised. Channel gradients 

hers ars steep whersas slops angles are lowsr than Elsewhere. At 

GloucestBr Glen and Trend Village, valleys are longer, slope angles 

are steepsr and channal gradients are gentler than at Gatineau. 

ThE vallsys at the three sites are also graded to various terracs 

levels which are rslated to different stages of drainage evolution. 

The Gloucestsr Glen area (Fig. 1.9, p.25; Plate I, p.26) 

is located threB milss to ths south of Uplands Airport. At this 

sits, a vallBy complBx has become incised into the inferred marine 

surface to a depth of bstween twenty and thirty feet. In this 

area, which is adjacent to the Rideau River, the surface is under-

lain by brown mottlsd clay and ranges in elevation from 300 to 315 

feet. It is flanked by areas which rise to approximately 375 feet 

on marine beach materials. The drainage system is graded to the 

floodplain terrace of the Rideau River which is situated at approx­

imately 260 feet. 

The drainage pattern at Gloucester Glen is dendritic and 

most tributaries appear to reach the main trunk valley (valley A1) 

from the north. The trunk stream is approximately seven miles in 

length. It is perennial and drops sixty-five feet along a course 

which meandBrs over a wide floodplain (Plate II, p.27). The valley-
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Source. Topographic Maps .— 2BO Contour 
Contour Interval 10-20 feet 

• Permanent Stream 
Intermittent Stream 
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FIG 1 9 THE FIELD STUDY AREA AT GLOUCESTER GLEN 
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Plate II. Uail^v A», showing a detail of the 
channe1 £• n" floodplain (grid ref• 
*t691*»8). 
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side slopes are locally undercut by the strsam and may attain 

anglas of forty-two degrsss. In vallsys A2 and A3, dischargs 

occurs only during ths spring melting period. Valley A2 lacks a 

floodplain (Plate III, p.27) whersas, in vallBy A3, a small flood-

plain is situated astride a narrow incissd channsl (Plate IV, 

p. 29). 

The stream network at Trend Villaga (Fig, 1.10, p.30; 

Plate \1, p.31) flows northwards to the Ottawa Rivsr at Graham 

Bay and, in its lower reaches, passes through the urban dBvelop-

ments of Leslis Park and Bayshors. ThE main strsam (B1) crossss 

three terraces of the Ottawa River along a coursa af approximately 

seven miles during which it drops in elevation by 100 feet. The 

stream is incissd into brown mottled clay on ths lowsst terrace, 

which varies in elevation betwasn 210 and 230 fast (thB 220-foot 

surfacs). Ths strsam is Bntrsnchsd into ths Champlain Sea clay 

on the second terrace (270 to 290 feet) which is separatsd from 

ths marins surfacB by a minor bluff (Fig. 1.5, p. 15). This bluff 

is cappad by marins gravsls. At this point, brown mottled clay 

outcrops in the vallBy sidas. The uppsr tsrracB (ths marina sur-

facs, at 310 to 320 fast) is thinly vEnsered with alluvial sands 

which have been dissected to expose the brown mottlsd clay. On 

this surfacs, thB valley possesses a floodplain. Stream under­

cutting has produced slopes which locally attain maximum angles of 

forty-five degress. The volume of water which occupies the channel 

fluctuates seasonally but a continuous flow is maintained, 

even during summer (Plats WI, p.32). Ths drainage pattern varies 
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Source : Topographic Maps 
Contour Permanent Stream 
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FIG I 10 THE FIELD STUDY AREA AT TREND VILLAGE 
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from terrace to terrace. It is dendritic on the upper surface 

where most tributaries ars from the west. Further downstream, 

tributariss ars absent. 

The valleys at Gatineau (Fig. 1.11, p.3*t; Plate VII, 

p.35) ars confinsd to a terracs bluff which separatss tsrracs 

IBVBIS at 325 to 330 feet (the marine surfacs) and 150 to 200 

feet (ths 190-foot surfacs). Ths higher surface is cappad by fine 

alluvial sands but the study valleys are incised into ths undsr-

lying brown mottled clay. The bluff is approximataly 100 fast 

high and the valleys which traverse it experience a considerablB 

lass of Blsvation aver distances which are usually lass than ons 

half mils. Valley depths are variabls and may rangs from greater 

than seventy feet to less than ten feet. The smaller valleys are 

often unbranched and quasi-parallel,occurring as closely-spaced in­

dentations in the terrace bluff. Larger valleys occasionally as­

sume a dendritic pattern. The valleys lack floodplains and their 

headward limits are characterized by shallow depressions which do 

not possess fluvial channels (Plate V/III, p.36). The valleys are 

dry for most of the year (Plate IX, p.36) and fluvial processes 

da not appear to be effective. 

The selected study valleys provide an opportunity for the 

consideration af many physical factors which may contributa to their 

prsssnt charactBristics. Variations may be associated with dif­

ferences in age, history, alignment and present physical Environ­

ments. It is also possibls to consider the modifying influences 

of man's activities. In some valleys, the trsa vsgetation has been 
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Plate VIII. A detail of a typical small dry valley 
incised into the bluff at Gatineau; there 
is no distinct channel form (grid ref* 
U76383). 

Plate IX. A detail of valley C3; the channel is in­
distinct; a prominent mia-slope facet is vis 
ible in the foreground (grid ref. t*?2382)* 
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cleared. Grazing pressntly occurs in all valleys excspt valley 

B1. In the latter valley, it was necassary to confine field obser­

vations to the upper reaches because of the considerable downstream 

modifications which have resultsd from urban expansion. Even in 

the upper section of the valley, howevsr, urban dsvalopmBnts ars 

beginning to encroach and refuse dumping occurs in places. 

During the present study, a variety of field obssrvations 

wers recorded at the study sites. In each vallay, the longitudinal 

profile and sBvsral slops profilss were msasursd in order to pro­

vide an indication of the nature of slope and valley form. The 

slope profilBS havs bBEn classifisd into straight and curvsd seg-

msnts. Several morphological parametars ars dBrivsd from this 

quantitative data. Thess parameters include the maximum and mean 

angles of slope, vallay cross-profile dimsnsions and indicss of 

cross-profils asymmstry. 

In Bach vallEy, a rsgolith transect was conducted. Sev-

aral soil pits were Excavated along the SBlactsd cross-profiles and 

soil profiles wers dsscribsd with rsspsct to horizoning, depth, 

texturB, structurs and colour. In thrse vallsys, vagetation trans­

ects WBTB conducted in order to notB variations in thB composition 

of floristic associations. In valley A2, some microclimatic data 

wars collsctsd from ths opposing north-facing and south-facing 

slopes of one cross-profils. The data include soil temperaturss, 

soil moisturs contsnts and ths dBpths of snow accumulation. Flu­

vial and gradational procssses were noted but it was not feasible to 

undertake quantitative process mBasurEments bscauss of ths brisf 

duration of the study. 
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THE IMPORTANCE AND SIGNIFICANCE OF SLOPE FORM 
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2(a) Introduction to the Problem 

It is possible to view whole landscapes as assemblagss of 

slopes of varying form and gradient so that slope studies have 

assumed grsat significancs in gBomorphology. Thsse studies have 

been characterized by a complex variety of approaches and objectivss 

which havB contributad to ths many divsrsB intsrpratations of 

slops form. 

A racurring problem in slope form analysis has bean thB 

apparent absencs of a simple relationship betwaen slope form and pro­

cess. ThB nature of this relationship was perhaps a sacondary 

factor in the cyclical framswork of W.M. Davis who concBntrated 

upon the significance of gensral bass lsvel and the evolution of 

landforms through long periods of time. Many recent studies, how­

ever, have investigated local situations in order to explain morph­

ological variations as specific responses to complex local physical 

systems (see, for examplB, A.N. StrahlEr, 1950; Hack, 1960; Hack 

and Goodlett, 1960; Conacher, 1967; Carson, 1969a). 

The approaches to these studies provide a suitable con­

ceptual framework within which to invastigats thB forms, procBssas 

and sxtsrnal controls which arB pressnt. The slope may be viewsd 

as a systsm within which form evolves as materials are sxchangsd 

with ths surrounding Bnvironmsnt. Thase exchangss are influenced 

by biological, lithological, climatic and fluvial variables. It is 

possible to incorporate the form, the processes of exchangs and the 

controlling variables within a single conceptual open systsm model, 

as illustrated in Figure 2.1 (p.i*0). 
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The following review of literature discusses the com­

plex nature of slops form, ths stats of knowledge concerning the 

relationship betwesn slops farm and procsss, thB diversity of local 

controls and the conflicting interpretations which have besn pro-

posed for the evolution of slopes through time. As such, the re­

view constitutes a nacsssary background ta further studiss of slopB 

form and provides a commant upon ths validity of a systems approach 

to the issues which are considered in this study. 

2(b) Interpretations of Slope Form 

The profiles of slopes are oftsn classified into thair com­

ponent convex, concave and rectilinsar slops ssgrnsnts for dsscrip-

tive purposes. Distinctive assemblages have been identified as a 

result, including the convexo-concave slope of humid temparata lati-

tudss and ths frBB faca/debris slope form of semi-arid areas (H. 

Baulig, 19^0, 57). Explanations of the origins of thesa segments, 

howevsr, are diverse and contradictory. 

Convexities are usually attributed to erosional processes. 

In 1909, G.K. Gilbert wrote that "....On the convaxity, the amount 

of soil to be removed increasss down-slope; a progressively steeper 

slope is thersforB rsquirsd for its removal." (cited in A. Young, 

1963, p.28). Baulig (19<+0) supports this statement in general al­

though he disputes some of Gilbert's prsmisBs, including ths assump­

tions that both rates of weathsring and rsgolith thickness are con­

stant over the convexity. N.M Fenneman (1908) suggested, in a 
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similar hypothesis, that the increase in the volume of wash in a 

downslope direction in turn increases its erosional and transporta-

tional powers so that downslope steepening occurs. 

In contrast, it has also bean statsd that ths summit of 

tha dividB sxpsriBncBS ths most affective denudational procsssss 

so that a convsxity develops through summit flattening. This no­

tion was suggested by G. Gotzinger (1907) and expanded upon by 

W. Penck (I92t»), A.C. Lawson (1932) and 0. Lehmann (1933) - these 

authors are cited in Young (1963a, p.28). It is also believed that 

convexities may result from the wEathsring of a bsdrock surfacs 

bensath a talus apron (A. Wood, 19U2; J.P. Bakker and J.bJ.N. LB 

HBUX, l9<+6, fc7). 

Ths origin of concavs ssgrnsnts has bBen attributed to both 

erosional and depositional processes. G.K. Gilbert (cited in 

J. Dylik, 1968, p.7) reasoned that concave surfaces are associated 

with concentrated runoff. It may be argued that rills possess 

the same rslationships among thsir hydraulic paramstBrs as do 

streams which develop concavs profiles, and slope concavitiss havs 

often been attributed to rill wash (Fennsman, 1908; Baulig, 19UQ; 

R.E. Horton, 19^5; C.A Cotton, 1952). On many concavitiss, however, 

rills may be entirBly abssnt or ars prsssnt only pEriodically, 

psrhaps after hsavy rainfall (B.U. Sparks, 1960, p.6^). 

Deposition occurs on many basal concavities and slope 

regoliths ars frsqusntly thicker in these zones than elsewhere. 

Lawson (1932) actually asserted that these zones are entirely depo­

sitional but A. Jahn (1963) demonstrated that the concavities may be 
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more correctly interpreted as zones of nst accumulation. He 

has concluded that rates of erosion which are associated with rill 

wash on the basal concavity may far exceed the rates of erosion 

which are maintainad by soil creep on the summit convexity. 

Rectilinear segments frequently occur between convex and 

concave sagments and, in many instances, they may farm the maximum 

angle segments. One may rsason that such segments reflect a bal­

ance betwean thosa processES which fashion convexities and concav­

ities respsctively (Baulig, 19^0). The significance of maximum slope 

angles has besn assesssd by Strahler (1950, pp.68^-685) as follows: 

Within an area of esssntially uniform lithology, 
soils, vagBtation, climatB and stags of dEvslop-
ment, maximum slops angles tend to be normally 
distributed with low dispersion about a mean value 
detBrminsd by ths combinsd factors of drainags 
dsnsity, rslief and slope-profile curvature. 

This view envisagss an equilibrium form which reflects conditions 

within an integrated physical environment. 

Rectilinear segments have been said to retraat parallel 

to themselvBS, particularly where they are characterizsd by rapid 

mass movEmsnts. It is arguad that ground loss, when measurad psr-

pBndicular to the slope surfacs, occurs at the same rate ovsr the 

Entire surface (P. Birot, 1968, p.61). S.A. Schumm (1956a) and 

Carson (1969b) have describBd rsctilinsar ssgrnsnts which appear 

to be transportational slopes. On such surfaces, an equilibrium 

Exists batwBBn the material which is brought from upslope and the 

material which is evacuated downslope so that thers is no nst 

ground loss. 
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In summary, it is clear that there is no simple relation­

ship between slope form and process. The literature has, however, 

identified important considerations which include not only the nat­

ure of slope processes but also the characteristics of the bedrock, 

the effectiveness of fluvial processes and the influsncss of his­

torical conditions. It is impsrativs that ths relationships of these 

factors to slope form be examined further. 

2(c) Environmental Controls 

(i) Geotechnical Influences 
— • — • ^ — i 

Bedrock and its regolith are the slBmsnts of rEsistanca 

to thB procBSSBs which operate within thB slops system. Materials 

may be CBmsntad, granular and rssistant or unconsolidatsd, non-

cahBsive and wsak. GEotschnical propsrties such as strength, struc­

ture, dip, chemical composition and wsathering history may vary 

from slope to slope or even within individual slopes. Sevsral 

authors have noted the differant dsgrsEs Df davBlopmEnt of con-

VBX, concavB and straight sagmsnts on differing lithologies in 

Belgium (P. Macar and R. Fourneau, 1960; Fournaau, 1960-1961; 

Macar, 1963). Macar and Fournaau (1960) have noted also that un­

consolidated materials adjust more rapidly to Bnvironmsntal con­

ditions than cemantBd rocks. Slopss tand to ba stesper in loose 

sands than in schists or sandstones, following ths rBcsnt initia­

tion of slopa-steepsning procsssBs. 
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On slopes in coherant rocks, failures are not often desp-

ssatEd and ars usually confined to the regolith zona. In Champ­

lain Sea ssdimsnts and other unconsolidated materials, however, 

failures may occur at any depth. The sourcss of strsngth in such 

matsrials are cohssion, intsrnal friction and pore watsr pres­

sures. Cohesion is ionic bonding among soil particles and watsr 

moleculBS and tsnds to bs grsatsst in clays (Crawford, 1963). 

Where cohesion is lacking, materials cannot support slope grad­

ients which excesd the angle of reposa, a property which is deter­

mined by internal friction between particles (A. van Burkalow, 

19*»5). Cohesive forces, howavar, may psrmit slopss to assume 

steeper inclinations, especially during periods of drought when 

negative pore prsssures reinforce the strength of the material. In 

oversaturated soils, pore pressures are positivs and act against the 

atmosphere to alleviate normal stress and, in consequence, to re­

duce soil strength (R.H. Karol, 1960, pp.^8-50; Carson, 1969b). 

The permsability of materials influencES ths naturB of 

thB procBSSBS which affect them. For exampls, Schumm (1956a) has 

demonstratad that crssp is an sffsctivB procEss on psrmBabls mat-

arials whereas surface wash becomes relatively mare important as 

the infiltration capacity of the soil declinss. Matsrials with 

high waterholding capacities are susceptiblE to failurs by flow 

rathsr than by sliding. ThBy also sxpsriEnce greater impacts 

from both freezs-thaw procsssEs and watting and drying cyclss. 
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(ii) Slope Processes and Slops Form 

Many studies have been devoted to the relationship be­

tween slope forms and the processBs which shape them but few prin­

ciples have been established. For example, it is a common premise 

of deductive models of slope evolution that the ratea of operation 

of slope processes are positively correlated with slope angle (see 

W.E.H. Culling, 1960, 63; A.E. Sqheideggar, 1961, 6U; Young, 

1963b; de Ploey and Savat, 1968). Yet field observations by both 

Young (1960) and M.J. Kirkby (1967) have failed to demonstrate this 

relationship. In addition, R. Common (1966) points out that the 

stability of a slope depends on many factors other than slope angle 

and the associated gravitational stress. One is compelled to agree 

with Chorley (I96**a, p.71) in his conclusion that 

....neither the manner of evolution of the slope 
nor the processBS rssponsiblB can ba unambiguously 
deduced from the slope form alone....All Erosional 
slops forms prasent ambiguities if one attempts 
to reason simply and directly from form to pro­
csss, and it is now patently apparent that no dis­
tinctive slope form is uniquely linked to a givsn 
climatic or tsctonic erosional environmBnt. 

The work of C D . Holmes (1955) and M.J. Mulcahy (1961) has shown 

that the functions of slope surfacss of similar anglas may bs 

Erosional, transportatiqnal or depositional, depanding upon thsir 

position on the profile and on conditions in the local environmsnt. 

From fisld observations, howevsr, it appEars that within 

specific areas of fairly uniform conditions, slope processss opsr-

ate within definits rangss of slope angles. Jahn (1960) contsnds 

that, in Spitzbsrgan, rockfalls occur on slopas abovs **0 dsgrBBS, 

talus aprons with dry gravitational sliding on surfacss bstwsen 
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30 and 1*0 degrees, creep on humid talus slopes inclined betweEn 

15 and 25 degrees, and solifuction on slopes of betwssn 2 and 25 

degrees. 

Carson (1969a) has attemptsd to Explain such findings 

by formulating a modal of succssding phasas of slope devBlopmsnt. 

Each phase is characterized by a threshold angle of slope below 

which its characteristic pracess(Es) cease to operatB. For Example, 

evolution from a vertical rock face may involve four succeBding 

phasas; a rock slope of large blacks, a talus slope, a moist tal-

luvial slope and a soil slope. In a later article (M.A. Carson 

and D. Petley, 1970), the concept of the threshold angle is held to 

imply that, as the minimum gradient for a particular process is 

reached, that process will be replaced by a new procsss with a 

lowsr thrsshold unlsss a compsnsating procsss of slaps stsspsning 

is operative. Sets of processss with diffsrsnt thrssholds, there-

fors, ars likely to characterizs small ragions. 

The main factor in the diffsrBntiation of slops procBssss 

throughout ths world appsars to be climate (Common, 1966). As a 

result, variations in slops form in diffsrEnt parts of the world 

have bean rscognizBd. The contrast betwaen the convexo-concave 

slope of humid latitudes and ths free facs and dsbris slopss of 

semi-arid areas is an Example. 

Within a single region, climatic processes vary from slope 

to slope with aspect. Aspect and slope angle control the amount of 

insolation on a surface at any given latitude (B.J. Gamier, 1968). 

In addition, winds operate in prefsrrsd dirsctions to crsats wind-
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ward and leeward slopes. Such microclimatic contrasts are oftsn 

sufficisnt to promote asymmetry of valley cross-profile form. In-

tsrprBtation of slops asymmstry rsquires care, howBvsr, since this 

phenomenom is also caused by structural variations, asymmBtrical 

drainage development and differential strsam undsrcutting (H.M. 

Frsnch, 1967). R.F. Hadlsy (1961) has Bxprsssad thB opinion that, 

in many parts of North America, the north-facing slope is usually 

steBpsr than thB south-facing slops which expsriBnces more rapid 

slope processas. These processBS lead to accumulations of debris 

at the base of the south-facing slops which deflect the stream 

channel against the north-facing slope. This slope, which is 

stsspsnBd by undsrcutting, is mors capabls of maintaining its grad­

ient than the opposits slops bBcausB of its greater vegstation 

covsr and moistsr, mors cohasivs soil. French (1967) has demon-

strated, howevsr, that steeper slopes have been idsntifiBd in many 

areas of North America and Europe which possess various orientations. 

Thess steeper slopes, furthermorB, ars not consistently either the 

wetter or drier or the cooler or warmer of the two slopes. It is 

claar that tha litsrature concerning asymmetrical slopes and val­

leys is ambiguous and conflicting. 

Vegstation may influence the nature and rats of opEra-

tion of slope processes. According to G.K. Gilbert (cited in 

Chorley, 1959, p.503), a plant cover promotes weathering and rock 

disintegration but rstards ths removal of the laasenBd debris. 

Most workers have emphasized its capacity to protect the soil from 

erosion, for exampls, K.G. Smith (1958) and Chorley (196**b). 
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UnlikB climate, howevsr, vegstation is considerably in­

fluenced by the slope system. Schumm (1956b) rsportsd that, at 

Perth Amboy, New Jsrsey, gentler slopes appear to support more veg­

etation. It is probabls that, as slope angle increasss and grav­

itational procBssss bBcoms mors BffEctivs, plants experiencs pro-

grsssivsly mors difficulty in bBcoming sstablishEd within ths mobils 

rooting msdium. Floristic associations, therefore, may reflsct ths 

Effsctiveness of slaps procBssss. As rsgolith mobility incrEases, 

the succession may be halted and the plant association may bB main­

tained in an equilibrium condition (as an immature climax) or may 

even be degraded. 

Ths maturity of soil profilss on a slope is a similar 

index of the BffBCtivsness of surface processss. P.H.T. Bsckstt 

(1968) has writtsn concErning ths Aufbsreitunq concept of W. Psnck 

which allsgEd that soil matsrials ars progrEssivsly rsducsd with 

tims and bscamB incrBasingly susceptible to removal. Penck be-

lieved that the rate of removal is proportional to slope angle and 

it follows that the degrBB of maturity of a sail is invBrssly pro­

portional to slope angle because soils require ever-declining 

angles of slope in order to ensurs thair continued evolution. P.A. 

Furley (1968) has presented field evidencs which partially supports 

ths Aufbereitung theory; but its precepts limit its applicability to 

convex and straight surfaces which experience only shallow surfic-

ial processss, such as sheet wash, cresp and rain splash Erosion. 

Variations in soil maturity with topography havs bBBn noted by many 

othsr worksrs, including C D . Ollisr and A.J. Thomasson (1957), 
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Young (1963a) and French (1967). Such variations may be obscured, 

howevsr, where ssepags moisture migrates over the slope by through-

flow rather than by vertical infiltration (Kirkby and Chorley, 1967). 

(iii) Fluvial Processes and Slope Form 

Slope form is a componsnt of valley form and it is thera-

fore logical to expect that fluvial processes exercisB a consid-

srabla influsncE upon it. 

In V-shaped valleys, downcutting and slope undercutting 

are simultaneous processes where the slope bass merges with the 

channal bank. Ths ultimata gradisnt of ths slope may depend upon 

the relative efficacies of two processes: (i) the downslops trans­

portation of dsbris; (ii) the erosion and transportation of mater­

ials by the basal stream. 

In floodplain valleys, downcutting is negligable and slope 

undercutting occurs only locally. Valley depth and slope height are 

rslativsly constant. Ths floodplain level is not built up because 

mast deposition occurs in the form af lateral accretion in shift­

ing meanders (M.G. Wolman and J.P. Miller, 1960). Lateral erosion 

occurs on the outer bends of meanders (M.G. Wolman and L.B. Leopold, 

1957). WhBrs ths latter are adjacent to the valley-side slopes, 

undercutting and slope steepening occurs. Often, the erosive cap­

acity of the strsam far Bxcseds the transportational capacity of pro­

cessss of mass movement. In such situations, the slopes tend to be 

oversteepanBd to ths maximum gradients which the bedrock materials 

are abls to support. Away from these points of localized erosion, 

undercutting is absent and slops processes reduce slope angles with-
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out interruption. It appears that even floodwaters do not under­

cut these slopes because of the absence of the turbulent flow which 

characterizBs watsr motion within thB main channsl (Dury, 195*+). 

The form composition of the slope profile has been found 

to vary with basal fluvial activity. Culling (1965) and P. da 

Bsthuns (1967) have argued that, theoretically, convexities should 

tend to increase in length and to acquire progressively lower rates 

of curvature where slow mass movements are operativa. Observations 

of the processes of soil cresp by Schumm (1956a) and of rainsplash 

erosion by de Ploey and Savat (1968) support this contention. 

Activs fluvial processes at the base of the slope, haw-

ever, opposB this tsndancy, Strahler (1950) and Culling (1963) 

observsd that thB ratss of curvaturs on dividss incrsass directly 

with such drainage basin paramstBrs as ths density of vallay spac­

ing and available relisf. Ratss of curvaturs tsnd to incrsasB, 

therefore, in areas of downcutting and channel extansion. On slopss 

which are powarfully undsrcut, the upper convexity is reduced in 

length and assumes a high rate of curvature. FurthermorB ths ds-

velopment of a basal concavity may be entirely suppressed (Baulig, 

19^0). In such situations, ths maximum angle segment is located 

near the base of ths slops which is dominantly convex in farm. The 

basal segment often occurs as an undercut scar without soil or veg­

etation (R.W. Packer, 196**; Birot, 1968, pp.60-61). The overall ef­

fect of undercutting appaars to bB to simplify ths form of ths 

slops profilB. When basal fluvial activity ceases, variations in 

process and structurs are more likely to produce a complex slope 

form. 
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As a further indication of the connection betwsen slops 

form and fluvial procBssss, a rslationship betwssn slops angle and 

channsl gradisnt has often been cited. W.M. Davis predicted that 

these two variables would be positively corrslatBd and Strahlsr 

(1950) concBivsd of thB rslationship as a delicate adjustment which 

reflects the quantity of slops debris to bB rsmovad by ths strsam. 

Strahler devised a slope ratio (channel slope / hillslope gradisnt) 

for the investigation of this notion. Fisld observations suggestsd 

to him that the slope ratio declines as valley development procesds 

so that, for sxampls, as stream segments attain higher orders in a 

drainags basin, their channel gradients becoma less whereas those of 

the adjacent slopes increase. 

Melton (1960) has noted a further relationship between 

slopB angle and channsl gradient. He has illustrated from data 

in Wyoming that, as channel gradient increasss, its influsncs 

Bvantually dominates other controls of slope angle and, by produc­

ing efficiBnt removal of material from the foot of the slope, leads 

to symmetrical valley cross-profiles. 

(iv) Slope Evolution 

Early theories of slope devBlopment have Emphasized the 

evolution of geomstric form through tims. Thsse evolutionary con­

cepts were parts of elaborate cycles of landscape development. In 

W.M. Davis's cycle of pensplanation, slopss decline in angle about 

a fixsd local base level once maturity has been achievEd. In this 

concept, the slope rsssmbles a closed systsm and the peneplain is a 

land surface at maximum entropy. L.C King(l953) proposed a cycle 
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of pediplanation in which the end-product was also a flat surface. 

Throughout the cycle, howsvBr, ths slopss rstreat parallel to them-

SBIVBS; thsy ars free to migrats and ars not fixsd in position by 

a local bass IBVBI. Such slopss rssemble mors clossly opsn sys-

tsms in a steady state. W. Penck's model of landscape devslopmsnt 

(192^) involvBd two SUCCESSIVE trends in the Evolution of a slope 

through time. Initially, a convexity develops as fluvial down-

cutting accelsrates but, later in the cycle, when downcutting csases 

to operate, sweeping concavities consume the divides by ths pro­

csss of slops rBplacsmBnt. Explanation of this change is assisted 

by visulalizing the slops as a ssries of facets of varying grad­

ient. During the devalopment of the concavity, steep facets retrsat 

rapidly to bs rsplacEd at thBir basss by gsntlsr facsts (Penck's 

modal is. described in M. Simons, 1962). 

Cyclical approaches to ths intsrprBtation of slops form 

havs besn criticizsd in rBcent studies. Chorley (1965, p.25) con­

sidered that, 

The relationship betwBsn gradisnt and rata of 
mass transfer is more partial and complBX than 
Davis assumed....such that some aspects of land­
scape geomEtry may be relatively unchanging 
throughout large segmsnts of "cyclic time", 
whersas thB dstailsd pattern af change of others 
may be neithar progrsssive nor continual. 

Hack (1960) argued that one may satisfactorily explain landscape 

faatures as responses to the conditions which prevail at the time 

of the study. Chorley(^965) also fait that this approach trans-

fars tha smphasis of rBSsarch to ths complex problems of the rela­

tionships between form and process. S.A. Schumm and R.W. Lichty 
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(1965) havB concludBd that historical studiBs such as those of 

Penck, King and Davis tsnd to undBrsstimatB the unity within the 

landscaps whsrsas rscsnt quantitative studies have suppresssd tBmp-

oral considerations and ignored sequential and migrating changes. 

For some problsms of landscaps intsrprBtation, a reasonable 

explanation may only be sought from a comparativB Evaluation of past 

and prsssnt conditions. For ExamplE, although the form of flood-

plain valleys with meandering streams is often attributable to ths 

charactaristics Df ths prsssnt dischargs, Dury (1964a, 64b, 65) 

has dsmonstratBd thB importancs of much larger discharges during thB 

past in ths fashioning of these valleys. Many such valleys in Eur­

ope and North America are misfit and climatic conditions for ths on­

set of undsrfitnsss appsar to havB been widespread in the immsdiatB 

post-glapial period. Misfit valleys may be contrasted with those 

which have not undergone the same Quaternary history and which, 

therBfors, passsss diffsrent form and discharge characteristics. 

The general expansion and Evolution of a drainage network 

constitutes a further illustration of sequential development. Many 

of the dimensions of drainage basins increase allometrically (sse, 

for example, Schumm, 1956b; Hack and Goodlett, 1960; Leopold, Wol­

man and Miller, 1964, pp.131-150; Hack, 1965; L. Wilson, 1968). 

Slope form parametsrs,such as hsight, lEngth and maximum and msan 

anglas, may incrsass as part of thB general process of growth (Schumm, 

1956b; Fournaau, 1960-1961; C S . Carter and R.J. Charley, 1961). 

In conclusion, thBrsfore, it is often usBful to intBrprst soms 
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aspscts of slope form within an evolutionary context,rather than 

through a simple time-independant conceptual framework. 

2(d) Tne Slope as a System 

Recently a systems approach has been employed by several 

authors in order to interpret slope form (see, for example, Cul­

ling, 1960, 63; Ahnert, 1967; Jahn, 1968). In these studies, the 

emphasis is directed towards the ratio of materials supplied to 

materials removed from slope surfaces. Ahnert, for example, reas­

oned that the removal of materials exceeds supply on convex sur­

faces whereas the reverse occurs on concavitiBs and inputs and out­

puts are balanced on straight segments. Carson (1969a) suggBstsd, 

by contrast, that (i) outflow sxceeds inflow at all points on a 

slope which is retrsating parallel to itself, (ii) outflow equals 

inflow at the slope base but the outflow/inflow ratio increases 

upslope where the slope is declining in an r-.ngle and (iii) outflow 

equals inflow at all paints an ths slope except at the summit where 

slope rounding is accuring. 

It should be possible, logically, to dBvelop further the 

applicability of a systems viewpoint in the study of slopes. In 

the present study, emphasis is directed away prom the denudational 

balance towards the balancs between the opposing tendancies towards 

slope stEBpsning and slope angle reduction. 

Open systems maintain their activity through the continuous 

net imports of energy and materials from tht? surrounding environ-
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msnt. Slops systems which are open may be maintained by proces­

sss of slope steepsning such as fluvial undercutting. Thess pro-

cesses offset the tendancy of slope processes to produce lower 

slope anglss and, in turn, more gradual slope procssses. Where 

the opposed tendancies are balanced, slope gradient becomBS ths 

morphological manifestation of a steady state. 

As systems becoma more stable, they approach maximum 

entropy and experience a decline in their rates of adjustment. 

Such systems are partially closed and incur net losses of ensrgy 

and materials. The slope system cannot be complstely closed 

because of the complex nature of its exchanges with its external 

environmsnt (Fig. 2.1, p.40). NevBrtheless, in situations whsrs 

procBssss of slops staspsning ars insignificant, a dsclinB in ths 

rats of activity within the system may be predicted. 

These principles constitute the framework for considera­

tion of the presant attributss of slopss within thB Ottawa arsa. 

This approach permits the simultaneous considBration of form and 

its controls, those factors which were reviewed in section 2(c). 
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SLOPE AND VALLEY FORM IN THE OTTAWA AREA 
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3(a) Field Observations of Slope Form 

Slope form was investigatsd by maans of the msasurBmsnt 

and analysis of two-dimEnsional slops profiles. Slope profiles 

have frequsntly bssn smploysd in slops studies, for example, by 

M.J. Clark (1965) and A.F. Pitty (1969), because of the absence of 

suitable techniques for the simultansous analysis of all thrss 

dimensions, including the lateral Extant, of thB slope. 

SBVBral profiles were msasursd in Each of the eight selec­

ted valleys, 103 profiles in total. This sample size was considerBd 

to ba practicable, given the time available and the methods of 

observation. Furthermors, J. Tricart and J. Muslin (1951) sug­

gested that 100 slope profiles is an adsquate sample size for thB 

analysis of farm in any ons region. It is not possible, of course, 

to gener.alize on the question of a sufficient sample size for slope 

profiles since Each dsrived parameter possesses a different co- -

efficient of variation. In the present study, for example, the employ­

ed sample yieldsd fairly precise mean values far the distributions 

of maximum and mean anglBS. Using the procedure which was outlined 

by F.C. Mills (1965, pp.671-676), it was calculated that, for each 

of these distributions, there was a six percent chance of failure 

to locate the sample mean within ^1.96 standard deviations of the 

true msan (i.s. within 95 percent confidence limits). For other 

paramBtErs with graatsr coBfficisnts of variation, the risk of 

such a failurs was grsatsr. 

A sampling dssign was Established which was intended to 

reduce to a minimum the bias involved in the location of the sites 
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for slope profile measursment. A number of problems, however, 

were EncountErsd. For example, slope plans may exhibit pronouncsd 

variations, as observBd by Pitty (1966). Thsy may be spurs, hol­

lows or side slopes (Fig. 3.1, p.60) and Pitty contsnds that only 

sidB slopas ars amenable to slope profile analysis. His argument 

is as follows. Profiles should be measured along the lines of steep­

est' slope (ths orthogonal lines), which are perpendicular to the 

contours, becausB ths maximum effect of the force of gravity, which 

generates mass movements, is assumed to be directed down the steep­

est available gradient. Such directions are straight and parallsl 

in sids slopas (Fig. 3.1A) but divsrgs on spurs (Fig. 3.1B) and con-

vsrgB in hollows (Fig. 3.1C). The processes of distribution of 

materials Dver the slope, thersforB, may be expected to be mors com-

plex on spurs and in hollows than on side slopes. Pitty proposes 

that, in order to avoid the presence of unlikes within a supposedly 

homogeneous population, slopes with orthogonal dsviations of greatar 

than fivB dBgrses should be excluded from consideration. 

Slopes in ths Ottawa area, however, frequsntly POSSESS 

spurs and hollows. Such forms are either absent or of limited de­

velopment in valleys A2 (Plate X, p.61), A3 (Plate IV, p.29), 

C2 (Plate XI, p.61) and C4. Many other valleys possess swesping 

vallay mBandsrs and ths vallBy-sidB slopss are characterized by a 

succession of pronounced spurs and hallows which may be intsrspaced 

with sids slopes. ThesB are present in valleys A1 (Plate Xn, p.62), 

B1, C1 and C3 (Plate IX, p.36), for example. During field mea-

sursmBnt, thsrefore, an arbitrary maximum orthogonal deviation of 

forty degress was permitted. 
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Plate X. A detail of the north-facing slope in valley 
A2; terracettes and incipient spur and hollow 
development are visible; the upper surface is 
the marine surface (grid raf. 459153), 

Plate XI. Terracetting on the east-facing slope in 
yalley C2; the terracettes are continuous 
down-valley but are especially prominent on 
spurs (grid ref. 46938D. 
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Plate XII. Spur Slope in valley A1; the feat 
in the process of stabilization folic 
undercutting during a previous flood 
son (grid ref. 472148). 
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Profiling was begun in most valleys (A2, A3, C1, C2, C3 

and C4) as near to ths vallsy mouth as possibls. As an arbitrary 

ruls, Each subsEqusnt cross-profils was located upvalley of the 

prBcaading cross-profile by a distance which was two-thirds of the 

length of the longest of ths two slops profilss which had comprissd 

the previous cross-profile. ThB ruling worksd wall in thosB val-

lsys whsrs spur and hollow dEvelopment is limited. In such val­

leys, orthogonal dsviations wars usually cansidErably IBSS than forty 

dsgrees. In valleys A1 and B1, however, it was almost impossible to 

locate orthogonal lines which dsviatsd by IBSS than forty dsgrees ex­

cept on the crests of ths spurs (lins AB in Figura 3.1B) or in the 

troughs of the hollows (line CD in Figure 3.1C). The restricted 

number of suitable locations for sampling in thsse two vallays de­

tracts to an unknown degree from the otherwise systematic sampling 

procedure. The sitss for profiling arE located in Figure 3.2 (p.64). 

Whers profilss ware selected for study, their lower end-

points were located eithsr at thB bank of ths basal strsam, where 

present, or in the middle of the seasonally-dry channel. Ths loca­

tion of ths upper endpoint was more arbitrary. Many of the slopes 

in the Ottawa area grads upwards into gsntly-inclinBd river ter­

races with slope angles of two dsgrBes ar less. Far this study, 

therefore, it was convenient to assums that ths lowsr limit of opsr-

ation of slops procBssss is 2.5 dsgrees, although this limit has been 

variously stated as 5 degrees for creep (W. Penck, citsd in Lsopold, 

Wolman and Millar, 1964, p.349), 2 - 5 dsgrees for solifluction 

(Jahn, 1960), 2 - 3 degrsss for solifluction (Leopold, Wolman and 
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Miller, 1964, p.346), 2 - 3 degrees for mass movements in general 

(Jahn, 1954 - cited in Dylik, 1968, p.10), 1.5 degrBBS for wash and 

CTBBP (Strahlsr, 1950), 1 degree for seepage moisture (B.T. Bunting, 

1961) and 1 degree for block movements (CR. Twidale, 1967). The 

upper slope zone was terminated either where a value of zero degrses 

was recorded or after angular measurements of less than 2.5 dsgrees 

had been recorded over 100 feet of terrain. 

For the purpose of measuring angular variations along the 

sampls profiles, the use of an abney level and a pair of range poles 

was considered to combine precision with rapidity in field obser­

vation. Figures are accurate to within io.5 degrees. Theodilite 

survsys would havs bEBn unjustifiably time-consuming and the pan-

tomBtBr (Pitty, 1968) was considsrBd to bB inadaptable to ths mea-

surBmant of slops segments of greater than five feet in length. 

Slope angles were measured at twenty-five feat intervals 

along the profile. This standard measuring span was considsred to 

be desirable although irregular measured lengths have been employed 

by some researchers (Carson and Petley, 1970). In other work 

(R.A.G. Savigear, 1952), the boundaries between measured segments 

wers subjectively located on "breaks of slope". The standardized 

length allows each angular measurement to carry equal statistical 

weight as an individual in a population. Furthermore, the inher-

ant angular variation of each profile may be considered to have 

bean systsmatically samplsd. The twenty-five feet measuring inter­

vals worked wall with long slope profiles but tended to overgeneral-

ize short profiles such as those which characterize valleys B1 and 



66 

C2.k Breaks of slope may be displacsd and angular differencss (an­

gular discontinuities) between measured lengths may become ex­

aggerated on short slopes. 

The slope profiles have been graphically reconstructsd 

without vertical exaggeration and are presentsd in Figurss 3.3 to 

3.10 (pp.67 to 74). 

3(b) Classification of Slops Form 

(i) Msthod 

The form of the measursd slops profilss was classified 

into convex, concave and rectilinear segments, Employing a msthod 

which has bsen adapted from the suggestions of other authors. In 

many studies of slope form, as in the pressnt study, tha basic data 

consist of sequsncBS of msasured length inclinations along two-

dimensional profiles. The idsntification of curvsd and straight 

segments, thersfore, has usually depended upon the patterns of these 

sequsncBS. For sxample, French (1967) rscognized rsctilinsar ssg-

msnts on slopas where at least thrss consecutive measured inclina­

tions were present which varied in angle within one degrea of each 

other. Fourneau (1960-1961) identifisd both straight and curved 

segments where consistent trends could be observed through three 

consecutive measured lengths of the profile. Lambert (1960-1961), 

however, insisted that five consecutive measured lengths were re­

quired for the recognition of each typs of slops segment. Other 
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types of sequence were considered to be complex. 

Savigear (1965, 67) collected similar field data but em­

ployed a different principle of subdivision. HB assumed that differ­

ent segments adjoin at breaks of slope and inflections which con­

stitute readily recognizable discontinuities in the field. He dis­

tinguished true breaks of slope from apparent breaks of slope which 

are present only in the graphically-reconstructed profiles. These 

latter may occur where the measured length spans are SD long that 

they misrepresent the true form. Although the text is far from 

clear, it appears that a visual appraisal is considered to be ad­

equate for the identification of boundaries between slope segments. 

Field measurements are employed by Savigear to confirm and 

supplement the field observations. In each profile, the difference 

in angle between each pair of measured lengths is calculated. This 

value, the angular difference, is termed an angular discontinuity 

if greater than zero degrees. In convexities, such values are pos­

itive and, in concavities, negative. A criticism of this approach 

to classification is that it appears to employ angular discontinui­

ties as both integral parts of curved segments, and as breaks of 

slope between different types of segments, without any precise reg­

ulations which render these usages mutually exclusive. Further­

more, the method of defining a break of slope requires clarification. 

Young (1963a) suggested a complex nomenclature for slope 

form classification based upon the location of individual segments 

in relation to the overall profile. For example, the segment at the 

slope summit may be termed "crestal". "Sequences" of slope segments 
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are also recognized and constitute any convexo-concave series. 

These ideas have influenced the present classification. Young, 

however, is not concerned with the practical questions of segment 

delimitation, eithBr in his explanatory paper (1963a) or in a later 

article ( 196*0. 

The present classification is designed for use upon basic 

data which consist of constant measured lengths of known inclina­

tion. The recognition of breaks of slope is not required, and the 

criteria for segment delimitation are such that each segment type 

is mutually exclusive. 

The basis of segment differentiation is the pattern of the 

angular discontinuities. Convex (+) and concave (-) segments are 

sequences of discontinuities of the same sign. These segments are 

recognized when at least one angular discontinuity of i1 degree or 

more is present. A straight segment is identified when at least 

one angular difference of zero degrees or ±0.5 degrees is present. 

The latitude of tQ.5 degrees is intended to accomodate the possi­

bility of slight measuring error. Any sequence of angular differ­

ences of zero degrees or ±0.5 degrees, therefore, constitutes a 

straight segment. 

In all cases, the slope segment boundaries occur at the 

midpoints of the measured lengths between different angular discon­

tinuity patterns. Since the measured spans are twenty-five feet in 

length, the shortest slope segment which may be delimited by the 

classification is also twenty-five feet in length. Figure 3.11 

(p.77) illustrates an actual example of the classification. 



ANGULAR DISCONTINUITIES 
(in degrees) 

(Y1EASURE 
(in degrees) 

CONVEX SLOPE SEGMENT RECTILINEAR SLOPE SEGMENT 

CONCAVE SLOPE SEGMENT 0 N E HUNDRED FEET 
I . I . I 

FIG. 3.11. AN EXAMPLE OF THE OPERATION OF THE SLOPE FORM CLASSIFICATION 
-J 



78 

A segment sequence is recognized where an upper convex 

and lower concave unit are present, whether in an uninterrupted 

form (CxCc) or partially interspersed with rectilinear segments (as, 

for example, in the sequence CxRCxRCc). Half sequences are also 

identified which contain only a convex unit. The segment sequence 

was first defined by Young (1963, 6k). He argues that the evolu­

tionary trends of different convexo-concave sequences on a slope are, 

in some degree, independant. 

(ii) Slope Form in the Field Areas 

As a preliminary step in the analysis of the slope form 

data, three types of slope zone were recognized in order to facil­

itate the comparison of slope profiles. The three zones, which are 

termed the upper, intermediate and lower slope zones, originate from 

differing combinations of processes. It proved undesirable, there­

fore, to compare entire slope profiles at every stage of the analysis. 

The upper slope zone merges imperceptibly into terrace sur­

faces which are related to ancestral stages of the Ottawa River. 

There are no obvious sites within this transitional zone at which to 

locate the upper endpoint of the slope profile. Where present, the 

zone constitutes a surface which is inclined at less than 2.5 degrees 

(see section 3(a), p.63). A lower slope zone, also of low gradient 

frequently occurs. It usually constitutes a toe slope, a part of 

the floodplain terrace of the basal stream. The upper boundary of 

this zone is sited at the base of the concavity which rises up into 

the intermediate zone. The latter occurs on each profile. It contains 

the maximum angle nf slope and may perhaps be regarded as the slope 
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sensu stricto (Dylik, 1968) because it experiences perceptible slope 

processes which the upper and lower zones do not. Furthermore, it 

is beyond the reach of direct fluvial processes although it may dis­

play evidence of indirect fluvial influences such as lateral erosion. 

These different slope zones occur in various combinations 

in different study valleys. In valley A1 (Fig. 3.3, p.67), which 

is incised into an extensive terrace, the upper slope zones are 

found on all profiles. The presence of a lower floodplain zone 

depends upon the position of the meandering channel. Toe slopes 

intervene between the channel and the intermediate zones on the in-

sides of meander bends. The outer banks of these bends may abut 

directly against the intermediate zone (Plate XIII, p.80). A sim­

ilar pattern emerges in valley B1 (Fig. 3.6, p.70; Plate VI, p.32), 

although occasionally the upper zone is short or absent because 

gradients of zero degrees are encountered close to the slope sum­

mit. The three zones occur on many slopes in valley A3 (Fig. 3.5, 

p.69; Plate IV, p.29) although the lower zone is narrow and less 

obvious in the graphically-reconstructed profiles. Valley A2 

(Fig. 3.*», p.68; Plate X, p.61) contains slopes without any lower 

floodplain zone but with well-developed upper and intermediate 

zones. In the valleys at Gatineau (Figs. 3.7 to 3.10, pp.71-7*+), 

the intermediate zones dominate the profiles. Floodplains are ab­

sent here and extensive gently-inclined surfaces do not occur ad­

jacent to the slope cre3t (see, for example, Plate XIV, p.80). 

The variable form of the intermediate zone contrasts with 

the relative uniformity of the upper and lower slope zones. The 



Plate XIII. An undercut scar in valley A1, imme­
diately following the Flood season (grid 
ref. *»751<»5). 

Plate XIV. A view of the narrow divides on eith 
side of valley C3; a prominent facet is 
ent below tha slope summit on the farth 
slope; in the background is the 190-foo 
face (grid ref. ̂ 72383). 
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intermediate zone has been isolated, therefore, from the rest of 

the profile for much of the ensuing discussion since it was dis­

covered, during preliminary analysis, that differences within it 

tended to be confused or masked when the profiles were considered 

in their entirety. 

Using the classification of slope form which is outlined 

in section 3(b)i, the segment structure of each profile has been 

platted beneath it in Figures 3.3 to 3.10 (pp.67 to 7k). The upper 

slope zones exhibit very minor fluctuations of gradient which may 

be associated with complex sequences of segments. The lower slope 

zone is usually of simpler form, consisting of a long gentle con­

vexity which terminates at the margin of the fluvial channel. 

The forms of the intermediate zones are classified in 

Table 3.1 (p.82). Seven major groups of segment sequences are iden­

tified which may be subdivided into twenty individual patterns. The 

simplest patterns, which comprise one complete or partial segment se­

quence only, are mast commonly observed and constituted ninety per­

cent of the observed profiles. Sixty-seven percent of the profiles 

possess a simple convexo-concave sequence. This type dominates at 

Gloucester Glen in all three valleys but especially in valley A2 (Fig. 

3.k, p.68) and valley A3 (Fig. 3.5, p.69; Plate IV, p.29). It is also 

common at Trend Village (Fig. 3.6, p.70; Plate VI, p.32). At Gatin­

eau, convexo-concave slopes are infrequent except in valley C2 (Fig. 

3.8, p.72). Thirteen percent of the slopes are totally convex and 

comprise partial segment sequences. Such slopes occur occasionally 

in all of the study areas, but are most frequent in valley A1 

(Plate XIII, p.80). 



TABLE 3.1. THE PATTERNS OF SLOPE SEGMENT SEQUENCES ON THE INTERMEDIATE ZONES OF SLOPE PROFILES 

GROUP 

1 

2 

3 

k 

5 

6 

7 

NUMBER OF 
SEQUENCES 

% 

1 

^y^ 

2 

ZYt 
"2 

yk 

TYPE 

1A 
1B 
1C 

2A 
2B 
2C 
2D 
2E 
2F 

3A 
3B 
3C 
3D 

k(\ 
kB 
kC 

5A 

6A 

7A 
7B 

DESCRIPTION 
(DOWN SLOPE->)* 

Cx 
RCx 
CxR 

CxCc 
CxRCxCc 
CxRCxRCxCc 
CxRCc 
CxCcRCc 
CxCcR 

CxCcCx 
RCxCcCx 
CxRCcRCx 
CxCcRCcCx 

CxRCcCxCc 
CxRCxCcRCxCc 
CxCcCxRCc 

CxCcCxCcCx 

CxCcCxRCcRCxCc 

CxCcRCxRCcRCcRCxRCcCx 
CxCcCxCcCxCcRCx 

A1 A2 A3 B1 C1 C2 C3 Ck 

6 - 2 2 - - 2 1 
_ _ _ _ _ _ 1 _ 

17 16 16 10 1 7 - 2 
_ _ _ _ _ _ _ 1 

_ _ _ _ _ _ 1 -
1 _ _ _ _ _ _ 1 

_ _ _ _ _ _ 1 _ 
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_ _ _ _ _ _ 1 -
_ _ _ _ _ _ 1 
_ _ _ _ _ _ _ 1 

2 - 1 -

_ _ _ _ 1 

_ _ _ _ _ _ 1 
2k 16 18 13 6 8 12 6 

ALL 
VALLEYS 
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69 
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*Cx - convex; Cc = concave; R = rectilinear 
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No other segment sequence was found to recur with regu­

larity. Of the twenty different sequences, the CxCc and Cx types 

constitute eighty-one percent. The remaining patterns (with the 

exception of the CxRCc and CxCcR varieties) are confined to the Gat­

ineau area. They often contain more than one segment sequence and 

are so complex that they rarely occur more than once. Group 7 con­

tains yk. segment sequences, and Group 6, 3. The repetition of se­

quences is indicative of some degree of faceting in mid-slope and, 

although several sequences may be present, one faceted level is usu­

ally particularly prominent (Plate IX, p.36; Plate XIV, p.80). In 

valley C1 (Fig. 3.7, p.71), for example, pronounced flattening oc­

curs at the base of the highest sequence on profiles 1A and 2A, 

although other sequences are present. In profile 1B, the most 

well-developed levelling is at the base of the middle of three se­

quences. Occasionally, two major facets may be present, for ex­

ample, in profile 2A of valley C3 (Fig. 3.9, p.73). The complex­

ity of slope form in the Gatineau area is a remarkable contrast to 

the simple patterns which occur at both Gloucester Glen and Trend 

Village. The origin of the facets at Gatineau is doubtful but could 

be related to either slope processes or fluvial terracing.__ 

Significant variations may be detected in the relative 

dimensions of different types of slope segment on individual slope 

profiles. For the purposes of demonstrating these variations, both 

the height and length of an individual segment may be expressed as 

a percentage of the total height and length respectively of the 

slope-. Percentage form composition data are presented here for the 
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intermediate slope zones. A general impression of the relative 

proportions of different slope segments in each area may be obtained 

from Figure 3.12 (p.85). Convex segments, on average, constitute 

more than half of thB total lengths and heights of profiles, their 

contributions to these dimensions varying between 52 and 62 percent. 

The concave proportion is lower and varies from 30 percent of slope 

length at Gatineau to k5 percent of slope height at Gloucester Glen. 

The rectilinear component of the slope is negligable except at Gat­

ineau where its average contribution to slope length is 10 percent. 

The percentage form structures for individual slope pro­

files are plotted on trivariate graphs in Figure 3.13 (p.86). In 

Figure 3.13A, the concentration of slopes at the base of the graph 

is indicative of the almost complete lack of rectilinear segments 

on all slopes at Gloucester Glen and Trend Village. There is some 

evidence of rectilinear development on 15 of the 32 slopes at Gat­

ineau. On most slopes more than 50 percent of slope length is con­

vex. A similar pattern is revealed in Figure 3.13B, although con­

cave development exceeds convex development on greater than 50 

percent of the profiles. It is probable that there are a few short 

rectilinear segments which have not been detected by using the 

twenty-five feet measured length, but there is no doubt that most 

sloping surfaces are curved rather than rectilinear in the field 

areas. 

The rates of curvature of the convex and concave slope 

segments of the intermediate zone were calculated with the aid of 

the following formula from Young (1963a, 6^):-
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A - B x 100 

L 

Where A = the angle of the highest measured length 

B = the angle of the lowest measured length 

L = the ground length in feet 

The units of measurBmsnt of the rates of curvature are degrees per 

100 feet. Multiplication by 100 is performed in order to transform 

the observed rates of curvature (for segments of varying length) to 

rates for a unit ground length of 100 feet. Rates as expressed are 

then directly comparable. 

The frequency distributions of rates of curvature far all 

profiles are reproduced in Figure 3.1** (p.88). It may be seen that 

very few convex segmsnts possess rates of curvature which exceed 

**8 degrees per 100 feet (Fig. 3.1**A). Rates of convexity assume 

their greatest magnitudes at Trend Village where the mean rate of 

curvature is 52.31 degrees per 100 feet, and their least values at 

Gatineau where the mean is 18.51 degrees (Table 3.2A, p.89). The 

distribution is not highly peaked and the great inherant variation 

is indicated by values of the coefficient of variation. A similar 

pattern emerges with respect to concavities (Fig. 3.T+B, Table 3.2B). 

Measures of central tendancy exhibit considerable contrasts and 

rates at Trend Village far exceed those elsewhere. The rates of 

curvature in the upper and lower slope zones are rather low and 

rarely exceed k degrees per 100 feet. 

In summary, it has been demonstrated that, at Gloucester 

Glen and Trend Village, the intermediate zones of most slopes are 

convexo-concave whereas, at Gatineau, they are often much more 
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TABLE 3.2. CHARACTERISTICS OF RATES OF CURVATURE OF CURVED SEG­

MENTS ON THE INTERMEDIATE SLOPE ZONES 

A. CONVEXITIES* 

TOTAL 
POPULATION 

GLOUCESTER 
GLEN (A) 

TREND 
VILLAGE (B) 

GATINEAU (C) 

N 

129 

59 

13 

57 

X 

30.79 

37.92 

52.31 

18.51 

Mo 

20.00 

32.00 

44.00 

20.00 

SO 

21.1*5 

18.50 

33.82 

10.83 

CV% 

69 

48 

6k 

58 

•Values in degrees per 100 feet for x, Mo, SD. 

B. CONCAVITIES* 

TOTAL 
POPULATION 

GLOUCESTER 
GLEN (A) 

TREND 
VILLAGE (B) 

GATINEAU (C) 

N 

0̂5 

52 

11 

k2 

X 

29.78 

37.67 

51.82 

14.23 

Mo 

20.00 

20.00 

52.00 

4.00 

SD 

22.34 

20.77 

26.97 

8.76 

CV% 

75 

55 

52 

61 

•Values in degrees per 100 feet for x, Mo, SD. 
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complex. On individual profiles, the character of the convex and 

concave segments may be rather contrasted and either segment type 

may dominate. Rectilinear segments are almost completely lacking 

on slopes except in the Gatineau area. The rates of curvature of 

convex and concave segments tend to be greatest at Trend Village and 

least at Gatineau. 

3(c) Maximum and Mean Angles of Slope 

The maximum angle of slope is the steepest measured 

length inclination on a given profile. It has been considered to 

be a sensitive index of fluctuations in local conditions and it 

apparently assumes a normal (i.e. Gaussian) distribution of low 

variability where environmental conditions are fairly uniform 

(Strahler, 1950). Descriptive statistics for this parameter in the 

Ottawa area assume the following values:-

AREA N x Mo SD CV% 
TOTAL 103 22.65 21.93 6.71 30 
A 58 23.91 22.60 5.24 22 
B 13 29.77 28.60 5.01 17 
C 32 17.78 19.97 6.07 34 

(values in degrees for x, Mo, SD). 

The highest mean value occurs at Trend Village and the lowest at 

Gatineau. Variability within the data is low when compared to that 

within populations of other parameters of slope form, values of the 

coefficient of variation not exceeding thirty-four percent. This 

fact illustrates the tendancy for maximum angles to cluster around 

mean values. Frequency histograms of these distributions (Fig. 3.15, 



91 

p.92) suggest that they may be approximately normal except at Gat-
v 

ineau. The graphs also demonstrate differences from place to place 

in the range of mean angle values. A test of difference, the 

Mann/Whitney 'U' test, was performed between each pair of areas in 

order to investigate these variations. A null hypothesis stated 

that, for each pair of areas,there are no differences in their max­

imum angles except for chance variations. The data were ranked and 

a one-tailed region of rejection was employed since the direction of 

difference under the alternative hypothesis was predicted from the 

mean values. The results were as follows:-

AREAS IN HYPOTHESIS 
TEST z p* ACCEPTED 
A/B -3.38 0.001 Hi 
A/C 4.50 0.001 Hi 
B/C -5.07 0.001 Hi 

*s=0.Q5 

The alternative hypothesis was accepted in each test, confirm­

ing the existence of significant differences in maximum angles 

among the three study areas. These differences presumably reflect 

differences in the relative efficacies of agents which increase or 

decrease slope gradients. 

The location of the maximum angle on a slope was calcula­

ted as the position of the maximum angle upslope from the bottom 

endpoint, expressed as a percentage of total slope length. All 

slope zones were included in the calculation of total slope length, 

because it was felt that the activity of the basal stream would con­

siderably influence this parameter (see section 2(c)iii, p. 51). It 

was desirable, therefore, that the parameter reflect the distance of 

the maximum angle from the basal channel. Values of zero percent 
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indicate that the maximum angle is adjacent to the fluvial channel. 

The mean value of this parameter for the region was 27.43 percent 

and varied from 26.30 percent at Gatineau to 32.21 percent at Trend 

Village. The distribution of this parameter is positively skewed 

(Fig. 3.16, p.94) and it appears that, in all areas, maximum angles 

tend to occur near the slope base. A Mann/Ldhitney 'U' test was 

unable to detect any significant differences among the study preas 

in the location of maximum angles on slope profiles. This finding 

is surprising in view of the significant differences in maximum 

angles among the study areas and suggests a lack of sensitivity of 

this index tD contemporary local fluvial discharge regimes. 

The mean angle of slope is the average inclination of the 

slope profile and is derived from slope height and slope length 

data. It has been calculated here as the average inclination of 

all three slope zones so that it reflects the morphometry of the 

valley rather than local conditions within the intermediate zone 

solely. This parameter of slope form is believed to be more stable 

and less sensitive to change than the maximum angle of slope. This 

is demonstrated by the following descriptive statistics:-

AREA N x Mo SD CV% 

TOTAL 103 9.01 7.86 2.81 31 
A 58 8.48 7.42 2.36 28 
B 13 10.78 -* 3.61 34 
C 32 9.45 10.55 2.94 31 

(values in degrees for x, Mo, SD; * bimodal). 

Mean values are similar, dispersion is low and values of the 

coefficient of variation are little greater than those for maximum 

angles. The distribution of mean angles far the total area 
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(Fig. 3.17, p.94) approaches a normal one but is slightly nega-

tively skewed. Few mean angles of slope exceed sixteen degrees. 

The relationships of both maximum and mean slope angles to 

the dimensions of the slope were graphed. Data from the Gatineau 

area were plotted separately from those of the other study areas 

because of the differences in slope form which have already been 

noted between these areas. 

The plots of maximum angle against both slope height and 

slope length (Fig. 3.18, p.96) reveal no systematic patterns in any 

areas since maximum angles are influenced more by local conditions 

than by regional morphometric dimensions. At both Gloucester Glen 

and Trend Village, however, where slope height is relatively invar­

iant, the mean angle exhibits a strong negative relationship with 

slope length (Fig. 3.19, p.96). Any factors which influence slope 

length, such as the migration of the basal stream channel or the 

width of local watBr divides, chiefly determine, therefore, vari­

ations in mean angle. No close relationships are evident between 

mean angle and either height or length at Gatineau. In this area, 

slope height is very variable and factors which control this para­

meter, such as fluvial downcutting or divide wasting, must also be 

considered in order to explain variations in mean angle. 

3(d) Characteristic Angles 

It has often been asserted that slope angles characteris­

tically recur within particular landscapes. "Characteristic angles 
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of slope are thoss which most frequently occur, either on all slopes, 

under particular conditions of rock type or climate, or in a local 

region." (Young, 1961, p.126). Carson and Petley (1970) sug­

gest that recurring angles may reflect thresholds for the operation 

of particular processes and that thess are controlled by the strength 

characteristics of the soil. Macar (1963) and G. Seret (1963) 

have emphasized the need to seek explanations for them within their 

area of origin and Clark (1965) has criticized certain authors who 

have attempted to ascribe world-wide significance to characteristic 

angles which havB beBn derivsd from local situations. 

In an attsmpt to rscognizs characteristic angles in the 

Ottawa area, attention was focused upon the measured length inclin­

ations. Ths ssarch for charactsristic angles mat with limitBd suc­

cess only. An important problem was that no standard procedurss 

are available for selecting them from a population. One cannot, 

for example, select only values for which the highest frequencies 

are recorded because, where distributions are strongly positively 

skewed, as in the present case, no values could be selected in the 

higher range. Equally, one cannot select all modal values since 

these modes may possess frequencies only slightly in excess of 

neighbouring classes and may be due solely ta chance. Some modal 

values, furthermore, may contain lower frequencies than other val­

ues which do not form modes in the distribution. 

Tests WBTB performed in order to determine whether or not 

characteristic angles could be validly identified in the Ottawa area. 

The populations of measured length inclinations were organized into 
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histograms with a class interval of one degree. Each modal class 

was selected for testing (see Table 3.3A, p.99). Each mode was 

considered in turn and became part of a small histogram with five 

classss, ths others being the two on either side of it in the major 

distributions. For each set of five classes, a null hypothesis stated 

that no differences occur in the frequencies in each class except 

for those which may be attributed to chance. A Chi Square test was 

then pBrformed during which the observed frequencies were compared 

with the average frequencies among the five classes. UJherB the value 

of Chi Square was found to be significant at the five percent level, 

the modal class in the histogram was considered to constitute a 

characteristic angle* 

The results have bean summarized in Table 3.3B. Low angles 

only occur in significantly high quantities. Values between zero 

and 2.5 degrees constitute 42 percent of all measurad lBngth inclin­

ations, including 53 percent of those at Gloucester Glen, 50 percent 

of those at Trend Village and 23 percent of those at Gatineau. The 

percentages are especially high at Gloucester Glen and Trend Vil­

lage where the upper and lower slope zones are well-developed. Both 

2 degrees and 5 degrees are characteristic of the entire region, 

2 degress at Gloucester Glen, 1 degree at Trend Village and zero 

dsgrsss at Gatineau. The 5-degrBe class is prominent at Gatineau 

but was not found to be significantly larger than neighbouring 

classes. Since low-angle surfaces (below 2.5 degrees) may not even 

experience slope processes, the only legitimate characteristic angle 

is probably 5 degress. 



TABLE 3.3. CHARACTERISTIC ANGLES AMONG THE MEASURED LENGTH INCLINATIONS. 

A. MODES IN DISTRIBUTIDNSX OF MEASURED LENGTH INCLINATIONS* 

T 

A 

8 

C 0 

1 

2 

2 

5 

5 

7 

7 

6 

9 

9 

11 

12 

12 

12 

14 

14 

17 

17 

17 

17 

19 

19 

22 

23 

23 

23 

26 28 

28 

28 30 

36 

( K = 1 degree; values in degrees) 

B. CHI SQUARE VALUES UHICH TEST THE SIGNIFICANCE OF THE MODES 

T 

A 

B 

C 24.20* 

23.88* 

83.68* 

104.42* 

10.50* 

8.73 

6.23 

3.00 
7 

1.00 

3.90 

7 

3.74 

4.55 

3.82 

3.57 

5.80 

0.82 

1.13 
7 

0.50 

6.89 

1.75 

7 

3.75 

1.71 
7 

4.43 7.00 
7 

? 7 

? 

(DF = 4; * p<0.05; ? - frequencies <5, too low for Chi Square test). 
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3(e) Valley Morphometry 

(i) Channel Gradient 

The relationship between channel gradient and slope form 

was reviewed in section 2(c)iii,p.52. The literature suggested that 

a relationship exists between slope angles and channel gradients 

which reflBcts the amount of debris to be transported. In the pres­

ent study, the longitudinal profiles of all of the study valleys 

excspt valley C4 were measursd with the aid of an automatic level. 

The diagrammatic reconstructions of these profiles (Fig. 3.20, in 

pocket) demonstrate that the steepest gradients are found at Gatin­

eau where the average gradients are 4°20» for valley C1, 2°30' for 

valley C2 and 4°10' for valley C3. Much lower gradients occur in 

the other field areas. Valley A2 possesses an average gradient of 

0°50' and channel gradients in other valleys do not exceed 0°30». 

From Figure 3.20, it is obvious that a major scale varia­

tion exists among the study valleys. The length of the surveyed 

stretch of valley A1 is approximately 13,500 feet whilst none of the 

valleys at Gatineau exceed 2,500 feet in length. The length of 

valley B1 is greater than the figure suggests since only its upper 

reaches were levslled. 

The data from these observations also suggest that an in-

VBTSB relationship sxists between slope gradients and valley grad­

ients among the study valleys. This may be simplistically demon-

stratsd by calculating an averagB slope ratio for each study valley 

which is a modification of that which was proposed by Strahler (1950). 
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The avarage slope ratio (average channel gradient/averags value of 

measurad maximum slope angles) appears to decrease as valleys be­

come larger. It assumes its lowest valuss in thB valleys of great-

sst lsngth (A1 = 0.0066; B1 = 0.0110). In valleys A2 and A3, which 

are of intermsdiate length, the ratio values are 0.0339 and 0.0223 

respectivBly. ThB highest ratio values occur in the short valleys 

at Gatineau (C1 = 0.3006; C2 = 0.1208; C3 = 0.2192). The ratio 

serves to demonstrate, therefore, the presence of fundamental con­

trasts in valley form. 

(ii) Downvalley Variations in Slops Form 

The position of a slopB within a vallBy may exert a con­

trol upcn slope form. Carter and Charley (1961), for example, have 

revsaled correlations betwesn maximum and mean angles of slope 

and stream order. Similar relationships were sought in the pres­

ent study by tabulating the relationships between a series of 

slope form parameters and valley location (Table 3.4, pp.102 and 

103). The values for slope form parameters which are entered into 

this table are averages for the two slopes which comprise the cross 

profile at any one location within a valley. 

Slope height demonstrates a definite downstream increase 

in valleys A1 and A2, but height is relatively constant in valleys 

B1 and C2 and appears to decline downstream in valleys C1 and C3 

whers ths vallBy channels and intervening divides merge into a 

single flat surface at approximately 200 feet. 

Thers do not appear to be any distinct trsnds in the vari­

ations of slope length within the valleys except perhaps for a 
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TABLE 3.1.. DOWNVALLEY VARIATIONS IN SOME SLOPE FORM PARAMETERS.' 

VALLEY 

A1 

A2 

A3 

CROSS-
PROFILE 

1 

2 

3 

h 

5 

6 

7 

8 
9 

10 

11 

12 

1 

2 

3 

U 

5 

6 

7 

8 

1 

2 

3 

i» 

5 

6 

DISTANCE 
FROM VALLEY 

MOUTH (FEET) 

1 0 , 8 5 0 

1 0 , 6 5 0 

1 0 , 5 0 0 

1 0 , 1 5 0 

9 , 8 2 0 

9 , 6 2 5 

9,1.00 

9 , 1 0 0 

8,1.00 

8 , 1 0 0 

7 , 6 5 0 

7,1.00 

1 ,133 

1 ,000 

825 

700 

566 

1.33 

300 

15D 

2 , 5 6 0 

2,1.10 

2,21.1. 

2, 111 

1 , 9 7 8 

1,81.5 

SLOPE 
HEIGHT 
(FEET) 

2 5 . 5 

2 6 . 0 

2l».Q 

2<*. 3 

2 8 . 0 

2 8 . 5 

2 7 . 0 

2 5 . 5 

3 0 . 3 

3 9 . 5 

3 8 . 0 

1.1.0 

2k. 0 

2U. 8 

2 1 . . 5 

2 3 . 0 

2 7 . 0 

2 9 . 3 

3 0 . 5 

2 9 . 5 

2 7 . 5 

3 0 . 0 

2 9 . 5 

2 8 . 0 

21..0 

2 6 . 0 

SLOPE 
LENGTH 

(FEET) 

2 0 8 . 5 

2 2 2 . 5 

1 8 3 . 0 

11.7.5 

2 2 1 . 5 

2 6 1 . 0 

2 2 2 . 0 

1 5 6 . 5 

2 1 3 . 5 

2 8 2 . 5 

2 7 3 . 5 

2 8 5 . 5 

1 8 9 . 0 

1 8 6 . 5 

1 7 3 . 0 

1 3 6 . 0 

191..5 

1 9 3 . 5 

1 8 2 . 0 

1 7 L 5 

2 2 2 . 5 

1 9 7 . 5 

2 0 9 . 5 

1 7 3 . 5 

1 6 1 . 0 

1 9 7 . 5 

MAXIMUM 
ANGLES 
(DEGREES) 

2 1 . 3 

2 0 . 8 

2 1 . 0 

2 1 . 5 

2 7 . 8 

2<». 3 

2 6 . 5 

3 1 . 3 

2 9 . 0 

2 8 . 5 

21..8 

2 3 . 5 

2 1 . 5 

2 3 . 3 

2U. 0 

21*. 8 

2 6 . 0 

2 6 . 5 

2 7 . 5 

2 3 . 3 

1 8 . 0 

2 3 . 8 

2 2 . 3 

2 8 . 5 

1 7 . 5 

1 9 . 8 

MEAN 
ANGLES 

(DEGREES) 

7 . 1 

6 . 9 

9 . 6 

9 . 5 

7 . 5 

6 . 2 

7 . 0 

1 2 . 0 

8 . 1 . 

9 . 0 

8 . 1 

8.2 

7 . 2 

7 . 5 

8 . 0 

1 0 . 3 

7 . 8 

8 . 5 

9 . 5 

1 0 . 3 

6 . 9 

8 . 7 

8 . 1 

9 . 3 

8 . 1 . 

7 . 5 

•Values are averages for the two slope profiles which comprise each cross-profile. 
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TABLE 3.1.. (CONT.).* 

VALLEY 

A3 
(cont.) 

B1 

C1 

C2 

C3 

C 

CROSS-
PROFILE 

7 

8 

9 

•1 

2 

3 

1. 

5 

6 

7 

1 

2 

3 

1 

2 

3 

l* 

1 

2 

3 

i. 

5 

6 

1 

2 

3 

DISTANCE 
FRuM VALLEY 

MOUTH (FEET) 

1,670 

1,520 

1,320 

21,630 

21,550 

21,1.25 

21.320 

21,11.0 

21,050 

21,000 

580 

230 

0 

398 

280 

150 

0 

898 

632 

1.82 

282 

132 

0 

214 

100 

0 

SLOPE 
HEIGHT 
(FEET) 

27.5 

32.0 

28.0 

25.0 

25.0 

25.5 

26.0 

21..8 

26.5 
+ 

51..0 

1.8.0 

13.5 

36.0 

32.5 

35.0 

36.0 

39.5 

52.0 

38.0 

1.6.0 

26.0 

1..0 

23.5 

22.0 

20.0 

SLOPE 
LENGTH 
(FEET) 

222.0 

199.5 

187.0 

11.5.0 

156.5 

157.0 

163.5 

121..5 

108.5 
+ 

295.0 

337.5 

213.0 

173.0 

160.0 

172.5 

173.D 

222.5 

312.5 

235.0 

273.0 

11.6.0 

88.0 

135.5 

135.0 

130.0 

MAXIMLM 
ANGLES 
(DEGREES) 

22.0 

20.5 

28.8 

29.3 

26.5 

35.0 

31.8 

31.0 

28.5 
+ 

17.5 

15.8 

1..5 

21.3 

22.3 

20.3 

19.0 

23.3 
19.8 

17.0 

18.0 

17.0 

3.5 

19.8 

15.8 

17.0 

MEAN 
ANGLES 
(DEGREES) 

6.8 

9.0 

10.5 

10.0 

10.1. 

9.3 

10.0 

13.1 

13.8 

10.3 

7.7 

3.5 

11.8 

11.3 

11.5 

11.8 

10.0 

9.5 

9.1 

9.5 

8.3 

2.1. 

9.8 

8.9 

9.2 

•Values are averages for the tuo slope profiles which comprise each cross-profile 

+Cross-profile 7 in valley B1 incomplete 
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fluctuating downstream decline in valley C3. A slight but distinct 

rise in maximum angle inclinations may be recognized in valleys A1 

and A2 in a downstream direction and in valleys C1 and C3 in an 

upstream direction. Msan angles decline downstream in valleys C1 

and C3, probably in association with the similar decline in slope 

height. They also exhibit a slight downstream increase in valleys 

B1 and A2f in the latter valley as a reflection of the correspond­

ing increase in slope height. One may conclude that, although some 

trends may be identified, other explanations, probably more locally 

based, are required to interpret variations in many slope form par­

ameters. 

(iii) Valley Cross-Profile Characteristics 

The forms of valley cross—profiles dspend upon the controls 

which fashion the two slope profiles which comprise them. In the 

present study, an attempt was made to quantify some aspects of 

cross-profile characteristics. Several parameters were derived. 

Those which are concerned with dimensions are treatsd separately 

from those which consider slope asymmetry. 

Dimensions 

Three indices of cross-profile dimensions were investi­

gated. They are based upon similar parameters which were developed 

by Heginbottom (1967) and are illustrated in Figure 3.21 (p.105).The 

cross-sectional area of the cross-profile is the area, in square feet, 

which is contained by the valley sides, the basal channel and a line 

which joins the upper endpoints of the two slope profiles. The 

centre depth of the cross-profile is the vertical distance, in feet, 
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between the csntra of thB basal channsl and a lins which connects 

the upper endpoints of thB two slops profilss. Ths shoulder width 

of the cross-profils is the distance, in feet, betweBn thB uppsr 

endpoints of the two slope profiles. 

Table 3.5 (p.107) records the maximum and minimum dimen­

sions of each of these parametsrs for each vallay. Ths vallays at 

Gatineau, which are shortest in length, tend to possess the great-

Bst cross-profils dimensions, particularly valleys C1 and C3. The 

cross-profiles of thess two vallBys ars larger with respsct to all 

three dimensions than those of the long valleys, A1 and B1. The 

range of values betwsen the maximum and minimum dimensions at Gat­

ineau is also greater than elsBwhBre and reflects the gradual trans­

ition from ridgs-and-vallBy topography on the tsrrace bluff to the 

flat terrain of the 190-foot surface. Valley B1 exhibits the least 

range of variation in cross-profile dimensions. 

It has been argued that various areal and linear dimen­

sions of drainage basins tend to increase allometrically during 

drainagB development (see section 2(c)iv, p.54). In order to test 

the applicability of this hypothesis to the study valleys, seven 

variablss of slope and valley form were compared to Bach othsr with­

in a simpls shot-gun correlation matrix, using all cross-profilas. 

Ths rank corrBlation coefficisnt, SpBarman's rho, was Employed to 

assess the degree of correlation between each pair of variables. 

Parametric statistics were avoided because some populations wers not 

normally distributed. No attsmpt was madB to aliminatB intBrdspBnd-

ancy among the variablBS. In addition to the thres crass-profHB di-



TABLE 3.5. VALLEY CROSS-PROFILE DIMENSIONS 

VALLEY 

A1 

A2 

A3 

B1 

C1 

C2 

C3 

C4 

SHOULDE 
(FE 

MAX. 

381 

216 

290 

221 

595 

268 

546 

248 

R UIDTH 
ET) 
MIN. 

227 

141 

193 

170 

325 

268 

221 

193 

CENTRE DEPTH 
(FEET) 

MAX. 

41 

30.5 

30 

26.5 

53 

36 

58 

25 

MIN. 

24 

23 

22 

24.5 

9 

32 

13 

19 

CROSS-SECTIONAL AREA 
(SQUARE FEET) 
MAX. 

1710 

550 

715 

565 

2960 

950 

2510 

590 

MIN. 

600 

305 

420 

445 

355 

750 

390 

340 
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mensions, slope height, slope length, mean angle and maximum angle wera 

includsd in tha analysis (sea Table 3.6, p.109). 

The five dimensional parametsrs are positively intercor-

related. ThB corrBlations are highly significant in many instances 

and appear to accord with the principle af allamstric growth sxcspt 

in vallsy B1. HowBvar, thB rssults are not conclusive since the prin­

ciple implies a constant ratio rather than a simple correlation be-

tween variables. 

The angular parameters tend to be corrslatsd with each 

other but exhibit only limited relationships with the dimensional 

parametars. Local factors which modify slops anglas, such as basal 

fluvial activity, havB probably overridden any relationships which 

might otherwise exist betwesn the two sats of parametars. It should 

be notBd, for Example, that both maximum and mean angles are nsgatively 

correlated with slope length, a dimension which is itself susceptibls 

to local fluvial activity. As further evidence of thesa local fac­

tors, many of the corss-profiles are asymmetrical. 

Cross-Profile Asymmetry 

Slope asymmBtry may bB considered with respBct to both max­

imum and mean anglas of slope. Several attempts have bean made to 

develop indices which quantify the degrea of slope asymmetry. In 

the prassnt study, indices of asymmBtry wars calculated according to 

GrimberiBux (1954-1955). ThB maximum angle index of asymmetry, 

i _ A gentla slopB maximum angle 
max ~ ~ steap slope maximum angle 
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TABLE 3.6. SHOT-GUN CORRELATION MATRIX FOR PARAMETERS OF SLOPE AND VALLEY FORM 

CENTRE 
DEPTH 

0.18 

0.08 

0.01 

Q.19 

-0.12 

0.10 

-0.02 

O.Ot. 

O.M** 

0.31* 

0.11 

0.52" 

0.75** 

0.75** 

0.1.5 

0.65** 

0.78*' 

0.52** 

-0.1.7 

0.83** 

0.6lt" 

0.1.3** 

0.00 

0.69* 

SHOULDER 
UIDTH 

-0.05 

-0.22 

-0.16 

-0.20 

-0.39" 

-0.13 

0.26 

-0.22 

0.50** 

0.1.6** 

0.18 

0.73** 

0.51** 

0.38'* 

-0.13 

0.60"• 

0.86** 

0.87** 

0.05 

0.91* 

GENTRE 

DEPTH 

CROSS-
SECTIONAL 

AREA 

0.05 

-0.11. 

-0.17 

0.01 

-0.16 

0.03 

0.23 

-0.09 

0.1.5** 

O.M** 

0.07 

0.62** 

0.59** 

0.U5** 

-0.33 

0.68** 

SHOULDER 

WIDTH 

SLOPE 
HEIGHT 

0.16 

0.02 

-0.65* 

0.26 

-O.Ot. 

0.23 

-0.52 

0.16 

0.63** 

0.52** 

0.72** 

0.81** 

CROSS-

SECTIONA 

AREA 

SLOPE 
LENGTH 

-0.5t.** 

-0.76** 

-0.98** 

-0.11. 

-0.32** 

-0.29* 

-0.68** 

-0.16 

SLOPE 

HEIGHT 

L 

MAXIMUM 
ANGLE 

0.32** 

0.51** 

0.68** 

0.53** 

MEAN 
ANGLE 

MEAN 

ANGLE 

MAXIMUM 

ANGLE 

SLOPE 

LENGTH 

+Spearman's nonparametric cor­
relation coefficient rho was 
employed to test tha relation­
ship betueen each pair of var­
iables. 

* Relationship significant at 
p <0.05 
••Relationship significant at 
p <0.01 
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whilst the mean angle index of asymmetry, 
V 

. gentle slope mean angle 
mean ~ ~ steep slope mean angle 

The range of the indices is from 0.0 (symmetry) to 1.0 (ex­

treme asymmetry). This is preferable to the index which was devel­

oped by Tricart (1947) and which required comparison between values 

of different orders of magnitude (either 0.1 to 1.0 or 1.0 to infin­

ity) depending upon the orientation of the steepest slope. The 

values of Grimberieux's indices are directly comparable but do not 

indicate the direction of steepest slope. Figure 3.22 (p. 111) 

illustrates the distributions of L and L within the Ottawa 
max mean 

area. The lowest values of the indices are modal which suggasts 

that many cross-profiles depart little from symmetry. More than 

seventy percent of the cross-profiles, however, exhibit some degree 

of asymmetry. 

The relationships of valley asymmetry to the orientation 

of the stBBpest slope are plotted in Figure 3.23 (p. 111). L 
a max 

asymmetry tends to be greatest for cross-profiles in which the steep 
slope faces between 271 and 315 degrees. L is qreatest whers ^ a mean * 

steep slopes face towards aither ths 91-180-degree zone or the 

271-315-degrBB zona, which is significant because these are opposed 

directions. No consistent pattern of variation with aspect, there-

fora, is likely to emBrga. The implication of this finding is that 

local factors are mors liksly to explain slope asymmetry whereas 

the influencas of regional factors such as aspect are insignificant. 
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3(f) Summary and Conclusions 

The precading description- has served to highlight some of 

the similarities and contrasts which are to be found among those 

valleys which were originally salected as typical of the Ottawa 

area. V/ariations may be identified with respect to slope forms and 

valley dimensions. 

Slopes at Gloucester Glen and Trend Village possess exten­

sive upper terrace zones and, in both A1 and 61, a lower floodplain 

zone may also be presant. These low-gradient zones are virtually 

absent at Gatineau. Simple convexo-concave forms dominate at Glou­

cester Glen and Trend Village whilst much greater complexity is 

observed on the higher Gatineau slopes where the convexo-concave 

sequence may be repsated mare than once. The convex segments are 

most extensive in all areas and rectilinear development is limited. 

The only area where the latter occurs even rarely on slopas of great­

er than five degrees is the Gatineau area. The rates of change of 

ground slope are greatest at Trend Village and least at Gatineau 

where the gradients change more slowly over much longer distances. 

Maximum angles tend to be greatest at Trend Village and 

least at Gatineau which represents an inverse correlation with chan­

nel gradient. These maximum slope segments are located close to the 

base of slopas in all areas. Mean angles showed little variation 

among the three study areas, which is perhaps surprising because of 

the considerable range of values of both slope height and slope 

length. Attempts to locate characteristic slope angles in the Otta­

wa area did not succaed. The most common inclinations,which are 



113 

below 2.5 degress, are probably too low to expsrience slope pro-

cesses. Thera is a gradual tapering off in the frequsncies of 

anglBs above these low values. There are no significant breaks in 

the distributions and those modes which are present do not possess 

frequencies which are significantly greater than those in other 

classes. 

Several of the slope form parameters were found to ex­

hibit some relationships with Bach other and also with parametBrs 

of cross-profile morphometry. The position of slopes within- in­

dividual valleys was found to influence certain of their character­

istics, notably slope height, maximum angle and mean angle. Cross-

profile dimensions tend to be positively intercorrelated in allo-

matric fashion. These dimensions are greatest and most variable at 

Gatineau, wheraas fluctuations in these parameters in valley B1 

are negligable. Such findings may suggest the influence of general 

drainage development on form. Other relationships, however, 

suggest more local influences. Mean angles are positively related 

to maximum angles but are inversely proportional to slope length. 

In addition, many cross-profiles are asymmetrical but no consis­

tent pattern of orientation of the steepest slope is encountered. 



C H A P T E R F O U R 

THE ORIGIN AND DEVELOPMENT OF THE VALLEYS 
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It is possible to view the initiation and subsequent deval-

opment of ths tributary valleys within the context of the post­

glacial evolution of the Ottawa area. These landforms may also be 

viewBd, however, as a response to interactions within the present 

physical environment. The discussion in this chapter combines both 

of these approaches in attsmpting to account for the presant form 

of the valleys. 

In sBction 4(a), the relationships between present-day 

processes and valley form are considered. Slope processes are 

described and the influences of external controls such as fluvial 

processes and climate are also discussed. The characteristics of 

slope regoliths and vBgetation associations are summarized. It is 

argued that soil profiles and plant communities are indices of the 

effectivenass of slope processes because they tend to become more 

immature as the rates of operation of slope processes increase 

(see section 2(c)ii, pp.48 to 50). 

Evidence of the historical factors which have contributed 

to the development of the valleys is reviewed in section 4(b). 

This evidence concerns both the pattern of post-glacial climatic 

flucuations and the decline in the elevation of regional base level. 

4(a) Present-Day Processes 

(i) Climatic Influences 

Geomorphological processes in the Ottawa area today reflect 

the considerablB ssasonal extremes of the regional climate. During 

the winter months of predominantly sub-freezing temperatures 
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(December to March), fluvial and gravitational processss ars dor­

mant in the study valleys. The critical phase for these processes 

is the six weBks of snow malting which commences in early April. 

At this time, runoffs and discharges are at their greatast. During 

the summer months, fluvial discharges are shrunken or cease entirely 

and runoff processes are most active during short-term phases of 

intanse rainfall. Precipitationincraasss again during the fall and 

fresze-thaw cycles occur in November and early December. 

The period of greatast interest, therefore, is the phase of 

spring melting. Field observations suggest that, at this time, the 

regional climate is significantly modified on slopes of varying 

aspect. A ssrias of spot-rsadings of tsmperature were recorded on 

cross-profile 6 in valley A2 (a typical north-south profile) during 

the winter of 1969-1970. Three soil moisture cells were locatsd two 

inches apart and thres inches below thB soil surface on the maximum 

angles of both the north-facing and south-facing slopes. Measuramsnts 

wars TBcordsd, using a soil moisture metsr. Average temperatures from 

the thraa CBIIS are reported in Table 4.1 (p.117). As expectsd, the 

south-facing slope is consistently warmer than the opposing slope. 

The south-facing slope began to thaw bafora April 7ib wharaas ths north-

facing slope remained frozen for at least one further weak. Visual ob­

servations revealed that parts of the north-facing slope wers covered 

with snow and ice until the end of the first week in May, which was 

two weeks after thawing had ceased on the south-facing slope. 

Readings of soil moisture content were also collected 

(Table 4.1). The resistancs of ths soil (in ohm units) is inversely 



TABLE 4.1. OBSERVATIONS OF SOIL TEMPERATURES AND MOISTURE CONTENTS ON CROSS-PROFILE 6, VALLEY A2. 

DATE 

05-11-69 

08-11-69 

11-11-69 

16-11-69 

26-11-69 

15-12-69 

27-01-70 

01-02-70 

01-04-70 

07-04-70 

15-04-70 

01-05-70 

03-05-70 

05-05-70 

10-05-70 

29-05-70 

01-06-70 

NORTH-FACING SLOPE 

TEMPERATURE (°F) X 

41 

45 

41 

41 

32 

25 

20 

21 

27 

30 

33 

50 

48 

51 

46 

55 

64 

SOIL MOISTURE 
READINGS (OHMS)* 

NR 

NR 

NR 

NR 

10.365 

-* 

-* 

-* 

-* 

-* 

10.203 

10.503 

10.583 

10.503 

10.403 

10.105 

10.245 

SOUTH-FACING SLOPE 

TEMPERATURE (°F) X 

43 

46 

42 

43 

33 

27 

21 

25 

31 

44 

50 

63 

55 

56 

53 

69 

68 

SOIL MOISTURE 
READINGS (OHMS) x 

NR 

NR 

NR 

NR 

10. 27** 
_* 

_* 

_» 

_* 

10.403 

10.803 

10.255 

10.355 

10.3D5 

10.185 

10.305 

10.305 

PRECIPITATION** 
(INCHES) 

IN LAST 
24 HOURS 

0.30 

0.42 

0.09+ 

NIL 

NIL 

NIL 

NIL 

NIL 

0.04 

NIL 

0.24 

NIL 

0.13 

IN LAST 
48 HOURS 

0.40 

0.46 

0.22* 

0.01+ 

NIL 

NIL 

NIL 

NIL 

0.12 

NIL 

0.28 

NIL 

0.13 

IN LAST 
7 DAYS 

1.06 

0.64+ 

0.40* 

0.81+ 

0.46* 

1.27+ 

NIL 

0.51 

0.12 

0.12 

0.96 

0.44 

0.57 

xReadings from soil moisture meter MC-300A, manufactured by Soiltest Inc., Illinois. 
*In frozen ground, the meter does not give readings for soil moisture. 
**Data from Monthly Meteorological Summary, Uplands Airport climatic station. 
"""Includes water equivalent for snowfall where 10 in. snou = 1 in. rain. 
NR - No readings 
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proportional to the soil moisture content. The tablB indicatss 
v 

that, on April 7H>, ths south-facing slops recorded a low rssis-

tancs (10.40 ohms). ThB soil on thB south-facing slops appeared to 

be saturated. At this time, the north-facing slope remained frozen 

and saturated conditions were not initiated for a further week. 

st 

By May 1 , the surface of the south-facing slope was dried and sun-

cracked but high moisture contents were observed on the north-fac­

ing slope until mid-May. The persistence of snow on north-facing 

slopes was noted in all valleys with east-west alignments (Plate XV, 

p. 119). Precipitation rates during the melting period do not appear 

to have influenced significantly the soil moisture rsadings (Tabls 4.1). 

During thawing, the resistancB readings were low whsther or not ra-

cent precipitation had occurrsd. 

The disappearancB of snow from ths south-facing slopss was 

mors rapid despite the fact that thsy tend to attract greatsr accum­

ulations of snow. The depth of thesa accumulations depends upon the 

degree to which slopes are Bxposed to the prevailing winds. The 

latter for tha six months of snowfall (Novsmber, 1969 to April, 1970) 

ara platted in Figure 4.1 (p. 120). The radiating scale on the rose 

diagram indicates the number of days on which a particular wind 

direction was prevalent during this period. Winds from the north-

by-west quadrant are dominant so that the lee slopes which attract 

snow deposition face the south-by-east quadrant. On five occasions 

during the winter of 1969-1970, snow depth variations were obser­

ved along profile 6 in valley A2 (Fig. 4.2, p. 121). Snow deposits in 

Novembsr ware greatest on the north-facing slope because it receives 
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: • * * ! 

'lata XV, The confluence 7_ .. c..._. .,_ „._..q 
the flood season; in the latter, snow accumu­
lations are greater on the north-facing slope 
(grid ref. 456154). 
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RADIAL SCALE EXPRESSES NUItlBER OF DAYS OF PREVALENT UJIND DIRECTION 

SOURCE: MONTHLY lYlETEOROLOGICAL SUMMARY, UPLANDS AIRPORT, 1969-1970 

FIG. 4.1. ROSE DIAGRAM OF PREDOMINANT UJIND DIRECTIONS AT UPLANDS AIRPORT 

BETWEEN NOVEMBER, 1969 AND MAY, 1970 
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least insolation. During subsequsnt months, howBver, temperatures 

wers bslow frsszing and malting by insolation was IBSS obvious. 

Snow accumulations built up on ths lseward south-facing slope and 

the windward slope was swept bare. It is likely that the latter 

slope was probably frozen to a greater depth than the former because 

of the lack of a protective snow cover. Much of the snow on the 

leaward slope was supplied from the wind-swept terrace above it. 

This snow would cascade over a snow cliff which gradually advanced 

downslope (Plate XVI, p.123). Differential snow accumulation may 

explain why snow persisted longest on east-facing slopes at Gat­

ineau where differences in insolation on opposite slopes of the 

valley may be expected to be minimal (Plate XVII, p. 123). 

The hollows were the most favourable zones for snow accu­

mulation on slopes of all aspects. During thawing, these hollows 

remained snow-covered when the spurs had been cleared of snow 

(Plate XVIII, p. 124). Rivulets which drain from the accumulations 

within the hallows were found to cause a certain amount of gulley 

erosion (Plate XIX, p. 124). 

During the melting period, the surface regolith was very 

moist and mobile, partly because infiltration was restricted for 

some time by the frozen substratum. The addition of any stress to 

the surface material was sufficient to promote liquefaction since 

the brown mottled clay is highly sensitive. Small-scale mudflows 

occurred in the material above the frozen solum. Slope processes 

at this time wers probably most effective on south-facing slopes 

where considerable quantities of snow and ice were dissipated over a 
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Plate XVI. The south-facing slope of valley A2 
during the flood season; remnants of the 
snow cliff which is typical of this slope 
are present in a slope hollow (grid ref. 
460153). 

2 TH[*1W* ftsi* 

Plata XVII. A newly-developing erosional channel 
form in valley C3; snow remains an the 
east-facxng slope (grid ref. 473381). 



Plate XVIII. Valley A2, looking upstream during ths 
flood season; flood-waters wash the bases of 
both slopes; snow is confined preferentially 
to hollows on the north-facing slope (grid 
ref. 460153). 

Plate XIX. Gullev formation at the base of a snoy 
patch on the south-facing slope of valley 
A2 (grid ref, 457154), 
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short period of time. Rates of runoff on this slope may have been 

much greatsr than on the north-facing slope where, although the 

accumulations of snow wars limitad, they neverthelBss required the 

greatsr period of time for melting. Despite the observad micro­

climatic variations with aspect, however, it has not been possible 

to detect corresponding variations in slops form. In no vallsys 

except valley C1, where east-facing slopes possess greater eleva­

tions (Fig. 3.7, p.71), are maximum or mean angles consistently 

steeper on one slops than on thB other. In section 3(e)iii, it 

was rsported that vallBy cross-profils asymmetry bears a complex 

relationship to aspect, reflecting the influence of local factors. 

One may concluda therefore, that, if form is adjustBd to prBssnt-

day conditions, factors othsr than simple microclimatic variations 

and the resulting slope processes are rasponsiblB for variations 

in form, 

(ii) Fluvial Processes 

The streams within the study valleys are considerably 

influencsd by seasonal climatic variations. They are frozen from 

December to April and are then very active until mid-May. After 

ths snow malt, discharges decline in valleys A1 and B1 and cease 

entirely in the other valleys until the fallowing spring. The most 

effective phase of fluvial processes, therefore, is the spring 

melting period. 

Fluvial processes are more readily related to varia­

tions in slope and valley farm than are microclimatic influences, 

particularly in ths floodplain valleys, A1 and B1. Undercutting 
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of the valley-side slopes on the outer bends of meanders produces 

a very distinctive slaps form which is characterizsd by an erosion 

scar near the base of the slope. An exampla in valley A1 (Plate XIII, 

p 80) was photagraphBd in June, 1970, immediatBly aftar the cessa­

tion of a phase of undercutting during the spring flood. The sur­

face of ths scar consists of IOOSB dabris which is dry but highly 

mobile. The feature is frssh and both vagstation colonization and 

soil davalopmEnt are negligable. The angle of slope is thirty-seven 

degrsas. In thB turf above the scar, a transvErss tension crack 

is prsssnt which indicatss that ths feature will evsntually slump. 

Plats XX (p.127) illustratss an undarcut scar from valley B1 which 

has become a natural haven for drifting snow and, as such, is sus­

ceptible to nivation processes. 

Slopes which are removed from thess loci of erosion do not 

appear to experience undercutting, evsn in the presence of large 

volumes of discharge during the flood season (Plate XXI, p.127). 

Floodwater levels during 1970, which may havs basn as much as eight 

feat above ths IBVBI of thB floodplain in valley A1, wers indicated 

by floated debris which bscama lodged in trees and by silt deposits 

on the valley-sids slopss (see also Plats XXII, p.128). Ths flood 

discharges appeared to deposit rather than to erode in areas away 

from the main channel and vegetation was veneered by a cohesionless 

alluvial silt (PlatB XXIII, p.128). 

It is probabls that the non-undercut slopes in valleys A1 

and B1 have been undercut at some time during the past but have been 
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Plate XX. Snow accumulation on an undercut scar in 
valley B1 (grid ref. 383183). 

Plate XXI. The floodplain of yalley A1 during the 
flood season (grid ref* 456152). 



Fl^te XXII. In valley A 1, 3 tree trunk fractured 
eight feet above floodplain level by fled 
ing debris during the flood season (grid 
ref. 46S'49)„ 

Plate XXIII, Valley B1, immediately following ths 
floods; vegetat̂ D.-' in the floodplain is 
veneered by cone**unless silt (qrid ref, 
383184), 
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abandoned by the basal stream as a result of meander migration. 

Upon abandonment, the scars would expEriencs slumping and than 

stabilization, vagBtation colonization and soil development. Slow 

diffuse processes such as creep and rainwash then become dominant. 

Slope profile 6A in valley A1 (Plate XII, p.62) was in the process 

of stabilization at the time of photographing, not having been un­

dercut for two years. 

In order to investigats further the nature of the undercut 

and non-undercut slopes, using the surveyed profile data, a 2x2 con­

tingency table was prepared. It compares the two types of slope 

in valleys A1 and B1 with respect to the type of slope segment which 

characterizes the foot of the slops. 

BASAL UNDERCUT IMOIM-UNDERCUT 
CONCAVITY SLOPES SLOPES 

PRESENT 6 20 

ABSENT _9 _0 
15 20 

A null hypothesis stated that there was no association between the 

process operating at the base of the slope and the type of segment 

at the base of the slope. A Chi Square test was performsd and the 

2 
value of X (16.15 with DF = 1) was significant at the 0.001 IBVBI 

of probability, confirming the impression that concavities are 

largely absent from the base of the undercut slopes. 

A Mann/Whitney • U' test was performed in order to test the 

null hypothesis that there wers no differences between the maximum 

angles which occur on the undercut scars and on the non-undercut 

slopes in valleys A1 and B1 except for chance variations. The 

TOTAL 

26 

9 
35 
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null hypothesis was rejected at the 0.001 lev^l of probability with 

z = -4.09. One may conclude, therefore, that undercutting is a 

process which is accompanied by slope steE'pening. Mean angles are 

also steeper an undercut slopes (z - -4.04 arid p < 0.001). Rates of 

curvature appear to increase where undercutting occurs and it be­

comes obvious from an appraisal af the slope profiles in Figures 

3.3 and 3.6 (pp.67 and 70) that undercutting leads to marked valley 

crass-profile asymmetry. 

Less obvious relationships between slope farm and fluvial pro­

cesses occur in valleys A2, A3, C1, C2, C3 and C4, which contain ephem­

eral streams. At the time af snow melting, these valleys become water 

chutes. Floodplains are absent and the waters wash the bases of the 

slopes at all points (Plaice XXIV, p. 131). The erosivB capacity of these 

chutes appears to be limited at present. Only in valley C3 was there 

evidence af downcutting during the spring af 1970 when a small channel 

began to be incised into the original, less distinct valley floor (Plate 

XVII, p.123). Both valley A3 (Plate IV, p.29) and valley C2 possess 

distinct erosional channel forms but these contain only isolated pools 

of water far most af the year. The channels of valleys A2, Ci, C3 and 

C4 are occupied by plant communities with an affinity for waterlogged 

conditions. Species of plants which are particularly common include 

dark-green bullrush, softrush, several species of sedges and reed-

meadow grass. The materials beneath these plant communities are 

both gleyed and dark blue in colour. Thpre is little evidence of 

either erosion or deposition in these channels. The plant commun­

ities are easily able to withstand the dragging effects of flowing 
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Plate XXIV. A detail of the channel in valley A2 
during the flood season; vegetation cova^s 
the channel bed; ^noercutting may be oc­
curring at the slope base an a email scale 
(grid ref. t*60l5 3). 
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water, evsn during the melting season (Plate XXIV, p.131). Under-

cutting is a minor procBSS within these valleys and, although 

small-scale evacuations of material from the slope base occur, 

no major erosional scars are produced. 

It is common on many of the slopes in valleys A2 and C2 

for stabilization to have occured in the form of a series of slope 

terracettes which are indicative of a phase of small-scale rota­

tional failures (Plates X and XI, p.61). It is possible that fluvial 

undercutting has influenced the development of these featurss sines 

thsy ars bast developsd on ths upslops sidss of spurs whsre basal 

fluvial activity may be expected to be greatest. As many as thir-

tssn individual tsrracBttss may be present in a single sequsnce in 

valley C3. Their dimensions are rslatively constant, ranging from 

approximately two feat wids to thrss feet high* 

Not all of the slopss in the ephemeral valleys, however, 

possess terracBttss. Such micro-forms are absent from valleys A3, 

C1, C3 and C4, but, whethsr or not tarracettes are present, the 

slope regolith in ephemeral valleys appears to be stable excapt 

during thB spring, especially at Gatineau. The forms of the slopes 

in these valleys are illustratsd in Figures 3.4 (p.68), 3.5 (p.69) 

and 3.7 to 3.10 (pp.71 to 74). Slope forms are basically convexo-

concave at Gloucestsr Glen but ars usually mors complex at Gatineau. 

Maximum angles of slope, rates of curvature and valley cross-profile 

asymmetry, all of which tend to increase as fluvial processes become 

more effsctive, are least at Gatineau. The presence of sevsral con-

vexo-concavB sequencss on slopss at Gatineau is indicative of the 
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semi-independant evolution of differsnt sections of ths slopss, a 

situation which may not normally bB associated with ths activity 

of a powBrful basal strsam. The simpler forms and stespsr angles of 

slops in valleys A2 and A3 may reflect eithsr currant or recent 

fluvial activity. Field observations, however, have failed to dem-

onstrate sffsctivB fluvial erosion within them during the spring 

of 1970. 

(iii) VeqBtation and Soils 

Ths dEVBlopment of eithsr a maturs soil profils or a matura 

climax vegetation association is hindersd by movBrnsnts within the 

slops regolith. The effBctivansss of prBSEnt-day slope processas on 

clay slopes around Ottawa, therefore, should be reflected in the 

maturity of their soLls and plant associations. 

Soils wers axaminsd at many sites in thB study valleys 

and certain gensral characteristics becams apparsnt. In all of ths 

valleys, the parent material consists of a fins-grained lithology 

which possessss a blocky structurs (Plate XXV, p.134). The colour 

varies little and is termed grayish brown (2.5Y 5/2) or dark 

grayish brown (2.5Y 4/2) according to the notations of the Munsell 

Soil Color Chart. Ths tsxturs of the material variss from clay at 

Gatinaau to silty clay at Gloucaster Glsn and Trend Village. The 

material is located in those areas which were mapped by Gadd (1963) 

as brown mottled clay. During soil development, the blocky struc­

ture breaks down into a progressively finer granular structure. 

FreezB-thaw cyclss and watting and drying cyclss ars likBly to pro-

motB ths disintsgration of ths blocky structure. It was also 
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observed that ths granular aggregates tend to become finer as root 

content increases. On the summits of the slopes in all areas, a 

loamy material veneers the silty clay to depths up to fifteen inches. 

In thB Gatineau area, this material has been termed the Pontiac 

Series by Lajoie (1967) who attributes it elsewhere (1962) to 

fluvial terrace deposition. 

Soil development is undoubtedly least advanced an steep 

slopes. On erosion scars, the blocky material is either at the 

surface or is smothered by a veneer of cohesianless silt which is 

rarely greater than two inches in thickness. VegBtation is abssnt 

from the scars. On the maximum angle segments of slopes which are 

not BxpBrisncing powBrful undercutting processes, the regolith is 

less mobile and a horizon of coarse granules (0.4 - 1.2 inches in 

diamBtEr) rssts on thB surface of the parent material, per­

haps to a depth of three inches. The vegetation cover which over­

lies the soil on the maximum angle is incomplete and bare patches 

of soil are exposed. On surfaces of lower inclination, such as the 

upper convexity or lower concavity, four soil horizons may fre­

quently be recognized: (i) the basal horizon of blacky silty clay, 

(ii) a coarse granular horizon with few roots, (iii) a granular 

horizon (diameter of granules 0.1 - 0.4 inches) with dense root net­

works and (iv) a humus layer. Sail horizoning is aided by the fact 

that, on most slopes with inclinations of less than twenty degress, 

the vegetation cover is complete and acts as an obstacle to soil 

mobility. 

Soil profiles are best developed on the slope summits where 
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the parent horizon may be located at depths in excsss of twenty 

inches. The loamy material which overliss thB silty clay is more 

permsablB than ths latter so that leaching processss may be abls to 

opsratB to greatar dspths than on other parts of tha slope. 

The most maturs vsgstation associations are also to be 

found at ths summits of the slops profilBS. At Gloucester Glen 

and Gatineau, domesticatBd long-tarm pastures occur on the slope 

summits. ThesB pastures are maintainsd as immaturs climaxas by 

grazing. At Trsnd Village, howevsr, grazing is absent. The al­

falfa fields, which have been abandoned at the slope summits, have 

already bean invaded by pasture grasses and are Evolving towards a 

bush association. 

On thB slopss of ths valleys, the plant associations are 

immaturs and reflect the disturbBd site conditions. Grasses are able 

to become established on all but the stespsst slopES but thsy be­

coma progressivsly IBSS dominant as slops angls increases. Other 

speciBS become prominent which could be classed as weeds in thB sense 

that they do not provide the intendsd forage far cattle. Many are 

haliophile and are normally shaded out by ths tall inflorescencss 

of grassBS in ths pastures. Heliophile species include groundlevsl 

sprawlsrs, such as white clover and silvery cinquefoil, and rosetts-

formsrs such as dandelion and plantain. As a solitary reflsction 

of aspect, mosses are rsstrictsd to the steeper gradients of the 

moist, cool, north-facing slopss. 

On ths undercut erosional scars, a sequence of colonization 

may be identifisd. Initially, vsgetation is absent. The first 
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pionesrs are annuals such as ysllow clover and horsatail which 

compste very poorly with persnnials. ThB first persnnial pionBBrs 

include wild strawberry, calico aster and long-leavsd aster which 

tend to be absent from later associations. The heliophiles are 

among the early colonists and these are followed by the grasses. 

On the maximum anglss of many slopes, the succession appears to have 

been halted and heliophilss and grasses co-exist. The disclimax is 

maintained by movemsnts within the regolith and by grazing. Graz­

ing by cattle is not essential to the maintenance of the equil­

ibrium, however, since thB associations on steeper slopes at Trend 

Village, whera grazing is absent, are similar to those elsewhsrs. 

Ons may conclude that the immaturs condition of both soils 

and plant associations on slopss, particularly on maximum angla 

segments, is indicativs of the effectivs operation of present-day 

processss. Thsre is na reason to beliBVB, therefore, that the slope 

forms are not being shaped and modified by present-day processes. 

These forms are not rslict fsaturss unlikE ths adjacsnt tsrracs 

surfacss which support mors maturs soil profilss and vegetation 

associations. 

4(b) Past Processes 

The initiation of the study valleys may have occurred at 

any time following the Bxposurs of the marine surface to freshwater 

and subaerial conditions. The maximum possible age for this sur­

face is ca. 10,200 ysars. During the succeeding 2,500 years, there 

was a phase of intensive downcutting which may have been accompanied 
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by the initiation of the tributary valleys. Without radiocarbon 

dates from materials within thess valleys, howevsr, it is difficult 

to link their devslopment to the terrace chronology. 

The following section reviews same indirect lines of ev­

idence which may offer a method for the approximate dating of the 

valleys and gives some insight into the causes of their initiation, 

especially for those presently-dry valleys at Gatineau. 

(i) The Significance of Dry and Misfit Valleys 

Three main groups of valley-types appear to be present 

within the Ottawa valley: (i) dry or ephemeral valleys, (ii) val­

leys with persnnial discharges which are misfit and (iii) valleys 

with perennial discharges which are normal. Misfit or underfit 

valleys are thoss which msander within mare amply meandering val­

leys (Dury, 1964a). The valleys at the field sites appear to fall 

within the first two categories. In valley A1 and the upper reaches 

of valley B1, perennial streams meander across wide floodplains. 

The other valleys are dry except during spring. The lower reaches 

of valley B1, which WBTB not examined in detail in the field, 

appear to represent the third group af valley-types. 

Dry valleys are not uncommon in western Europe and parts 

of North America. They have been interpreted according to several 

hypotheses. A.J. Bull (1940) claimed that dry valleys may be formed 

on highly psrmBable strata which have been rendered impermeable by 

permafrost. During the permafrost phase, surface runoff is possible. 

The vallsys which dsvalpp, however, are abandoned following the de­

gradation of the permafrost. This hypothesis may be applicable to 
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chalk landscapes in western Europe (Qllisr and Thomasson, 1957; 

E.H. Brown, 1969; French, 1972). In thB Ottawa valley, howevar, 

the brown mottled clay is not highly permBable so that the theory 

is unlikely to explain dry valleys. 

C.C. Fagg (1954) has interpreted dry valleys as the result 

of a declins in the water table. In the Ottawa area, base IBVBI 

dscline has occurred in conjunction with fluvial downcutting and 

terraca formation. The affects of this phenomenom would have been 

experisnced on a regional scalB and could account far the ubiqiutous 

presencB of dry valleys within the Ottawa valley. 

It is also possible, however, that historical variations 

in runoff havs contributed to the formation of dry valleys. Dury 

(1964a) has argued, on the basis of field evidsnce in both North 

America and westsrn EuropB, that many valleys have experiencad great­

er discharges during the past for climatic reasons. Some of thess 

valleys are now dry whereas, in others, the streams are misfit. It 

is postulated that meander wavelangths are proportional to discharge 

and that the wavelengths of major valley meanders, therBfore, are 

indicative of discharges which may have been at least twenty times 

greater during the past than they are at present. In a later paper 

(1964b), Dury hypothesized that floodplain alluvial deposits origin­

ated from a sudden declins in the transporting capacity of streams. 

The cause of this decline and of the onset of underfitness was a 

reduction in precipitation. 

It was part of Dury's argument (1965) that post-glacial 

fluctuations in temperaturs and prBcipitation have been sufficient 
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to causB major rBductions in ths volumss of stream dischargas. 

Field evidence certainly suggests that tempsraturE and pracip-

itation Bxarcisa csrtain controls over runoff. Schumm (1965), for 

Example, demonstrated that mean annual runoffs tBnd to be directly 

proportional to precipitation and inverssly proportional to temp-

eraturs. Sediment yields are invBrsely proportional to both pre­

cipitation and temperature since an increase in the latter pro­

motes a greater vegetation cover which protects the soil from 

Erosion. Whethar or not thsss controls are abls to produce dis­

charge variations of the magnitude which are required by Dury's 

theoriss, howBVBr, is a mattar of conjecture. 

Dury (1965) concluded that cool, moist conditions during 

the immediatB post-glacial period would have been most suitable for 

the initiation of valleys in North America. This is significant 

far the Ottawa-St. Lawrence lowlands where Potzger (1953), Terasmae 

(1959, 60, 61) and Terasmae and Lasalle (1968) have suggested that 

cool, moist conditions were present twice during the post-glacial 

phase (SBB TablB 1.2, p.21). The first phase of such conditions, 

zone Q2(V), occurred between 8,000 and 9,000 years ago and the 

second phase, zone Q5(I), has occupied the last 2,000 years. 

Zone Q.2(V) coincides with the period during which the 

marine surface was exposed to subaerial conditions. The trans­

formation to warmer, drier conditions in zone Q3(III) appears to 

correspond to the drastic decline in the volume of the Ottawa River 

discharge which accompanied the formation of the 220-foot surface. 

This climatic changs, thBTBfore, could have been a major factor in 



141 

producing dry and misfit vallsys in the Ottawa arsa at that tirrtB. 

No similar climatic period has succeBded zone Q5(I) so that a very 

recent phase during which streams may have become misfit is less 

likely to have occurred. 

(ii) The Initiation and Development of the Study-Valleys -

A Conclusion 

In summary, it appears that the cool' moist climatic phase, 

zone Q2(V), which extended from 9,000 to 8,000 years ago, would have 

favoured the initiation of strsam networks in the Ottawa area and 

that ths subsequent climatic zone, Q3(III-IV) from 8,000 to 6,000 

years ago, would have been suitable for the onset of underfitness 

within such networks. 

Certainly, valley A1 and the upper reaches of valley B1 

appear to satisfy Dury's criteria for the recognition of underfit 

streams. Tha dry valleys may also have been initiated in zone 

Q2(V) so that they too reflect, in some degree, the subsequent de­

cline in regional precipitation. The complete cessation af flow at 

certain times of the year, however, suggests that such valleys have 

been affected by the additional influence of the declining re­

gional base level and the resultant decline in the elevation of the 

water table. 

The effects of a dropping base level appear to be espsc-

ially grsat at Gatinsau. ThB forms of the valleys suggest a phase 

of intense downcutting by short powerful streams which were able 

to keep pace with thB rapidly-downcutting Ottawa River, at least 

until the formation of the 190-foot surface. This phase of down-
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cutting may havs been punctuated by short stillstands since there 

is some evidence that the vallay sides are terraced. Further down-

cutting in response to the continued decline in base level was pre­

vented by the bedrock outcrop which underlies the 190-foot surface 

adjacent to these valleys and which acted as an erosion threshold. 

At this tima, which coincided with the dry conditions of zone Q3 

(III-'IV), the water table would have passed beneath the floors of 

thesE valleys. 

The impact of the historical circumstances which are post-

ulatsd above upon thB present forms and processes within the study 

valleys may be predicted. The critical factor in the variations of 

slope forms and slope processes has been identified as the behaviour 

of the basal stream. The nature of this behaviour depends upon dis­

charge regimE, a strsam charactaristic which is, in turn, dBtsrmined 

by historical factors. The concluding chapter demonstrates the far-

reaching effects of these factors in producing different types of 

slope system. 
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5(a) Slope Systems in the Ottawa Area 

It has been demonstrated that slope processss in the Otta­

wa arsa arB activB today in modifying slope form. In this sBnse, 

slope forms reflect present-day conditions and are not relict fea­

tures. In particular, the overwhelming conclusion is that the char­

acteristics of slope form are controlled by.the activity of the 

basal stream. On the other hand, variations in the nature of flu­

vial processes have been found to depend upon historical factors and, 

in this sense, slope and valley forms reflsct past conditions. Idith 

thesB qualifications in mind, three major types of slops systsm may 

be recognized in thB small valleys around Ottawa. 

(i) Powerfully-Undercut Slopes 

The first type of slopB system is represented by the under­

cut scar. The operations of the system are summarized in Figure 5.1 

(p.145). Such systems occur in valleys where the streams have be­

come underfit as the result of a decline in precipitation. Erosion 

in such valleys is predominantly lateral and is confined to the outer 

bends of meanders. 

Undercutting produces a characteristic slope form which is 

convex, the maximum angle occurring at or near the slope base. Dur­

ing the formation of the scar, slope length decreases, any basal 

concavity is eliminated and maximum angle, mean angle and rates of 

curvature increase. Where one slope in a cross-profile is under­

cut, slope asymmetry is accentuatBd and shoulder width and cross-

sectional area tend to increase. 

Within this type of slope system, great imbalance exists. 
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Undercutting, the chisf agent of slops steepening, is a much more 

efficiant procsss than ars the processss of debris downslope trans­

portation, with the result that the development of soil profiles and 

vegetation communities is inhibited. The slope is often steepened 

to the limiting strength of the lithology so that instantaneous 

failure may be imminent. The limiting angle in the brown mottled 

clay may be as great as forty-five degrees. Of the sixteen undercut 

scars which were observed in the field, sixty-six percent possessed 

angles greater than thirty degrees. Although slope processes on such 

slopes may be very rapid as they strive to reduce slope angle to a 

more stable condition, these efforts are not usually successful until 

aftsr ths floods havs subsided. 

Whers slops steepening is gradual, the soil profiles and veg­

etation communities are progressively undermined. More often, however, 

rapid and deep-seated failures occur which expose fresh surfaces. 

All traces of previous sails and plant associations are effectively 

removed, 

(ii) Weakly-Undercut Slopes 

This typs of slops system is believed to occur in valleys 

A2, A3 and C2. In these valleys, undercutting is a relatively minor 

process and slope processes are able to reduce the angle of slope 

below that of the limiting strength of the underlying material. The 

historical factors which have contributed towards the devalopment 

of these slopes include declines in base level, water table Blsvation 

and precipitation. The net effect of these factors is to restrict 

present-day streamflow to the period of the spring melt. The runoff 
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during the spring appears to possess a greater erosive capacity in 

these valleys than in the other dry study valleys. Distinct flu­

vial channels are maintained in valleys A3 and C2 and, in valley 

A2, there were signs that small amounts of material are being re-

movsd fram the base of the slopes. 

Within weakly-undercut slope systems, an equilibrium exists 

between the processes of slope steepening and slope angle reduction 

and this balance is reflected in slope form (Fig. 5.2, p.148). 

The typical form is convexo-concavs. The undercutting process is 

associatsd with an increase in slope height, mean angle, maximum 

angle, rates of curvature and the convex component of the profile. 

Slope processes tend to bB associated with decreases in maximum and 

mean angles and rates of curvature, and increases in slope length 

and the concave proportion af the slope. In valleys in which such 

slopes occur, the cross-profile dimensions increase steadily and 

slope asymmetry is reduced because of the operation of similar pro­

cesses beneath bath valley sides. 

The equilibrium within the system extends to the soils and 

vegetation communities (Fig. 5.2). On the mnximum angles of slope 

profiles, where regolith mobility is great, both vegetation associ­

ations and soil profiles are maintained at £,n immature stage of devel­

opment. Plant associations are characterized by the presence of 

heliophiles whereas grasses are restricted. Soil profiles usually 

consist of a thin, coarsely-granular horizon which is perhaps three 

to four inches deep and overlies the parent material. 
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(iii) Non-Undercut Slopes 

The third group of slope systems experiences no fluvial 

undercutting so that processes which act to reduce slope angle may 

operate unopposed (Fig. 5.3, p.150). Such systems occur in misfit 

valleys away from the loci of undercutting. It is probable that 

these slopes have been undercut during the past but have then been 

abandonBd by the basal stream as the result of meander migration. 

Since a renewal of undercutting may be predicted for the future, 

such slope systems, like the powerfully-undercut systems, ars rel-

atively short lived. It is passible that undercutting is absent in 

many of the dry study valleys, notably valleys Ci, C3 and C4. Field 

observations indicated that signs of erosion in thess vallays during 

the spring melt are nsgligable. 

Non-undsrcut slopss ara likB closed systems in that they 

develop towards a condition of maximum entropy. As slope processes 

reduce the angle of slope, their rates of operation are reduced in 

consequence. As a result, soil profiles and vegetation associations 

became more mature. Vegetation coverage of the soil may be complete 

and grasses tend to dominate associations, even on maximum slope 

angles. The evolution of these associations beyond the pasture stage 

is preventsd at present by grazing. 

As energy declines in these slope systems, maximum and mean 

angles, rates of curvature and the convex component of the profile 

tend to decraase whereas slope length and the concave proportion in­

crease. Materials which accumulate at the b-ise of the slope are not 
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removed by the basal stream and are able to form depositional con­

cavities. These deposits da not appear as scree forms but, rather, 

are indistinguishable from the parent material which is itself un­

consolidated and fine-grained. Basal concavities are especially 

obvious on non-undercut slopes in misfit valleys. 

It is difficult to predict changes in the cross-profiles of 

valleys in which these slape systems are present. If the opposing 

slope is undercut, slope asymmetry will become accentuated and 

shoulder width and cross-sectional area will increase. If both 

sides of the valley are free from undercutting, width may increase 

and depth decreases as materials are transported from thB slope 

summit to the base of the slope. 

BenBath the stable slopes at Gatineau, however, there is 

very little evidence of such accumulations. The slopes in valleys 

C1, C3 and C4 are of low inclination and yet have retained a basal 

convexity which suggests that adjustments to the cessation of flu­

vial processes have been so gradual that the slopes may be viewed 

as quasi-static. The latter are characteristically multi-sequential 

in form in contrast to the simple farms which are found in valleys 

with more active slope processes. One possible explanation of the 

irregular farm is that there has been slumping in mid-slope. The 

mid-slope facets which are present, however, are extensive rather 

than localized features and may represent fluvial terracas which 

are now relict landforms. 
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5(b) SuqqBstions for Further Work 

The age and origin of the study valleys must remain doubt­

ful despits ths indirect Evidence which is cibed in the report. 

It would bs particularly ussful, therefore, if materials could be 

locatsd within these valleys which are suitable for dating by radio­

carbon methods. Unfortunately, many of the tributaries contain no 

such deposits although dateabls materials may occur in some misfit 

valleys where they have bean buried by alluvial fill. 

Other aspects of the post-glacial history of the Ottawa 

area also rBquira further investigation. The preliminary work con­

cerning local drainage developmsnt, which was based upon the analysis 

of topographic sheets, is in need of supporting field evidencs. 

Sines ths quBstions of ths origins of the Champlain Sea clay and tha 

brown mottled clay ars ralEvant to thB reconstruction of recant 

events in the Ottawa area, the comparative evaluation of the geo­

logical and geotechnical investigations into these clays is 

imperative. 

The models of slope development which are proposed require 

further field verification. Changes in the characteristics of slope 

systems are prsdictsd largely from static evidence which could be 

gainfully supplemented by field measurements of surface processss. 

Of special interest are observations concerning the development 

and subsequent stabilization of erosion scars. More extsnsivs data 

concarning soils and vegetation are necessary if the relationships 

of thess latter to slope form are to bs effectively analyzed. Such 

da4 a would contribute evsntually towards the construction of quan-

titjtivs modBls of slope systsms development. 



S E L E C T E D B I B L I U G R A P H Y 
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FIG 3 X THE LONGITUDINAL PROFILES OF THE STUDY VALLEYS 
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