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between deveiopmént of slop= formﬁand the—operation of slope'-

CHAPIER T

INTRODUCTION

(1) Purgose

No comorehensive analysis yet ez 1sts of the relatlonsh

 processes within ths periglacial envirorment of Canada's High Arctic.

With the exception of Rapp's (1960a) lengthy report on Spitzbergen,

the periglacial environment has been neglected as a favourzble

location for slope studies: yet the application of slope theories

based upon mldulatltade or high-altitude rpsearch is not entirely
warranted because there is at present no substantive body of proof
that the slope proéosses and situatioms formd in these envivommerndts
are similarly characteristic ef active periglacial areas.

A recent alpine study by Gardner (1968) has pointed out the

Jack of information concerning the process-morphology. relationship

on debris slopes. There is a‘éall for further exploration of llnka
between geomorphic elements in all morpho~climatic regions. The

e
L

present -study was vnderiaken as an attempt to satisfy that raques

Lo ad

in an Avetic periglacial esrea. - Its gozl is a valid assessuent of.
proé s~morphology relationships in a a*vors;ty of locations within
ﬁhis eitlng. The results of separ;te analysss of qlope form anﬂ
slope processes are cOﬂblned to determine the degree OL 1nter4c ion

that exists between these geomorphic elements.

1

es

es



Fizure 1

'Geographic location of Southwest Deven Islard
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(2) 1ocation

Debris slope studies formed p:'rt of the geomerphological
~1nvest¢gat10n.> mdertakcn by the McMaster Universily Arctic Rescar ch.
Group on scuthwest Devon _.;.sland, N.W.T. (fig. 1). Devon IsJ_anrl is
‘positioned between latitudes 74°20' to 77°04¢ north and lengitudes
79°20° to 96°50' west. The designated study area is bordered by
three major water bodies: Gascoyne Inlet to the west, lancaster Sound
to the south, and Radstock Bay to-the east -(i‘ig-, 2} With:'m these -
bounds is located a complex landform sequence, the most pronocunced
of which are the horizontally~bedded limestone plateaun and plateau
remnant; Specific eniphasis iﬂaé placed by the author on debris slopes
deveio'péd beneath the edges of these prominent features in four
diffe}ent localities (figs 3). A basically uniform lithology prevails
'bhroughout these loczles, whish allowed emphasis te be placed upon
the differences in slope form and development found in relation to -
varying types and‘ intensities of processes.

The initial data collection was wndertaken while the author
served as field assistant to Dr. Pe J. Howarth during a six-week
peried in 1969, from mid-July to September. A much longer fisld
season, from mid-June to *nld-.ﬂ.ugust in 1970 allowed slaboratlﬂn ard
completion of the study's data gathering siage. Cbservations made
in the two summer ‘seasons vere supplemented by a ané»wec—;k Tield

excursion to the study area in mid-October, 1959,

(3) Methods
The minimum reguirement for accura ts analysis of slone form

is a standardized suwm,,r procedure which can be ariamm o ;.Lops



Figure 2

Aerial photograph mosaic of the general study area
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types of any dimension. Tacheomelric survey wethods meet this

requirement and were used te rc cord Slcpo morphology, its changes ard

'ts 1rregu34 ies 1? the st iy area. ~ The iachocms ,ricdllyuderived

~profiles enabled slope férmS to bz recoﬁstructed and classifiei.for
qﬁantitativé analysis. i

Recognition of the pfocesses operating on a2 slope and their
order of 51gn1facarce was accomplished by both visual evidence of
"‘p~esent or past processes and by inferences nado from sanplss of the
slope surfzce characteristics, Samples were oollecte@ #ccording te a
systematic procedure which required the selection of two sawples
fromvéacthf the upper, riddie ard basel zones of a slops.  The
rarameters selected as measures of p%»ccss type and intensity were
debris,sizé;-shape and orientation., Individual rock type was snlso
recorded to ascertain the proportion of each sampls cccvplied by the
two 1ithologic groupingse Ths aresl variatiaﬁ of these izrﬁmeters
allows an uwnderstanding of the naturs ard fofm of debris zlopes
developud in varicus iocalities,

On a smaller scale, certain processes were studied employing
addi Adonal methads for obtaining informatibn which could not be
derived from the e Jjor test procedvrs. Polythene plastic sheets vere
established on gelpct 1 slopss to trap rockfall debris during tha
1970 field season. The amovnt and general characteristics of the

rapped debris and the areas of ils greatest accwmilation irdicats .
the nature of the rockfall process in the arca during the particular
pericds A coloured dyé was also used on certain slopas‘during and
aft§r the 1 Q peay 381t pa:igd to tracs t he patte 7d rats of

ruwoll fron verious sources through the SlOp&S»

(8,1



Fioure 3

Geogra-phic position of the selected étud'y' localities;
1) Caswall Tower, 2) Inland plateau edge,

. . Q@ e g R e
3) Cape Liddon, 4} Caswall Tower. « C APE BiGiET3E



Scale in Miles y
0 0.5 1 R
L —

Cliff ond Debris
Slope Zone

Caswall
Tower

Radstock

Bay

CAPE = ,
RICKETTS .
CAPE
LIDDON

LANCASTER SOUND



Results of these tosts give preliminary indications of the nature
and importance of percolating water and sub-surface condifions on

debris slopes developing in an active periglacial envivonment.



PREVIOUS ItWEDTIu. TIONS

(1) Definitions

Terminélogical confusion bééomés evident from studies of
brevious slope literature. The two. Lerws MObL w:daly used , 5ta1us"‘
and "Scree," arise from tradition-bourd nat:uan pre 1orenceé vet
suffer from a 1ack of prone” dlbtlr rtion, Wany'wr ters employ the
terms synonymously (for example, Rapp, 1960&&b; Caine, 1967)Vin
reference -to rock fragments found on steep slopes or at the foot of
cliffs; but thers is also a bdbjc con*uswon when they are used to
refer to 1andforms. It is not cTQar hhvther talus and scree refer to

Ca partlculdr sionemlnrdform, to 1ts constituent material, or to both

(Sharpu 1935). Talvs

RN

s mOSt en deflpel &8 Ths s]:ne form
created by accunmulation of loose @ brls at the base of a free-faced
cliff or mountéinAwa113 while scree is & more inclusive tera which
incorpofates not only»falus slopes but those whick do nét 1lie below
any wall or free;face (Sﬁamp, 1663 Dol_hin, 1962), Suamn mzintains
that scree way also %e?@? te the material which forms a serse slope
v(and hence 2 talus 1 e)e

| Clarificétion of ferm5~therefore seans d ysireable Loxorc any
slope studies zée undertzlken. This w:iter préfers te rejsct the
synonynity of talus and seree in de sczlblng 5~t ,33 2form and
constitvant matérjalu Talus is thn tavm retained aceording to its

popular definition as a specific

o
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as a general term only in that it fefers to slopes which are not
classified as talus slopss. The constituent material of all slopss
is re«defined as slope or rock debris in order to avoid the
prev1ous Jy-mentioned oonfu31on w1th landform terms. Finally, when
discussion involves sll slopes'(both talus and scree slbp ss), the
ihclusive‘term "debris slopes” ‘is employed.
Four mﬁgor types of debris slopes are dealt with in this study.
As shown in flgure L, tnej ares- | o
(a) single cones forited bensath & rockfall funnsl developed in
the free=face
(b) talus sheets formed beneath a free-face
. {c) a series of talus cores Wﬁose aprons have coalesced
(d) scree sheets with extensive Jater al variation, ferned by

debris burial of the free-face.

(2) Prozssz Studies

A debris slope; like any other landxorm, depends upon one cr
a combination of gmomcrphic processes for its present stats of
development. In the literature cne dstects a constant atteapt to
jsolate the various slose~forming proc»see,, but many of the
iﬁvestigationg are of limited sc p;‘and are ave,lywdesc?i;t’ve.

Information on slope processes has accumlated in steo-like
fa,hzoq, the largest strlde having been made bty Amdsys Rapp (195daéb5.
Behre (1933) first discusses the rcle of running wéter in distributing
rock debris downslope, and draws attention te the large gulliss cut

into the debris slopes by water flow concentrating in the overlying

rockfall Idﬂ’$1 Blackwelder (1942) has pointed oul the erosive,



Figure 4A

The four majcr types of debris slopes (from Stoclk,

4) talus cone, B) talus sheét,

C) coalescent talus cones, D) scree sheet.

"1968)"._ A
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power of rolling material on debris:slopes. This process operates
with the aid of mudflow, stream and avalanche action.
¥

are discuzsed by Sharp

.

The narrow ridge~form debris "levees'
(194é), as;feattres which”form‘along dry channzls on slopes in the
Yukdn. Observations of the composition, form'and-disfribution of
these ridges and of active mudflous inaicate that“tﬁey are built when
_slbpeimatgrial is ploughed aside by mudflow lpbesAwhich are'carving
their own channels or following existing ones..

Ward- (1945) attacheé importance to fragment slides and rockfalis
as types of slope failure. Their characteristic movements and
wnderlying causes are déscribed. Once disturbed, debris rolls freely
since little resistance is encountered, and may impart momentur to
other -slope debris and’create.ajrockétream."ia ine andrfiuvial
undercutting of cliffs is cited as & contributing cause of rockfalls,

Jenness (1952) draws attention to the large;scale sliding
~and slumping which cceurs on bare slopss underlain by permafrost
when a portion of the ic= is erposad to sumﬁer air temperatures.

Washburn and Goldthwaite (1958) continue the indexing‘of
pfoceSS'by‘describing slushflow; which is the dOWnslopé ﬁbvement of
water-saturated snow in chamnels during the spring. Slushflow is
- common in Arctic areas and is termed 2 sporaiic process of both
erosion and deposition on slopss which often leaves natural levees
“of compaciedAsnow on either side of its path.

‘With Rapp's publications, process studias become move
.conprrehensive and analytical. Rapp attempils to sssess the relative
impertance 6f a $et.of processes; and concludes that rockfalls ars

mere important than rockslides and avalanches in debris slcpe
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formation (Rapp, 1959). The same author (1960a) classifies movensnt

" in and from a talus slope according to three séts of processes which

are debris supply, debristshift énd debris rqmoval_on avslopa,

A cortinvous study of active slope processes is also made in

" nowthern Iappland over an eight year span (Rapp, 1960b). The mass

- movements characteristic here are an elaboration of those previously

mentioned (19602), and are:-
(2) féll§.the ra§id indiyiaual=moﬁément $f>pafﬁicles-by free-fali t ' .
or by leaping and bounding
(b) slide,'slip,'slﬁmp{'the"répid'mass'movement along slip planes
(c) flows: the rapid flow movement of a fine, saturated regolith
(d) creeps the slow imperceptiblermovemenf of debris
(e) subsiiencé:’the sinking of debris dvér caVifies,.and'compaction.
 Rapp stresses that quantitative slope studies must consider both
‘continuous and sporadic ﬁrécessesi.éven'tﬁough'théyAaré rather
difficult to compare in terms of quantity of debris transported. He
-ranks slope processes in Harkevagge in the foilowing omief~of
importance:
(a) removal of dissolved salts
(b) earthslides and mudflows-
(e) dirty avalanehes, rockfalls and frost weathering. S e
V(d).solifluction ard talus éreep |
"~ (e) slopewash and wind erosion, |
Among his reccmmendaﬁionS'fof fufﬁher studys’Rapp‘calls for
-8 greater e%amination‘of both sporadic and cén%ihﬁdus processes. - He
poses  the question ¢f whebther or not recent debris slope development

is the result of dominant sporadic and catastrophic procssses in
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every type of enviromment (Bapp, 1960c).

"A noteworthy categorization of debris slope processes has
resulted from_Tho:n?sf,(1958),application_of queuning theorynto_debri$_
slopes. Thorneé groups slope pfaéesses into three'éeté of variabiés:-

(a) input processes; ie. those which cause debris to arrive at the

top of a slope

- (b) queuing processes; ie. those which affect particles cn or. in

tﬁe debris slopes

(e) 6utput processes; ie. those whereby particles are removed from
the foot of a debris slope to be transported elsewhere. They
are related to magnitude and frequency of the operating removal

processes.

- Thornes -suggests that the rslationships between variables and attribute

may vary from time to time under different environmmental states.,

(3) Morphclegy Studiss
. Descriptive accounts of debris slopes have, in the paét, baen

concerned with the various geonetrine gséacfs of form; énd on1y>
occasioﬁaliy have slopés been treated as sedimeﬁtary deposits with
distinctive particle form. . Geometric and sedimeptary fcrm,»the two
aspects of morpholegy, are reviswed in this section.

The mean slope angle or inclinaticn is a descriptive parameter
of slope form continuvally mentioned Ey fiéld workers. Betwe (1933)
observed that the mgximum sngle of rest for bare slopes, regardless of
réckAsize,:wgs 42° in.alpine areas above Lthe timbervlina. The wost
frequently observed angle was 36.5°, -iiner (193%) reported

exceptionally high and stalle debris slcpes in the Gzspé Peninsula



‘with angles ranging from 36° to 40°. In scuth Britain, Werd (1945)

observed‘slope angles to be characteristically 30° to 35° for dry,

~~ gravitational cones. . Rapp (19602) reports debris slqpes in

Splthsrgen ranglng in angle from 29° to 40°; while Andrews (1961)

found a characteristic angle of 35° for toth Wasdale (England)>and

- Labrador slopes. Tinkler (1966) finds a characteristic anzle of 35°-

and a limiting angle of 36° for debris slopes in North Wales. Caine
(1967), working: on selected Paswanien slopés, did not fird any slops

angles greater than 40°; while Rocky Mountain slopes studied by

- Gardner (1968) did not exceed 359,

. Young (1960) has defined the characteristic angle of a slope
as cne which most frequently bccurs;,either on all slopes in a region
or under particular climatic or lithologic conditions, Limiting
angles of slope are. similarly described as those which define the

range within which particular slops surface features oceur or

- particular processcs operate.  Yeung's termlnm;ogé is preferrved in

this study.

 The geometric form of 2 debris slope also includes its profile

- forms Profiles are usually associated with slove angle, axd display

characteristics of three general states: convexity, concavity and

rectilinearity (straighi). Both slope profile axd slops ancis havs
A T P L34

been regularly associated with the sedimentary characteristics of the
o

' depbsited rock debris. Miner (1934) accounts for the compactress ard
‘rigidity of the steep but stable slopes by the elongated shape of

fragments and their downslops imbrication. -Andrews (1961 )- has

explained the overstespening of plaly materiazls in the same fashion.

but credits an upslope imbrication,
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In contrast, Van Burkalow (1945) sugpests that it is the angular;

- Y

coarse-grained znd massive material which causes steep slopes, while
platy, smooth elongated fracments create a more-gentle sliope.

' Van Burkalow hes also assebaeﬂ »he relatlve 1mportance of
varicus slope parameters. Wheu size and uhdfP vary together in
.4perfect1y sorted matevlal, shape appears to Le the controlllng factor
of slope angle. But since debris slopes are 1npcrfect£y sorted,v
slops angles will vary directly with size of fragments. VWhen fragment
shape is uniform, the slone angle varies 1nversely w1th size of
material. The influence of size 1s evident only in perfectly sorted
maierial fecause when &.Siﬁé mixture occurs, cohesion develops in the
mass and allows a stesper slope to be walnnained. Eard (1945) regards
siope angle as a function of compaction which is directly conditioned
by the shapo of the constituent boulders. Andrews (1961) emphasizes
the stronv velaulon,nip o»tdenn ‘slope end shaps of materials.

Gardner (1968) has found the surface inclination of 2 slope
to increase with distance from the slope bass. As a result,.concave
.profiles are characteristic of aipine.slopes. hs the top of the slope
is approached the concavity apnvoaches rectilinearity.

Since rock debris slopes are sedimentary deposiis of 2 primery
form (Griffiths, 1959), there is a need to survey the various comments
made on the debris characteristics, su uch as s:ze;’s ap,,:and'
arrangement on a slopc. When rock debris is separated from a frée«face

~and falls onto the debris slope,'aACrudevéiéerorﬁing is generally
reported, although there are confiicting rercris, Bshrs (1933) for

“example,; deszcribes debris slopes where the lavgest fragments lie near

the slope top with the smellest at base.



Van Burkalow (L9%45) acknowledges the common case to be cne where & -

“crude sorting occurs with a downslope increase “in dsebris size. Rapp

- (1960a) points to.fall-sorting as creating downslope size increases.

on Spitibergen slopes. The height of the fres-face, howsver, may

cause a reverse fall-sorting since a grewing talus cone will

~ “ineressingly cover the rockwall and allow low falls to predominate,-
. In this way large blocks may fall short distances onto the top of a

- slope with no substzntial downslope-movement.  Behre's findings are

therefore -explained in terms of slope dsvelopment, & slope composed

of extremely flat frasments may also show a reverse fall-soriing.
(<3 (&)
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Rapp (1960b) mentions that kinetiec erergy, particle shape ard surface

roughness are the m2in factors controlling distance of travel of a

rock fragment.

Andrews. (1961) has aleo found a crude downslope increase in

to dispilay a wide variation in degree ard extent of-grading, while
size grading in platy debris is wors regular over the length of 2
sloﬁe. These observations Andrsws feund to be compatible wit .the
difference in degree of packing observed., Caine (1967), howsver,
found the variations in fragment size and sorting over selected
Tasmanian slopes statistically insignificant., The visual trend

towsrds downslope size increases are therefore not ststistically

justified. Gardner (1969) fcurd debris to be poorly sorted on Rocky

the talus; so that with increasing distance from slope basze a
logarithmic decrease-in average particle size is characteristic.

Concerning debyris size and shzpe, Griffiths (1959) expects

fragment size on the Wasdale slopos. Sub-argular material is expected.

Mountain slopes, The size distribution is log-normal at any point on
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these variables to be homogeneous‘iﬁ>Variatipn, with 1little or no
1ayeanv of deposits b@cau ¢ a debris slope regr cents a very early
s»age in the dispersal of source nauerlal. qardner (1969) cites rock
,1ithqlogy.as influsntial on debris size and shape;'espgcially in arezs
of mixed lithology. King and Buckley (1968) submit that size and shape
variables are not well-correlated, énd thus shape variations are related
only to wvariations in depositional processes. Roundness Qélues ére
~of 1limited vse in debr;s elope ﬁtndl ince materlal is 1nvar14blj
angular or subangula%c |

Fabrlc orienta t¢cn 15 ons aspect of the sedimentological
characteristics that have only recently been treated in detail.
Caillsux (1947), Hamelin (1958), and Klatka (1951) have derived
quantitative indices ol size ard fabvln characterlstlcs which 1rdlcaba
that orlentatﬂons are allgncd vwith local slops dlrectlonss Rapp (1960b)
-recorded thp orlentaLlon of ston a8 et the edge of & mudflow lobs as
transverse to the flow directicn. Long axis orientation on dry,-
gravitational cones is preferred downslope but not pronounced bacause
tﬁe rocks interfere ﬁi h each other's movemsnts. The general point
brought out in Rapp's work is that orientations differ according to

the slope process in coperation,

It is insufficient to consider and then abanden the various
.aspeﬂts of slope fOrm ard slope processes as separqte entities; for an
appreciation of- both requires knowledge of the ways in. wn¢ch they
affect oach other, Very few attemplts te deliwlit these relationships

have been made, the wajority of thesse merely touching upon the vossible
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-caﬁse—effec£ relatienships,whibh séém to be in evidence on ths slopasz. -
Carson (1969) recognizes this problem by relating that much current
work is trying t5 establish‘controls of the rateaof‘pps:ation.of
certain processes only to infer the dominant prScésses;' Tbefé‘5£iil
‘remzins the issue of detemnining the geometric changes associated
with specific processes. |
_As early as 1945, the influence,of_varioué processeé upqh,
- 5lope profiie was recognized. VahlBurkalowfnotedvthat“%até of debris
supply, downslope movement of large boulders, inclination'qf slﬁpe
base, plan-view curvature of the slope and:height»ofAfall of debris-
all contribﬁte {o concavity or influence the shzps of the slope
profile. Rapp (1960a) divided hiS'Spitzbefgen slopes into grouvs
based upon messured profile and -surface forms, according to the
dominant processes observed. Differences in slope angle and profile are
believed to be the effect of various types of transport processes, and
.the fact that.perméfrosﬂ lies bhelow the surface seems to have very
little effect. The shifting end removal of,ﬁaterial, sgys'Répp isbt'
levelling factor of 2 slops, feducing-it.fr&m‘a cﬁnvex:debris slope
accumulation to a low-angled concave alluvial cons., Some of theée
process—form relationships operate_in,a‘syst_m with negative feedback
(Carson, 1969),. since most debri5~tran§pari processes depend partly
on éngle of slope. Hence in a case where the result of debris
transport is to lower slope angle there exists a mechanism which
reta;ds tﬁe oparation qf that»process.
Again based on observaticn and induvetive reasoning, Rapc (1960Db)
‘verifies Van Burkalow's (1945) earlier ides that height of fall of reck
P

debris affects th

Q]

slope prefile, and-notes that high, widespread falls
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tend to crezte a more stable, less steep concave slope than do lower
falls., There are, howsver, many g&hgr coﬁplicating factors in
,prgfile'deyelopmentzsuch‘as frequéncy<and,s§urce'of,the rockfalls,
ffagmént cﬁafacteristics;_éccurrence of vegéﬁation and the presenée of
-a basa1 sapbing mechanism (King, 1965).

ttempts to relate particle shape, size and arrangement to both

geomstric form and process on a slope have been few (Céine, 1967).

- Since pariiclé arrangement is.primapilyvdetepmined by ﬁhe‘type of
process operative, this paramester is useful in recognizing the relative
importance of a set ol processes which have produced and modified the
slope features. Andrews (1951) recoxds a downslope orientation of long
axes of shale‘debris on a gravitationalnformsd_s;ppe. Where the long

~axes are inclined at an angle to‘the sliope directiﬁﬁg the causa
factor is local slope failure. Rapp (1960b) maintains that downslope
orientaticn on dry graritational comes is due te individual gliding or
sliding novement of particles, while transverse orientaiion is -
explained as the result of the rolling of stones.

~ Caine (1967), however, finds a lack of dircclional preferences
which are significant, and mainiains that a random or uniform fabric
is te be expscted on a2 dry, gravitational ;one,-#nd that fabrics ars
a responss te rarndom processes of talus acowrilation arnd creep. Cn 2
smooth, inclined plane, debris sliding gives a dovhﬁlo*a and rolling
a cross-slope orientation; but because a.debris slepe is not smooth
but rough-surfaced, there will ba Aqfstrong erientgtionslin any
direction when accumulation by rockfall is the major facter (Caine,
1969).

The most recent wmajor study of process-—morphology relationshirs
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has been produced by Gardner (1968). Working in' the Canadisn Rockies,
Gardner has éstablishedvsix mz2jor linkeges among geonéréhic'elements:-

| (2) a linkage betwsen environment and-weathered material -
(b) a two-way linkagé Eétween.éﬁvi}onmeni énd sléée proceésés
(c) 2 direct-connectioh betwoen environment ard debris slope form
- (d) a twé-way Linkage between the Wweathéred '.maté'rial ard “the slope
| processes
(e)-#.linkagé between.Weafhered matefiai’an& the slopéAform :
(£) a two-way linkage between slope processes and slope Fform.
Certain of these elements have been treated eXtensiVély in the
literature; while others néed much'gréater éttention-froﬁ

geomorphologists. It is Gardner's recommendation that thsse linkages

‘be eXplOreﬁ,”expéhded‘and applied in other rorphoclimatic regions in

order to test their spatial wvariations,



CHAPTER III
THE SEITING

(1) Geoldgibenvironment

Devon Island is wnderlain by Palaeozoic strata which lie in

}_h

a wes tward~dipping honoclinal succession of the Jones-Lancaster Bas n,
called the Devon Homociine (fig. 5). This homocline appears to be the
eastern llmb of a ma;or syncllne, its axis lying along Wellingten
Channel and its western limb along the east coast of Cornwallis Island
.(on.fForﬁier.in Fortier et al, 1963). The lower Polacozoics within
uhls area have an es tnmutea th i&l sé of SSOG'ﬁetreé (Thorsteinséon,
1953); and are collectively'knnwn ss the Read Bay Formation., Of
predominantly Middle and Uprer Siluriaﬁ strata, this formation extends
south under the northern coasts of Somerset and western Baffin Islands,
South of Lancasier Sound the Rsad Ray beds appear to lie across the
séutherlynstriking Devon Homocline, likely dus to normal faulting aleng
Lancaéter Sound (Y.0. Fertier in Fortier et al, 1963).

‘The Radstock Bay-Beechey Island area is mappsd as bearing rocks

of Carbriun, Ordovician, and Silurian age, although the lithological

and favnal ev1d°nce reveals that the beds are move specifically Uppar

Silurian. Tbey are westward»dl coing and consmst of dolomitic

limestones with some interbedded conglomerate limestone; argillacecus

Jimestones; silty limestonés, erincidal limestones, calcarszous shales
‘and chert. These have been broadly grouved into two c¢lasses Tor

field study, namelyi-
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(i) ‘silty, argillaceous,; and dolomitic limestones

(ii) crinoidal limestonss.

" ‘The only- stratigraphic sections mapped in the area are approximately .

350'metrés thick (H.R. Greiner in Fortier et al, 1963). Nofth of
Beechey Island a gentlevahﬁiclinél flexure is fbund:with jts axis
trending slightly northwest (fiz. 5), and is believed to have been
formed at a period later than the establishment of the Devon
Homocline (H.R. Greiner in Fortier et ai, 1963). On the'south of this
fold at Beochsy Island, beds dip 20 to 3° south, while on the north

side at a point six miles nerth of Caswall Tower, beds dip 1% to 2°

’ Ylb};‘th .

The dominant geomcrphic feature of the area is the 320 to 400

{re high Barrow Surface, the ercsional remnant of an older and

me
higher surface thought to have been eroded sub-aerially during the
Portiary uplift (3ind, 1959). The initial graben fault lines of the

area were balieved occupied and widened by a fluvial network which,’

during Tertiary wplift, began dowmcutting to create the present-day

pattern of channels in this partlﬁf the Queen Elizabsth Islands

(Fortier & Morley, 1956). This'péttern méy have been accentuated by -

‘glacial scour during the maximum Pleistocene ice stage.

The extent of Fleistocene glaciation in the Queen Elizabseth

Islands is generally unclear. It is assumed from available evidence

ﬁhat(thebmouniaihs ard uplands of Ellesmere, Axel Héiberg ard Devon
Islands were covered Ey a single ice sheet. (Bird, 1967). The
erratics of Precamﬁyﬁan greiss and granite found on tha”surfaceé of
plateau areas ars the most'obvioué irdications of an ice cover.

These are located well sbove the post-glacial marine limit and could



Figure 5

Geologic structure of southwest Devon Island

 (from Fortier et al, 1963).
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-not have becn rafted there by seamiée_(King, 1968). Over most

sections of Devon Isiand, the ice sheet waS'uthnfined'by
topography, and the welccity of basal ice was so low that it appsars
to have playéd more of a protecfive role then an erosive one.. Glacial
modification'of the landscépe wéé lérgely‘csnfiﬁed to the valieys which
served as outlet charnels for the interior ice mass (E.F. Roots in
Fortier’eﬁ-aig 1963).

Tt is believed that the greatest effect of glaciation lies
not in aﬁy-depoéitional or erdsi&naltcont6xt but in the resulting
isostatic uvplifi of the land surface once burdened by the welght of

ice, Between approx1mate 9450 years B.P. and 7000 years B.P.,

- isostatic uplift began to exceed the eustatxc rise of sea level

caused by melting of gldclerq (King, 1968), an ‘event whxch made the
sea regressive on the Devon Island.shoreline. In censequence,
recently emefged.stranilines are found éloﬁg the south'coaét up to

a height of 95 metres (Bird, 1967). This level is comparable to thoss
raported at Resoluta4Bay-(99 metres) by Bird (1957), and those on the
horth coast of Devon (106 metres) reported by King (1968). Even
above theee levels, marine shell fragments can be found (Bird, 1967).

On south Qevon, wave-cut rock terraces indicate a len hyvstlll-stand

~ of the sea at heights 11 to 30 metres above present sea-level

(E.F. Roots in Fortier et él 1963) ‘There is no e#idence bf'tilting
of the Island aurlng em°rgence. |

Present rates of recovery of the Island ave varied, the
ma.jority being based on archaeclogical evidence., Fortier et al (1963) -
suggest a net dourvard movement of the larnd by 3 metres siuce the

Pleistocena.
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King ,(1908) from work on north D“Vvﬂ Islana re“ortg that the rate of

1aostatlc upl;ft haw been s teadily decrea51ng since ?OOO years B.P.,

with the result that isostatic equilibrium has at present been

attained. Collins {195L) favours a continuing emergence in the area at
a rate of 0,15 cms per year. The only detailed work on southwest

Devon, by Owens (1568), suggests'a continuing net emergencé of the

land, From these varied comments it seems reasonable to assumé that

emergence of the land is occurring in relation to sea-level but at 2

" pather slow rate at present.

(2) Climatic Environment

Climatic data for the study area is sparse, althouﬁh reﬂonﬂs_

“kept at Resolute Bay on neighbouring Cornwallis Island can b= used as.

general indicators of Radstecl: Bay climatic conditions since the two

 areas are less than 100 miles apart and are at similar 1atitudes,

- Their records portray the‘periglacial.conditions_which exist and also

provide some 1nd10auloq 0P the magnitude and frequency of diverse

© climatic everts which are of significance in this study.

Select precipitation and temperature data for_Resoluté Bay

- over the 1957 to 1967 period has bsen used in poriraying general

climatic conditions (Appendix I), Mean annual precipitation for this
pericd reaches 4.8 inches, a figure indicative of the virtual
"desert"” cordilions existing in the area.. July has the highest mean

monthly precipitation; a meagre-1.04 inches; while August, September

- and- October follow in order. as the next weltest months, Precipitation

does not exceed 1 inch in any of the laiter three months of the year .
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Mean air temperaturescalcuiated for the period 1957 to 1967

at Resolute indicate that swmesr months ave cool, with the 37°F mean

recorded for July ranking as the highest mean monthly temparature.

Maximum tempsratures, however, often reach 50°F in mid-July. Meaﬁl

. temperatures are beloﬁ‘ooF for six months of the year and bslow 32°F

| for ten months out of twelve. Daily temperatures first begin to
climb above the freezing mark in June,  Temperature data for a cne--
week period in October of 1969 hés also been collecteﬁ and seems to
conform to the general patiern of the Resclute climatic data
(Appendix I (2)).

Wind data is of importance due to its effects upon wave
activity and sea~ice movemenfs in Radstock Bay. Again, wind data for
Resoluts Bay can be used to approﬁimété the étudy area~conditioné. as
seen by Appendix.I (2). Thompsen's (1967) summary of wind data at
Resolute from 1951 to 1966 suggests that prevalenﬁ.wind diroction is
northwest for'eleven months of every year., In the summer of 1969,
Resolute data indicates that winds blew from the east-to-south -
qﬁarter over the remaining monthly pericd July 21 te August 23; while
in 1970 predominant wind direction was northwest. In connsction with
wind data, two perieds are singled out for their relevance to this
study, These are July 25-28 aund Avgust 11-13, both in 1969. These wsre
periods-ofvcontinuous southeasterlies which gusted to 20 m.p.h. in the
&mwémto%nwm.m%ml%%rmm}md%wdwﬂﬁwﬁhmé

‘right water and ses-ice conditions these pefiods of wind greatly

- influenced the form of debris slopes along the;Cape Liddon coastline,

(3) Geomervhic Envirorment

13

Devon Izlard has been describsd as one of the few activs



periélacial,areas which most‘clééflffi;dicatewthe interaction of
glaciation, frost action, fluvial action and marine processes -
(E.F. Roots in Fortier et él, 1963). Thefe are five general landform
 units within the study area, and this particular section attempts to
place them within the frame of reference described above. These units
are the plateaun, the cliff and- debris slope—zéne, the relict béach
zone, the active bezch zone, and avsmall lowland area. -

The plateau reflects most clearly the presence of the Barrow
Surface (III, (1)). Ir the study area it dips westward at a2 slight
angle, is elliptical in shape, andvreaches heights of4350Ametres; The
- plateau is interpreted as a relict feature which has been uplifted ard
subsequently dissected, and is characterized by a relatively featureless
top surface which is covered by a drifit-like material termed “rubble"
(Bird, 1967). The rubble is composed of fine silt or clay,
apprﬁximateiy OngAmetré thick;'and»contéinSjlgnesténé partiéleérénd
erratic rock fragmenis (Bird, 1967). The surface is mainly vegetation-
free.exceptvin poorly draingdAsectioﬁs where mosses delimit stone
stripes and pools of waﬁer. Elséwhere,'paiterned ground nets ahd
polygoné as wellAasAfeisenmeer have devéloPéd én the exposed surface.
Tﬁe plate;u ends ebruptly on all sides and grades down'steeply to
‘enter.the.next lardscape unit, the ciiff and‘dgbri$~§l§pe zone;

Cliffs occurring at the plateau edge are either thoss .which.
. £ogm.the:pr§s§nt coastline of the area or.those<whichiwgre cpastalv
~eliffs in the past but are now elevated well asbove marine action ard
are debris«éaverpi...nany of the 1at£er display mzrine triw liﬁes
near Base.or.héve mﬁrine ierraces deﬁélopéd below them. A regular

| 'cgntinuum-ef debris slopes is found below both types of cliff, and
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these are composed of limestons fragments derived from weathering of
the cliff-faces themselves. Slope form ranges fronm convexity through
rectilinearity to concavity andithe angles ars generally steep. The
amount of exposed clif’;face varies with degree of slope maturity,
being quite extensive along the coast but almost negligible on the
more northerly edgs. The cliff-face is likely retreating Sy the
process of paraliel backwearing, where the debris slope reflects the
.angle of the urderlying rock slope (Bird, 1967). |

The relict beach zone serves as a buffer between the cliff ard
debris slope areas of the coastline and the sea. During de-glaciation,
a transgressive sea covared the area as the ice frovt first retreated;
. but when the land began to rebourd, a sequencs of beaches was deposited.
‘The present raised beaches have individual heights of 1 to 5 metres,
but coilectively form a continuoﬁs zone which in places extends as
much a3 S0 metres above present sea-levels Tke width of the relict
zone varies, being generally absent from the Cape Liddon headlarnd arsa
but gradually widenirg iﬁ a norta erd west direction as the platesu
trends inland. This zone reflects the complex depositional processes
to which it hes been subjected. |

The medern beach zone in Radstock Bay has been studied by
Quens (1968), and Owens and MeCann (1970) who stress both the
important but negative role of ice and the rcle of storm waves. It is
the enérgetig storm waves which produce the beach zone's main
characteristics of a steep beach-face slope and a High Water Mark
ridge. The beach material is composed primarily of pebble-sized

gravels, while sand is generslly absent. Longshore transport of
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and it is believed that Capé‘Liddcﬁ provides the majority of -the
transportod sediment (Owens, 1968¥4¥dormal wave action is limited to

- eight weeks of the year, and the zcne over which-it can zet is very
narrow; so that one would conclude wave action to be currahtly not -
of any great.importance. |

of thé lardscape units, the last is an extensive lowland area
which lies between Gascoyne Inlet and Eadstoék Bay south of Caswall
Tower., This narrow stretch of lowland connects with an ancient rock
" bench further north which runs eastdwést from Erebus Bay to Radsﬁock
Bay (E.F.'Roots iﬁ Fortiér et al, 1963). The WHole“a}ea is similar
in appearance, andvforms the bnly.extensive lowlard area on the south
éide of Devon Island. Covered with marine deposits and plateau-
derived materials (both of which have'beenlfrequently soliflucted),
mich of the lowland is vegetated. Patterned gfound features, both
: vegetated'end Earren..are~wide$pread. There is aﬂrabundanqe of peat
and grasses in the depressed areas, and soil development here is in
its initial stages. | |

To complete the pattern depicted by the five landscaps units,
attention is turned to two elements which are characteristic to all
‘of them, - These are the preseace of surf#ce drainage and of mechanical
weathering, Surface drainage is geﬁerally dis—organized,; and the oniy
éﬁceptions are the fow large streams which occu$§"deﬁp'V~shépai
valleys and flow into the ses, These streams are in flood only during
'the late June peak melt period., ard those wﬁich do not lafer dry up
completely experience reduced volumes of flow for’msst of the surmesr
period, The Tuland plateau area also provides a great dsal of

mnoisture to the lowlard,



30

Here, streams cascade cver the plateau edge at several locations,

disappear beneath debris slopes a  ”@%§%ge at the base to mearder
‘dowmn towards the lakes and ponds of the lowland. These lakes and
poﬁds are extiemalyvshallow and drainage of their waters into
Gascoyne Inlet_is‘a slow process. In sarly July the results of the
peak melt period, coupled with a continuous meliing of permafrost and
snowpatches, causes 2 complete saturation of the active zone-of the
ground. In the coastal cliffs several waterfalls occupy gullies in
the roclwall, but the water tendé to dissipéte upon reaching the beach
gravels and does no significant erosional work in the beach zone.
With the exception of the active bsach Zoﬁe, mechanical
" weathering appears to be the dominant process in rock erosicn and
disintegration in each of the landscape units. This process depends
vpon climate and lithology, both of which are optimum for the area.
Mechanical wezthering inmwvolves stresses generatad within the rock by
the growth of ice or salt crystals, by temperature chaﬁges, wetting
and drying, and by organié activity (King, 1963). Several of these
stresses may act in unison, Frost-riving is accepted as the wajor
form of mechanical weathering in a periplacisl climate., Moisture has
an impértant role for it is the medium which entérs the rock along
joints, pors spaces and fractuves to exert pressure vpon freezing in
a closed system within a rock nass. Taber (1918) has shown that the
growth cf ice crystals in freezing has P disrnﬁtive effect on: a rock
mass; for ice crystals exert pressure in the direction of growth.
Growth is more easily facililated in the porous, relatively psrmeable
finewgrained'rocks; ard sedimentary rocks, which exhibit numercus

bedding planes are knoun to shatter quiekly.
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- Bird (1967) estimates that the thin-bedded Palaeczoic limestones can
shatter to a depth of ".15 em inviéssfﬁhan‘IOOO'years. The rock

- dnitially shatvers as<angular plates and blecks whose sizs is largely .
determihed by the den31ty ci.verﬁical jointing anﬁ-the aistéhéé'between
bedding planes (King,v1958).

Climatic information hasAoftén beenAused'to assess the relative
1nten31ty of mechanlcal Weathpv1ng by the calculatlon of the number
‘of freeze—thaJ cycles. - It is known~that the number of temperature |

fluctuations across the freezingtpoiht is lower in the Arctic .
Archipelago than in southern Cansdaj; and'consequenﬁly the'once}widelyb"'
held belief that such fluctuations acecount for the prefailing intensity
of mechanical weathering in the Arctic is unfounded (Cook & Raiche,
1960). | -

Raised beach materiél ma& Ee affected by chemical ﬁeathering.
'although~it is regébded és an insignifiéaét prbééss-inithe Highgﬁrctié;:
Some pebbles are faceted by solution on top aﬁd covered with a -
travertine deposit(on~tb§ir undersides (Owens, 1968).  Oxidation of
'raiSéd beach deposits may occur, and'samples ﬁear‘Caswall Tower showed
, 23% iron oxide and 22% aluminum oxide by weighi. | Chemical veather¢ng,
“however, seems restricted to the boach gones and its effects elee-
where are nob profound. - - e s

The active beach mone is regarded as being affected by neither
frost-riving nor chemical weathering, Beach pebbles are protected by
shorefast ice for ten morths of each year, while during the open-water
peri;d they are protgcted‘by_the medium of,water; Physical abrasion
- of the beach material through its longshore rovements is 11(ely +the .

only significant ¢ @sc of weathering in the active beach zone.
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(4) Selected Locales

o

~Within the general settin&mgi§q.specificvlccales were
investigated; and although a number of different_distinguiéﬁing
criteria were considered, the following slope grdupingS'by‘area.wére
devised = | -
(2) Caswall Tower tzlus sheets and talus cones -
(b) Northezst inland plateau talus cones and scree slopes
._(c) Capé Liddon talus coﬁeé-aﬂd-talus-shéeﬁs
(d) Cape Rickgtts taluS'cbnes and talus sheets.
-The first locale described ‘is Caswall Tower, a -circular-shaped
plateau remnant composed of horizontally~bedded Read Bay limestones,
- The Tower rises 195 metres and on its sieepest side lies adjacent to
’the modern beach. Forming a continuum with the Tower edge are two.
elévatedlgravel beach ridges vhich tapef off in two directicné, one
_inland to the west and the other north along the aoastline;(fig. 6).
On the Tcower's western side, belween the twe ridges, is fourd a well-
developed talus sheel formation which grades laterally northward into
- coalescent cones. Moving’eastward the type of slope alternates between
talﬁs sheets and talus cones developed below a Wéll-dissected Qnd
increasingly steeﬁeningréliff-face. The easternmost édge.of the
Towver is algo its seawardmost sector, and slopecs here are separated
from the sea at hich tide by only 2 few meires of beach front. The
active beach widens in both northern and southern directions, amd
coupled with ths gradﬁal-appearance of 2 relict beach zone it provides
increasing protection from ice-push and storm-wave activity, The
majofity of tﬁe degris on the protected and uwnarffected slopes on all

sides of ithe Tower are colonized by lichen, which suggests that



~ Figure 6

Geororphic map of Caswall Tower

“and location of investigated slopes.’
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mechanical weathering is not now és intense as it had been in the past
when the majority of the blocks were broken from the ciiff-face. Seven
. slopes were selected in the Caswall Tower localéﬂfér-intensive study, -
'- The second locale studied is a srecti'o»ﬁ of the debris slopes
which lies along the northeastérn edze of the major plateau., The slopes
here grade down from the Inland plateau onto a wide depreséipn which is
ifloored-by ancient lagoonal deposits (figf 7). A wide band of resistant
dolomitic limestone is visible mid-way up the debris-coversd rock faces
and though of limited lateral extent the fresuent gulleying of this
outcrop has given rise to the several huge talus cones fourd beneath.
Thése cones are characterisiicalily gulliéd by meltWaterrchannels and
display lobate "flow" features in assceiation with them. The méjoriﬁy
of the siopes are sgree slopas ex%ending ffom the vzlley {loor to the
plateav top., Four slopes were considered for study in this locale.
-The~thj1€.locale investigated is the Cape Liddon coastal éone,
the site of many actively developing debris slopes (fig. 8). The six
slopes considered lié along the southcastarn and“southwestern
extremities of the Cape, below a well-dissected cliff-face 200 to 300
metres in height. Both talus cones and talus shoets are found here.
Individual céneé do not appear te have éoalescant'aprohs_but_rather

b I,

are separzted by distinctive sheebs of debris accwmlated from the
overiying cliff-Tace, Some slopss are devéloped'over wave=~-cut vock
platforms whose-éeaward-edges often jut cut élightly‘from teneath
$IOpe basés. At>high_tide-only a few uetres éf gravel‘beach
separate the fool of ths slopes from the eroding effects of wave
acticn. The Cape Liddon slopes face south syd southeast in the

direction of longest wave felch; & situation which in times of strong



Figure 7

Geomorphic map of the Inland plateau edge

and Jocatiecn of investigated slopes.
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- Figure 8

Geomorphic map of Cape Liddon

and location nf investigated slopes.
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southerly winds couple& with opene-iféter conditioné méy leave them vprone»
to attack by ice and wave abra.sion, |
» The f:mal 1oca1e elected for study is the cl::_f'f ard debm,v
| slope zone of Cape R:Lﬂxetts (J.lgo 9) - Slopes here are both talus
sheets and cones w'hich together extend_ contizmously from sou_th to
north along the platcau edge. The slopes are protected from marine
action by a ser}_iesl of Welln-defirned- marine 1terraces, a soiifluétion_
terrace and 2 wide expanse of ‘ﬁaiéed'bééche‘s-behind' the modern beach
' zone. . Ths width of this vrotective foreland decreaaes towards the
north and Gascoyﬁe Ihlet. Plateau helght and amownt of eynosea free-
face s:l.m.la 1y decrease {rom scuth to nor»h, and tne ncrthevvly slopes
appear to have over-ridden the once-protec’l.".ive marine and solifluction
f;er:éaée& ‘Thev slopes themselves are vegetation-free, bu%. have been
Jnfluanced by the me‘l.tvater from snow. ard small pools of water on the
platea.u <m~fa e which runs down the well-d 15'.,ectecx ¢liff-face.
Meltwater gullies and 1obate "flow" structﬁres are present on most
slope surfaces. Ton slopes were studied J.n this locale ard én

investigation ma2de of several of the "flow" features.



Figzure 9

(=

Geomorphic map of Cape Rickelis

and location of investigated slopes,
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CHAPTER TV - °

DATA COLLECTION AND ANALYSIS

(1) Slope Profiles

Various methods of s;tope suweying are available, eac;h with its
own advaﬁ’hages; but whatever 'm‘e’chod is selected it must be uf;ed
accoﬁhg to some mannér Aof procedure whvichuis standardized fvor'a]l
slopeé and which can be adaptéd to a gréat variety .of slope cénd'ltions..
A tacheonetric method which emplays the Wild T2 thecdolite ard a
survey stan was chosen as the means of survey:mg debris SIOpes on
>southwes't Devon Island. Othe workers have resort o3 to a simpler |
compass and alt.m‘eter survey (Crompton, 19683 Stock, 1968; for cxample),
which is rmeh less accura,te thzn the tacheomelric svrvey; but it has
the advantage of increasing the time saved on each survey. Since it can
fix the location of points in thres-diménsioral space, the tﬁeodoli‘t.e
is a much more versatile instrument in swvey work.

The tacheometric suwrvey wmethed was used m a manner d.es:".gned
to record irregularities and changes in form in an woslope diresction.
The theodolite was stationed more or less in front of the slops bass,
although its exact po#iticn varied because of the range af' .'dii‘i‘ denlties
encountered in finding suii;,abl,e éites. For eacb ='lo re tx-.«o profiles |
‘Wwere surveyed from base to top to represent the right and left sides
of the slope. Profile lines were svrveyved oav'ﬂllnl to each other when
a2 debris shset was encourntered, while for comcal slopes tha lines
converged together as they anpreached the slope towp. |

3¢
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The major problem faced was the inability on uanstable slopes to

tabllsn or mzintain survey stations higher up on the SlG“b surfacea,

a 51tuat10n resultlng from the predominance of fine-sized debris and/or

the shallcw depth of the permafrost table beneath these surfaces; On
very stéép slopes a minof difficulty arose from the inability to read
thé Stéff when it was positionéd near the top of ihe slopes. Thié
problem was remedied by tiliing the staff in a downslope direction,
which maintains the validity of the survey readings and by special
céléuiatibn‘enaﬁles‘the éorfeét height and disténce valueé_to be
obtéiﬁed: As reg¢rds ‘the problcm of 1nstab111ty, ‘the only’remedy

was to survey as much ef th slope as possible. On very long slopss
the 1mage of the staf’ did not a)wavs exterd across all three
telescopic stadla of the theﬂdolJ,e, anﬂ s0 uhe proflle line was.
disecontinued, It would have,becn-possible to eontinue the profile by

re-stationing the instrument upslope, bub it wes balieved that the

existing profiles adequately represented the areas of greatest

morphological variation.

Tacheometric survey dats is converted inte values which are

used to reconstruct the slope form as a series of straight-line

2

segments. Ths segmeris are linked at each field-sslected swrvey

station to create a slope profile. Slope angle is then determined from

" the profile. Profile 9nalv91a took place accordlng 1o a msthed used
by ¢ Stock (1968) which prevides description, ccmparisnn ard rank of

slope form in terms of the degree of conformity te an idenlized slope

s

form., This initial assumplion for analysis states that where
structural control and the varicus slope processes are inoperative,

and vhere free~fall of weathered rock debris from a cliff-lace above



.. Iy
‘Aoccurs,lﬁhe aéﬁrié éibba ﬁréfﬁléféfﬁfé;éheé.é éﬁréight.line (S%&ck,”‘
1968) The degreé of'deViatioh frbm this form then ihfers diffefentialh‘
rates of a process or the presenne of d;fferlng Urocesseu.A-Tﬁe‘methodA‘
is essentlally an areal analj51s of proflles cons 1sL1ng entlrely cf
stralaht~11ne segments, Slope "components" (convex or concave
porulons) are dellmlted and used to calculate 1nd;ces 01 convexlty and
. concavity for the whole profile. 'Standgrdization of slope length is
madeto allow the"creation‘cfdiménsﬁ;ahié'ss‘mmb’efs«.:rhi’ch &re most
-useful for purpOSes of com?ariébﬁ; "From these indices a sum and 2
ratio of indices are derlved. ard the proflle is classified accordlng
’to thesr tewma as one’ Jf six types=~ A- h

(2) concave

(b)'concave with minor cﬁnVeXlty

- (e) stralght ,.. | o

J(d) CONVEX0=CONCave (equal) “

(e)‘convet with minor concavit y

(£) convex. . ‘ o ] 7'.

Stock (1968) warns that.this method of analyols is

1neff101ent in that 1t is 1nson51t1ve to- the locallzed ~hanges which -
'may take place on & slops. - On the other hand the system allows :
_comparison of glope form on a guantitative basis, and with the use:df
dimehsionless values a measufe bethe‘rélétive signifiéance of slope
forn céh be made. The soutﬁwesﬁ Deﬁén:siope-profiles~were placed
within tke various catevo“1es and ranked ace oa:lnvly (table 1). The
profiles for slopes used in this stuﬁy are shown'groupedlbyj}ocality
in Appendix II.(l).

An application of Young's (196l4) approach to profile form



 TARIE 1

' ssification of debris 'slope profiles ranked * rder of inereasing concavity.
Classif tion of deb 1o ofile ked in ord of res 0 t

PROFILE HO. DOMINANT  MWAN INDEX OF  INDEX OF SUM - RATIO FORM
: ' PROCESS ANGLE CONCAVITY . CONVEXITY : S
CASE  (2) g 33.60 0203 .0162 L0365 .8003- o
cASs (1) RI 35.83 L0244 . 0080 L0321 3333 3
cas3 (2) BR 37.02 -, 0261 .0298  ,0559  1.1L427 L
cast  (2) B 34.23 N5 S .00 L0z .00 .2
cast () R 32,10 WOl 0737 L1181 1.6584 5
cas2 (L) R 33.32 W0ks5 LOLh5 L0600 .3182 3
cas2 (2) R 32,94 L0482 L0197 0679 .1086 - 3
cAS3 (1) BR 36,72 .0537 . L0278  L03L5 579 3
cAst (1) R 33.02 . W0617 L0837 . W44 1.357. 0 5
casé (1) R W43 L0661 .0058 0719 - ,0883 2
CAS5 (2] . g 533.00 L0698 . - L0116 0 . .08LL 1665 3
crs? (L) RY 30.65 L0719 0273 L0592 3792 3
cASH (1) - R 32,7 .1017 .00 017 .00 2
casy (2) R 31.68 L2567 .0135 $2702 .0526 2
cLt (1) R 36.23 0001 L0032 L0033 28,7273 1
cr2 (L) R 38,22 . 0008 - .0004 L0012 - L5000 1
ciéd (1) R 24,00 0032 .00 0032 .00 o1
CLs (1) R 32,30 L0113 0056 - L0169 L1995 1
e (2) R 37.02 0203 LOLLL G347 - ,7082 -3
cLz () R 36.12 0608 L0032 . L0640 - 0526 2
CL6 (L) PR 39.97 0699 663 L7330 9.L778 3
cLh  (2) R 37.00 6

0722 0188 0890 2323

&



Table 1 Contimued;

. DOMINANT

. MEAN

INDEX OF

PROFILE NO. , INDEX OF . SUM. - RATIO FORM -
- PROCESS __ ANGLE  CONCAVITY  CONVEXITY = = B ‘

CL3 (2) R 35.42 . ,0841 0302 JA183 L3595 2
CLZ- (2) BR 370 GO ‘ 00857 ) 0031. P ) 0888 ® 03614' 5 .
CLs {(2) RW 36,93 .1225 L0168 L1493 L0138 2
CLS (2) BR  39.33 $2373 « 5657 ©,8020  2.3838 3
v (1) R 33,50 .0358 L0119 S L0477 L3334 3
N (2) R 33.22 |, .0592 ,0072 1 L0664  .1218 2
ING (1) ‘R 31.75 0742 .00 L0742 .00 2

- INk (2) R 31,68 - 0505 © .0075 . 0680 .083% 2
N3 (L) RW "22453 .1559 0024 1583 L0L54 2
w3 (2) R¥ 21.92 +2051 © . 0006 2057 L00% 2
IN2(3) RY 19.78 2064 0083 2177 L0396 2
™2, (2) Ri 19,75 © L2211 . 005k 2305  .0u27 2
RE2 (2) "R 33.L0 .0227 L0107 L0334  .4703 3
RK4 (2) 'R - 3365 .031L 0085 - ,03%9  .2722 3
RK4 (1) R - 33,60 . 0U7L 20035 .0509 - ,0730 2
RK3 (2) RW - - 26.85 o Q7L LOLE8 L0622 L3224 3
RK10(2) R 3k,12 .0509 0092 « 0601 1799 3
RK2 (1) R L 32,90 0520 0065 L0585 L1249 - 2
RK7 (1) R 25,95 0550 0159 - L0709  .2895 3
RK6 (1) R 30.18 .0538 .00 «0588 .00 - 2
RK9 (2) . R » 32. 08 . . 0657 K 0032 ‘» 0689 " 0}4’93 . o 2
RKLO (1 ) ‘R 3!4’0 90 006614' , ' . . 0091 L} 0?55 ol 369 ' 3
RK9 (1) R 31,90 0677 . 008 L0721 .0557 2
RK8 (2) 29.33 . 0690 .00 0694 .00 2

th



Table 1 Continued:

INDEX OF

SUM .

" RATTO

PROFILE NO. DOMINANT  MEAN INDEX OF FORM

: . PROCESS _ ANGLE  CONCAVITY  CONVEXITY. :

RK5 (2 ) R 320 06 ) 071 2 01 59 ° 0871 ® 2214'1 3 V

RK5 (1) R 31.85 0775 . 0244y - .1019 3177 3
RKS (1) RW 129,60 .0838 '.0013 .0851 0157 2
RK3 (1) RW 31.70 0885 <0134 C L1019 L1585 3
RKL (1) R 31.72 « 0906 0115 21021 L1266 3
RKL (2) R 370 .0950 .0023 +0973 .0238 2
RKS (2) R 30, 30 .1389- $0272 S L1661 1959 3
R 24,68 «2319 - . 0628 2947 ,2708 3

" RK7 (2)

Profiles ranked in order of increasing concavity for each locale.

Ke‘y? tofForm:

1: Straight

23 Concavs

33 Concave, minor convexily

ks Convexo-Concave

5: Convex, minor concavity

43 Convex

i



"‘analysi§ was attemp?ed'but'met wi*ﬁ nc SNCCoss baéanf ii reguires
both straight and curved slopa sectors’ of which onJy the cwrved may ve
convex Or CONCave. $tock's metbod_lsvfor stra;gntwllne éewnents on’v
ard thus was the only method of ana1y5¢s anpﬂlcable to the sou»hwest
Dsevon profiles, - R

One should realize the 1imitéti§ns of.slope_profileé,'since:
the most that two rspresentative profiles can offer is a ver&:émall
impression qf:the_cveréli_slope form.. Slope form varies greatly both
“over time and spsce, and one rust be wary of over-theorizing when-
using straight-line profiles to- interpret the events occurring over.
the whole slope surface (Jahn, 1968). ‘Much of the interpretaticn
derived from sou#hneat Devon Island slopé profiles has fortunately

been verified by observation si ﬂce the area is one 1n Whluﬂ various

slope~forming and modifying processes are st 11 actxvely oc;urrlng.

(2) Slope Samples

A po:nt saaning methed was establmshed in congunctlon with

" .
the survey 1ines in such a.way Lhéwseach SLOpe would. be renrecentud in.
surface : na”acverl,ti cs by six aamplo sites of 50 ‘stones eaﬂh (i1g. 10},
V 1

To facilitate compes isons botween seﬂtorq of 2 slope dnd to pra

some regularity in seleclion of sample sites, sach slone was
o £}

primarily on slevé length, The surveﬁ linee which v vore run through
_each zons tnen a;lom three points to be selec»ed along each 1ine. The
two survey lin then becane ﬂample llnec ’rom "h n two rﬂnre,entatiye

n o,

samples ol 50 stones each could be d“arz fro

<

1 -every slops zone,

The S&Lr11ﬁ“ of only six pozzt is justified by the severs

3
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limitations impesed by time and the large number of slopes t6 be
covered. The selection of 300 stones by individual.sample sizes of
50 to représent the total populaii;n of debris Qn“the slope is -
justified in terms of not only time but also of statistical power
;analysis which aﬁtests te the adeguacy of this samplevsize_ﬁor correct -
decision-making in statistical analysis. (Cohen,‘1°69).~ The division
, of a slope into three zones was ae51rable for reasons which inclwde
_the ease with Whlch su~H an arrangement fa6111t6t°S conparison o?
various areas on slopes of'differinw dimensions. - It also eliminates
'”the task of devising a sampling grid for each separate slope. A more
detailed discussion of thes sampling procedures and their feasibility
will be fourd in Apperdix ITI.

“The system adOpted requlrea that for each site a2 metre-squave.
 grid frame was placed over the surface with two of its four sides
parallel to +he general downslope dlrectlor. The frame was then ..
photographed to record the arrangement of the undisturbed dehris (plate
“1). From the 81 stones ypothetically available for sampling beneath
all.grid intersections, 50 were removed and the following dimensicns
were measuredi-
| (2) A exis: maximm length (mm)

(b) B axis: widih; weasured at right angles to A (mm)

(e) C axis: thickness (mm)

(d) rock weight: measured on Ohaus Hand Balance {gm)
| (e)-rock'fype§ one of two.major'types (III; (i)).

The data for orientation of surface debris iSvdefived from
the photographs of the samﬁle grid, according'to the method deseribed

by Caine (1969],



by

In this procedurs, deviaticn of the apparent 1ong axis of a stone from -

" the downslope direction is recorded directly into one of nine 20°
P LY

claSSes. Vector analysis vas émployed‘to determine mean orientation
dlrectlon and strength for each sampLe (Curray, 1956) The various
1evels of significancz of the orlentat¢on samples were determined by

the Rayleigh test tzbles in Curray (1956). A check upon the validity

Aof the photograph;c method s use on southwest Devon Island was

vpﬂlfarmed, ~~nd is dlscussnd in Appendlx TIT, -

Measurement of individual rock Fragments provides data which

‘can be manipuléﬁed to produce Several-statistics'déscriptive of both

size and shape. - Size paramsters chusen for use in sediment stud

have varied freply beiween the three axes measurements. King & Buckley

(1968), for instance, use long aris to dnstinouisn betwesn ‘i'é bf

sedlment in various depo 1t10na1>env1ronmcnts' Crﬁ%DtOh (1068) uses
1nterweﬂ1ate axis for determsnatlon of size. 50 ftﬁng over. sTGpns' wh;le
Caine (19 7Y haS derlved size by-expres .~ng-stoneavolume and a -
correctlon faotor as a nomAnal dlameter ard vonvertlng Lt to ph1 un;ts.
King & Buckley (1068) also make usa of long axis mean and standard
deviation to express size sorting values in dimensianless teris,
enabling an asscssment of overall size differences beiween samples.
These measures were a1l considered in the attempt to deiermine size
sorting trends in.the study area before long axis measurements were
flnally sclected as the most suitable size parameter (Anuendix I11).

Another valu,ble use of ax1s measnremente was to compute the

follow1ng shape parameters'-

(a) flatness (Caillewx, 16 #5) (¢+b/?c) X 100.
, 3 -
(v) SPhﬁ?lCitV (Krvm ein, 194): / (bc}?az.



Figure 10

Sampling grid ,employéd on

debris slopes of 'southﬁest Devon Tsland

L8
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"data beconmes -subject to treatment by parametric statistici a

49
Roundness, generally aCkﬂCN*GdFCd as a.-valuable assessor of varying..

energy and process situations for many depositional env;ronmﬁnuu, is not

relevant to primary slopeideposits_in a.periglacial“settinv‘bacause'the

material has not been nodified from its frost-qhatter Jnuerived

angularity. Sphe?icl y prov'des an index to the equallty of rock

dimensions and is strongly associsted with lithclegical factors such as

width of beds, number-of planes of weakness, and the density and spacing

. ofvjoint'pattqgns.; Both 1atness~and;spherieity,provide a good measure

to each other’(King & Buckley,»1968). Another method‘ofrdetermining ,~'

shape, that provided by Zingg's shape categories (hrumbaln, 1941}, wa

»employed fer ourposes of v1qua1 comna igon of the slope sambles.

The recordlnc of rock 'Tjne snabled: comoutailon of the percenta

Of occurrnnce of - each typn over the olope 1n tne Hope of reiatlng th

-V¢r1abfe to any . notleeable changeg in dobrla %haqe"

== Using the data inpuls of axis measurements, rock weight and. tyos

'for each rock, 2 ﬂcmuuter Drocram was dev1s~d to calculate the deszired

> 1

size and shape parameters and tvexr wean, standard deviaticn; skewness

andfkurtOSis., When tested against the critical values provided in Jones

- (196%), skevmess. and xurtosis values prove weadily.available for
dnstentaneous assessment of the normality of . GDlL&th” dlaur100v1038-~

" from which the samples are draim,

Having met the assumptions of normality and homoscedasticity,

actorial

4y

and~shape?a'two-way analysis of variance-(ANOVA) ith-a -2x3

design was est ablished to test for basic patterns of arrangsment,

—

-for sine - -



s
(e

This desiga required the,userof_al} six samplesz 6f:50 stones- fron a
slope in an attempt to explain varlance in terms of two maln SOUrcHs,
namely zonal (upslope) and latnral (0?035“51009) sources, The

' remalnlng varlnnce, termed error variance in this test; refers to
.varlatlon that oceurs between rock debrls fra;ments. When av
significant (at a specified level) test‘statistic<(F) is calculated

for any given effect, a specific arrangementvofAthe dependen£ variable
(size or shape) is +mp13gd which requ"W?u that consi “r&tl@ﬂ bz giv

to some observed process or'event.wfich ya. created tth part 1cu1a“

'arrangement.

Conversely, if test statistics calculatsd for voth effects are
not at a significant value, it represents the fact that thess effects
are not significa#t1y-gréater than‘afror*variance. Thevefors
variation is_greatest between rackAfrégménts and thebdependant
yariable is_homégeneous.ahithat slore since ii shows no sysbematic
afrangémeﬁf evermiﬁs sﬁrface. |

When moré fh#n oﬁe nON=a1vor SOuree of vavlaLloz_is parcelled
ouvt, i£ bacomes desifablelto know the degree of relationship that
each one shares with the deperdent variable. The calculation of eta

(n), the correlation ratio, provides a relstionchic {(rho) stlatistie

=

which is valupd not only for compsrisons of scurces within a lest,

but between them as well (Cchen, 1965), Eta is the 568Pe§‘3f
-correlation betwesn the designated effect and -the daspendent varisblc.
: Eta2 is siﬁiiarly=valuable not only as an &stimate_ofAvériance-uhich'
can be. predicted by.a souves, but as a representation of the
proportion of non-error vsriance accowited for by that source, For

1 Py “

these reasons, eta was calenlated for all test statistics derived
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from analys ns~ofmvarjan¢e of size urd shaga data.

Various sampies wers collecicd 1rom n@ slones whlch wer“

.relafed not to the stwiles of slope_decr;s cnarac»erletlca out bO-
prpceSS'gffects. ,At the necks qirseyeral Cape Lgddqn;S;Qpes,'samp¢es
~were taken in 1969 of the'Sﬁrface:materiai_whiqh_is,derived.by
rweéthering of thin-bsdded rock in tﬁé fregwface.aboﬁe. In thé prethag
peried of>June, 1909, a collectlon was detofithe finéésizéd_debris
.fbundioverlying snow and b sach-fast 105 bpneabh thege same ocastal |
.slopes. Samnles wore .;naljued for sed:ncrt 31ze cnaructcrl t;cq and
the results compared by both vxsual avd statlstlcal nothcdsn' In
-addltlon, sampleu from,the waterlal which ¢emppses—tle Aan& aebrls
_lobsg on the Cap@ Ricketts,slgpeg qere»takeh and analyzed:in the samé‘
_Iashlon to determlne the ba51c size cnﬂracterlst-co.‘

Finally, an attempt was made over thb 1970Af1e1d season to
.trapidébfis'félling ffoh“thewfféééfacé‘ébovélSeverai”éoastal”talus»
-slbpes. Mﬂt~°nsqaare polyth oﬁe'ﬁiastic.sheets Wwere anchored at six

p01nts in the upper. mnddlo ond bascl Z6Nes Sf sach slope in order to

. obtain. some idea of-the volume and - rate of accumulatlen by rockfpll

in this periad. The contents ef each catchne b ares, where aval 1db1

vwere neasurcd, Welghed and 1dent1iwed Tor later ana1Vbls,

_(3) Tracer. Experiments

~ During the 1970 flelu season a limited nuwber ﬂf tracer
experiments were conducted to obtain general information on the nature
of'sﬁsturfacevmeltwater‘flOWrin debfis sibpés.' Théﬁapplication of

3suuh exper;ments to debris slopes in madwlatitude regions is not

.eaqy because of the high porosity nreated by the. an~u1ar1t of



constituent material, - Tracer expariments have not therefere b:bh
included- anywhere in debris slope;ﬁﬁudies'tc this author's knowledge,
-In cqntrast‘Arctic'débr s slopes provide the opportunity to trac
waﬁerfléw bensath the surface dﬁe to the presenca of a permafrdst
tablenwﬁich miniﬁlmns porosity and ac*s as ar impervious 1aV°r to

force . sub~surface meltuater from,all-sources to flqw’abcve ite Its

-l

presence at gene~allv less tdtn‘ébycm._belof the slope’ qurface during
“the summer enablés a reascnable tracing of éﬁb~ urfane meltwater
patterns and rates on Arctic debris_slapés.

The tracer tests weré'diV£dedvémoﬁg thres talus cones

selected for their favovrable dinensions andereéence of Variéd
ivméltwaﬁér éonﬂitions.A Cone T‘ { ), is 50 m. 10na and 1lea on the
séaward—fécing, eastern s’de“of Caswal? owe;.t“TZ'and,T3~are:écnes
of 60 and 70 metres in 1ength, respectlvVly, and are 51tuated

. approx1maislv 1e bkm east of C“,b Rlcxrft z33ﬂg ths south«faclngf
seaward edge of the majOr plateau{ ‘T ahd‘TZ'are‘“ccncave, slightly
ébﬁvex" in form, whiie T3 has & straighb-longitudinal profilée Al
three areféharacﬁeﬁizad by convex cross-siope profiles, and their
conical shape is d elinmited by 1nter~cone depressi és which separate
them from ad jacent cones, Frolllaq of the tnree tracer slopas ave
found in Appendiz IT (2).

Three basic meliwater situations wers studied in relatlnn to
their rale and patiern of flow thrc ch tnese thveu similar cones.
Meltwater enté?iag_slopeé as a‘wa terfall, mo!tw ter derivaed from the
abla tion of enowpatehes on‘the'cones, aﬁd 1¢1iwamer~dcr1veﬂ From an
ablating‘permafrost table bensath tihe ccnes were the three conditions

studisd. IR
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Slope TL was studied for its waterfall flow, T” for. its ablating

' .,nowpatch y wnile T2 was used to Stvdj both wa erfall, .snowpatch and

hl

: pemafrOSa, meltwater i‘wuage.

Five expcrmerts wore ccnductea tnroaghout t.he perlod Juno 49

to Auguot 7. Ua ueviall ard snowPa.tch ‘tracer tes’cs were- conducted

~dur:mg the peak nelt-period. of early summer, whlle the. permai‘rost

meltwater study‘was postponed l_m;ttl Augu,‘st,. vby‘whlch time ths_ 'snotj:patc}_: o

" and waterfall on slope T2 had both disappeared. ALl tests wers. .

conducted in the early afternoon on days in which optimum melting

conditions were available,:-ie. clovdless skies; +40°F maximum diurnal

temperatures, and a negligible wind factor. The tracer experiments

followed a basic but flexible procedure which allowed adaptation to

'slope width and local relief variations, A measured amount of

Rhodamme B\I dye (407at-solut1un ) was ap*ol:.ed to the mos*' appronrlate

meltwater e’ntry po,"mt :i.n th-e upber slcp:s zore (either a pit, or lateml

.!_,

L..

trench, dnp“nd:mg -on whether the meltwater is derlved ram a waterfa’

or a sr;onpa'l,ch) he time Whlf'h lupsed befl cre the dye ap:seared at

any. of uhe pomts in a ')re—construci,ed netm ork oi‘ plts was no‘teu.

The basic grid syste’zﬁ (fig, 11).consisted of 2 series of elualivvspaced
pits excavated into the slope surface, ard each level was -spaced- about
20 or more .melres. downslope from the next. For eaf'h excavailed pit the

depth oi‘ the pemafrost taba.e -and‘»pre-se'ncenof-‘_any 'type_'of wa:t;,erv i"]..'o’.'\r

“within it was recoxled. =

Tne data obtained were combined with additionél observations = _

to derive the necsssary information about pat tpxn, rate and myortancb

i of sub~surface r‘cnci‘.{‘ as an active sloua p’coces



Sh

Figure 11

~_ Basic grid system employed in

sub-surface runoff'experiments on debris slopes.
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SLOPE MORPHOLOGY AND BASAL EROSTON -

(1)'The Process
Eaeal erosicn is deflneu in this study as the act of any

* pro?eég“tO“undermlne*‘ sTopﬁ aﬁﬂzremove matevlal from 1tg‘basp.
'ﬂReferences:tovbasél eirosion in ithe past have beenﬁprimaiil?Aapplied]to, .
Afluvlal undercuttlnw of valley-sids slopes (for example, Wood, 1942);

but it is khown that a’differenthrocess, marine'action, can produce

a.muéh mbfé‘vigordus'fqrﬁ of basai attégk,upon slépés in,a cliffedu

hile fluvial energy is expanded.laterallyOalbng valley-sides and is
- therefore less effecti&e as an efosive fores than mariue.action. VBas&i
“erosion has besn mentioned in reélationm’ to coastal platfora development
in New Zealand (iicClean & Davidéon,~1968),~but—the process is ﬁot a

dlrect er051oral acept he%e because it is maog-mGVbMDnb vh ich supplies

material te the waves. Along sections of the-coastline of southwes

{fi

to play an

bévon Tsland basal erosion by direct marine attack appea
- occasional ot imporient role in s 1ope dev et

" Two forms of ovasazl erosion can occur alozg this coastline,
both of which depend upon the axisting extent‘of sea~-ice cover and the
nature of the pattern of its bresk-up., Erosion is accomplished
‘thp§ugh the two processes_of igeapush_g6£iyit; ahd_sﬁormfwgve activity.
- For- ten wenths of the year-tha Lretie ceastline in the stuﬁj area is

protertea fyom basal erdszon‘af'any type by a solid sea<ice and beach

g
4

\.’m
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wice cover (McCarn & Ovens, ]9?0) but as the ice breaks ap 1nto
’.sectlons durlng the qummer and beclns to float out 1nto Lancastor
Sourd the p0551b111ty arlses that adveree onshore‘w1nds may push thi

:»floating ice’ back Jnto shore. Ioe can in thws fashlon becomo an agent
~of er051on on coastal slope<.‘ When tne ;ea-lhe cover is evuntually
 removed fron the v1c1n1ty, strono offshore w1rds over a Ionn fetch
f ray- agaln foster basal er031on of qlopes, thls tlne by storNdwave'}“
act:Lv:Ltyo Open or partlally Open ‘water condltlons 12V, then; provide
xthe cond;tions suitable for basal erosion of coastal slope*~waen -
”comblned W1th adequate w1nd speed and winﬁ dlrectlon. |

Basal ero sion wao observeﬂ in both forms along the Cape ledon
coastllne, and-to a lesser extent along the- sea-ward faclng CaSWall
_:Tower slopes. Both areas Were affezt,d boCauSG thﬁy neet tmo nutural
-}pré«requiéifess~one; they‘faceAsouthegstHﬁov Tdc ths-direct:on of
long est’ wave fateh; and two, their slopss are poorly protected by very
narrow beach zones é;ﬁtgtggofofféﬁére reiiéf;”~Tho;éfooﬁdi£ioﬁ§'éliow‘
fpack-lce to reach the beaoh zone irstead’ of groundlng upon a. shallow
~offshore platform whlch oc"uro els;where. Thuo the lbkellhood 15'
increased that P?¢kfiba prassure caused oy strono onshore wvndc will

push the icebergs over the narrcw beach and into tne base of he

?o31opééiétafhéff§é;:’fSSQiiérljJtFéAbarroﬁﬂbéaéh aﬁd”éteépéf offéhoré'"ﬁ""

profile‘allows stern waves to traverse fnrther aver the boach 2one

__where they can 1nfluepce the slopes W1th dlrect cowtﬂct ef’ waves or N
wave op 2 e
- Severz) talus slopesfwe»e subjectad +0-mariné’erosioﬁ'at basa

due to ‘the inflﬂeﬁéeVO’ tive maJor storris durlng the sumier of 1969

(111, (2)). mhe flrst‘occurred durlna the per¢oa July L5“26 under



‘_!c

conditions of partially-open mte‘m ’f?d'c;fi-v ce, floating offshore
acrovs the entrance to Padatock Bay, was uushed onshore :m«,o the base
~of several Cape- L"ddon slopes by 22m p.he w_mds blow:mg from the )
southea.st. The stofm of 4August 11-12 6ccurredﬂwhi'16 icﬁe-fre_é conditions
‘p{r‘evailedb”i‘r_sr Radst‘ock Bay. 'Sqﬁﬁxéaétﬁihd; gusting up to 52 xﬁ'.*p).‘h.
gen,er%xted storm waves with heigh*i;s sufficient to 6v"ei“run tﬁe beach
_zone- a‘t hoth Capb L:deon and Caswall Tower W:Lth the result that

several tal slopes wers eroded at base.

(2) Ooserved Effects in ’c,he Sum*r Area

Th° type o:t‘ 1andi‘0'em mod.Lfluat.:on :Lnltlally created by basal
. erosicn varied. Where riost eflectlve, wave erosion commonly *nade a
: }z'eé.r-;-i}'e_)ffﬁical.cﬁt- of 2-3 mefres in the ,sn'lo'pé bas,e_.' Or several Cape;
Lidden slopés erosion uncovered the frontal Sections of wha'{: appears
-t6 be a iréxré-émit z"c;c'kv‘pf!_atfor"m (pl te 2}, 11:\61{ forrr9d oefor° Dost-'-'
g]a.c:Lal deorls acowmn !.a 0101’1 wmen se‘a-»l ve.n. was hlgaer then at p"ﬂesent.
Where 1es efxectlve, ie, where erosion rpsu’l’fea fron wave spray,
basal areas of °lopes vere mltlally bared of surface deor is but not
appreciably altered in form. |
Erosion by ice-push was less distinctive. Tcebergs were

pres..‘urea into the base of slopes, but the presence of a n.agh permafrost
table served to minimize tfhe’ amount of surface debris removed. Push
on some Cage Liddon. sloi:es reached a maximum he‘ighj:. of 20 metres above
:‘bea;:h 1e\}tel. anditionsyrhigh followeﬁ_ such as hlgh tldes, ca u.,ed an
evéntuav'.ll,%y‘ remova..l'“of 'l",hef“icar .f_rbné the slopes. |

" One of -tﬁ'e'features commo’nlv exposed by vice-push erois:’(cn' was
2 layer of crystalline ice prourod:mo from b enaath ’che it slope surface

debris. This laysr or J.e&ge is qm.’t.e distinet from the wnderlying



vﬂgﬁgrysualline nature, its

permafro::t table because of its e

thickness and lateral var.uataén,,' rd tle absence of debr:u.s locked
. within it. These ledges were Observed in _evgra:',!.; <i_1fferept locations :
and are j.-ﬁterpreted as compacted 'remnants of snowbanks accumylated
dur:mg _wiﬁtgr along the basé of Cape Liddon s‘.L_bpés-. These. S'nqﬁban}:s
~ are .toﬁ'errun' in-—the pezk melt pe:picﬁ by (iebris- broﬁghi; dovn by rbckfall
and snowmelt, and are. ¢Qnsequently- compacted. and-re~crystallized.to .
form :'Lc'eA. Suéiu an'orig:'m‘- -a‘idsr in eﬁtplé:’mihg th the ice iedgés‘ éré“
| observed to vary laterelly in extent and lengitudinally in thickness.
' Tne layer was tréced upslope for- seVeré;l'imétrés fat.- one V:-partietﬂ;ax" -
site due to the presence of a slope gulley exposure, and was observed
IY ' to ‘grow progressively 'th:'m_ne‘r bef;:‘re.“eventuglly.I_r_x_e;rg_}ng }nto the
permafrost table (plate 3). This explanation of @ri'gin by compaction
~vis ~simiigrly r_-ei'.ni'orced‘b)( -ob"wvatlons a‘t Cape L1ddon in Ontobpr.
1 969.,whsn.;,no'-.~‘-‘ ‘accmnularti“or% wem se_er,;; at ths be..ml. ATes S in questio.n.
-~ In the-. §a:.'1yils_umm_er of :1979,. ~th:i.ck_‘_;ﬁ-.anket§--of% del?rivsa ovquay.the;g :
sncw accumulat:xon zones to the urtent tha+ thc, areas were m:n.staken .LOI',A
actual extensions of the slope foot. . _It ,I;S{ .t_h:Ls de‘brls »cqver whlc_._h
prevents rapid ablation of the underly:mg, st*owban&s and in tim2 sids
~in. the .compaction pr‘ocess‘._

The rea _’tjustment. of slopes follow:mg 1 erosion was
' fecordéd by interval “?}ot.ovrapﬁv at tnree baoa -cut arsas alonrr Cape
“Liddon following the storm- of Avgust 11-13,  The sequence of évents
was s:o.m_lar at all _.i,e the on“‘y’ Varlaole Lelno th te= aﬁd extent -
of readjustmelnt. : TA.ave érouon on tha °10pas consz.s’c.en’c.,.y crsateJ a

basal-c-ut area wh:LcH in some nl ces was topp::d by an, overnanging ica-

ledge (dé.sgrjib?d above).
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Subsequeut melting of the ledge caused debeis from immediately above

| the cut %o be t.xunsport dcmnsquﬁ ovelr 'thér:v'érfidal area’ th—ﬂze it
-was deposited in‘a small -pilc;z'». ~-On all slopss, meiting of the exposed
iéé v’and pérrf;a;frost ca’.ﬁsed fiowage 01". the surfaée debris,, bélo'w and
above it by: creating insis o:.l.my in the mne:llate upslope areas.. An
upward baring of per ‘i‘rost by t‘e'noval c.ﬂd dooo itiou oi‘ er"‘l down-
slope thus began to ocour. As the sequence _e}ét.ended farther upslope,
the size of material aﬁected boc ame conf:mecz te larger deorms, ard
‘the rate off exposurs slm’"’“ decreased until local ‘sleps aress oecamé~
stabilized. The ma’c.erial de};)o hted a’c base ‘eventual ly bar*ed tne 0458.1
a.bvas:Lon scar ‘to creatz, a new slope J.om, w:Ltn an anglaa s:r_m*lﬂv‘ to the
one present before marine erosiom. Pla tes 4 and 5 aervonstvate ‘I:.he
dlfference bet"een the surface chnracter t'cs oi‘ aVCape' Liddon cone
ét'-"différént sf.age_s of ‘ifeadjué’c}aent-to basal efésioh.”

Where 4 vock platform had besn exposed by sicim wavs erosion,
“the accmnul“tlng matez' al from :‘C:td.)ubtmenb evem.u»ll‘,r covered - the
“platform, Plats o shows such dn area in a later st tage of accumulauior}.

A return to the sites early the following summer indicated
that {the read Justment phase does not normaliy extend ito the top of
tﬁe | slope; but rather it reaﬂ‘f‘os some erdtical ‘height, at z@l*ziéh
sufficient material "hs.s_accmn'ulated ﬁownslope {0 enable slops
111%:10:111’93" to be nminimized, Fur,_-e;more srﬂa af the basal-cut aress
rev;s:.ted at Caswad Tower in 19"') had not re-f‘ormea over the w.m*“e_r,
and s0 1t must b— er.p.;as.gzed tha..., re aajv "tment» to prcf.:.le cha‘nge will

be _af.fecte»d by other factors such es wo g ity :ds of the basal erosion,

‘rate df accumilation of rockfall wmaterdal, and the initial natvre of

~ the slope debris a1 *:1 nx*ﬁifi:leQ
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The Vcrtncal cuts rawcaind an interaesting strat 1ilc tlon of

typ:cal crOSquec%lcn uhrouon

'debr*s W1tb3n the permafrast layer,__ﬂ }
.the:depb 1t ﬁs 1nd cated by plat@ e Hvre, ‘the. upnormos+ part of ths -
60cma pernaLrost 13v~v lies at sloPﬁ bottdm and cohtazns flne <11t C

- or sand within it. - Ahove Jb is fouvd a"UQcm.»layer of coarse, angular,

: débrig'vinébg.g;or'a;téa‘ within the ice; while separating it from the

Tﬁféséﬁt sibﬁelsﬁrféée:déﬁrié éﬁéré‘iéAé 10cm. ia&cf_of-giahula; icé;
believed to be derived from ﬁompabted winter snow accumula ons., In

“two other ba“a1-cut sections,” dnstlnetlvely rounded -and- greyluh beach - -
gravels wyre *ourd lock éithiﬁ fhe-perﬁafrbét betﬁéégniajers‘of.
angular slone debrl ;t.‘ ghbs Well above t} ' *ésent‘§eé;1e§ei;.

T s

“This type'bfVGXﬁeuvne 1 sqown hy Ukrt“ 8, and 1ndlcater above all the«

complicated *ecuencm of past events and pﬁoc sses in the area.

(3) Profils ard Pe rls.ChQSfcterisiics_:
... The anqle ann proflle form of basally-eraded qlopes, alono
.w1 th the size, Qhapa ani o“lcntatxon Vnaraotg_ .§=9 fo) f the;r sur;age
Adeoﬂls suggests that 1he rrOﬂess in ai estﬂon ﬁas a distinctive ard
pro&cnnced effect upon those slopes. This sectionvanalyzes fhe
various charzet ceristids as they appear on slcpes atAboth;Caswgll-
Tover an4 Cape Liddon.
Conpar*son of th= ftve slope profxlev taken from basallyh
roded slopes indicates a slight diversity of form, ard it is
i;"attributeﬂ‘ to- vquatuons in 1nten51tj of mar*na aitackAwhlcn ocour .
betweon the various. 1§ elcs 1§¢atlons,~ Of ths slx_proflle form-

'catenor1ev erplojed fotoﬂk, ‘969), a7¢ are @nuplly roprose ' ed Wlbh

the exception Of_”éoncav'ty;*ﬂ



Ho completely concave prollle ¢orﬁ«uw$ reoor&e y & fact which is
consistent with the expectation that 00uvex1ty will be introduced into
a ba51ca11y rectlllne 2y slope fo n when a vertical basal-cub-is made.
The three profiles from the arsa most severely affected, Cape ldddon;
can be arrangsd into two completelf or dominantly convex and one
rectilinear §1bpe.*jThis-latter deviation from convexity merely reflects -
the duration of time allowed before the slope was surveyed; for the
slopé in question is steep and she v, and the read justment to ths basal
Verqsiqn was rgpid enough to‘restqre ﬁheﬂglqpe‘profixg to its formsr |

- state and eliminate the clument of convexity introduceds AL Caswall
Tower, where marize attack was I8éc severs because of its more-protected
locatlon, slopss raintain an slement of convex:ty but 1t uends Lo bb
‘overshadowed by g“eatﬂr concave éomponents on the slopes. Due to the
low magnitude of basal erosion hare,-the readjgstmenﬁ_of the‘surﬁace
became.stabilized at a 1evél only;a fev matres above the basal cubt; .
and thus the convexity introduced into the profile by erov¢on was
Jinsufficient to eignificantly alier the concave profile inherited by |
rockfall accunulation. Convexity manages 1o equal concavity on one
profile and ferm a minor e’emant on the'other, ”hat these twe CASL
profiles differ in degree of convexity is offset by results of the
non«pﬂrﬂmetrlﬂ tests Dorforﬁmn, which cnpflrm that no two profiles
drawv from the same slope differ significantly in form. Results from

- both locales then aLUgest that the- cavvex1ty ntroduced to.a profile "

: By baba] -erosion varles in eytent and duratlon deps n@ing upon
readgustment rates; lenath an steepness of the dsuris SLOpeoa

| The Jonawterr e*le:t° of tas sl eros;or-afe 3lsc.rel*ecuad jﬁ

“slope angles {tabla 1).
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The valuss for Cape Liddon slopes ars greater than those fer Caswall
Tower by alnmost 3% and again the difference is attributed to variations
in frequency.and_intensitynof‘basal erosion between the £w0'areas._
Where bésai erasion is feéurrent’,‘ rates -of rerriéval‘ of debris from'the'
affected slopes ‘will overtake rock,xall docurrulatlon rates unless
“occasional catasbropth events.snarpiy 1ﬂurease rockfall supply (16.
a-bIockfall), When réﬁavél'becomés;greater than“éccumﬂlaiion,vthe
slbpes will bgvch tesper in angle end straighter in form. Since the

1oeationrof'Cape‘Liddnn-slopesrmakeS“them more susceptisls to both

Fy

stormdwave and 1ﬂ°~pu h rro i 1Atﬁah théif Caswa11 TowerAcaﬁnterparts,
tha steepening of_Cape Liddon - - slopes 1is assumed to have beon gping
on for ét:least the past ha1fecenturyf given'ccnstant;?ockfall
~accumulation rates. Since the rrobabil t; of such a storm is only
aboﬁt qné'in éVery-éeveﬁ years-(MeCagn &;;ngram;'1971),=séven aitaeks_
with interrals for reud justment are possibie in the last 50 years.
This numiver is~more~thaﬁ adequate to account for the steep slope angles
akperienced‘here; SloPe ang ‘es dve lower in the Caswall Tower cliff
area becaunge of the much lower I ~"d°nbe of bagal erosi on there. The
difference in helight of overlying marine cliff may also account for 2
discrepahéy'beifgan hnbl o5 in the two localities; fur the higher.
rockwalil over Ca*@ Liddon slopes (300~350 metres) offers not only a
greater source srea of debris but also a g“eater height of fal] of

KN

“much of 3ts - Jf the latter is true, add onal monentum uredtod in -
gravity fall will carry.much of the 1arger debris over and bsyond ths
_]1m1ts of tho_51¢pés below, This means thét_glthoﬁgh the Caswall

Towenr clifoface offers a smaller source area (150«200 wnetras),

accurulztion below may be greater than upon Caps L ddon slopes
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and hence angles will be 1owef..

Values of mean skewness and kurlesis for ezch debris sample
site proved the ssmple distributions to be'representative of normally-
‘distrlbuted populations (Jones, 1969). Consequently analysis of
variance tests were used on size and shape charzcteristiese The test
for the two-way factoxial design employed here requires that 21l six
of a slope's surface samples bs included, and therefore the single
baszl erosion sanple lins of slowe CL2 was omitted because it provides
only half of the raquired samples. 9Only two slopes then are available
for study as oasal erosicn sToyas.

Resulls of the ana1J=1s in Vable 2 reveal that of the two
slopes enly C453 i » ontinvally charzceterized by significant arfangement
of debris shape intc zones ¢w wve rtlca1 sectors. Eaxh flatness amd
sphericity show significant zonal and lateral arrangement en CAS3, while
the Cape Lidden slope has ¢nly on2 signiricant arrangement, that of
lateral arrangement in flatness. It is concluded that on the whole,
shape on CL6 is rathar homogensous since the one significant-arrangement
accounts for less‘than 34 of the total variance in shape.

For slope CAS3; shape is heterogeneous over the svrface
although etz values suggest that zonal effect is move high?j correlated
with shaps than is lateral elfeczt. in fact, toth flatness and
sphericity values for zon2l arrangement are similar in proportien of
va?iancé explained., The trends shown in ANOVA resulis are towards
higher zonal than latersl arrangement, Shape,is therefore concluded
honogeneous on the Caps Liddon slope and thB*OE s on the sltope
sann1ed at Caswall Tovsvs | |

Analysis of size variation over the slopzs fudlnabeu that only



TABLE 2

i Summary of Test and Relationship Statistics for ANOVA of debris size and chape on Basal Erosion Sioves

Sloype | : SIZE - - FLATNESS ‘ o . SPHERICITY

Location  Between Zones 'F' Detween Lines 'F' ‘Between Zones 'F' Between Lires 'F'  Between Zones 'F' Betwsen Lines
L {eta) ' (ata) ~ (ota) . (eta) ' (eta) - : (eta)
- - | - - o o et L o *
C4S3 11,72t 0.27ns | 6,667 ~ 2,0lns . 627t s
(-27) (.02) e C o8y G20 o
CrA : . 0.29ns 0,60ns - 1.88ns ; 8,35" 1.3ins ‘ - 0O.2ins
[ . (.0l £,11) o any (,09) . . (.03)
LA - - 5 - : . ' - : ‘ .
CORICKETTS o - . - - - - -

+ significont 2t .01 level
Foe aei o ‘
eignificant at .05 level
nst not significant

.

9
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the Caswall Tower slope has a sigésﬂ ant, size arrangement (at the

<05 level). COn the Caps Liddon siope neither zonzl nor lateral
arrangement'in size is signifieaﬂtly greatsf than error variance, ie, -
the variation between fragments. OCf the total variance, zonal ard
lateral cffec*s offer the sama proport .on of explanation, which is less
than 1%, In contrast to this size homogeneity, the Caswall Tower

" slope does portray 2 significant zonal srrangsment which accounts for
7% of the total variance (table 2);

Both size and shape values on CAS3 therefore show zonal
arrengement to be significant for size and shape, while on CL6 size
and shapeiare for the most part considered hcmégeneous. Compérison
of 211 vaiuesAof the relationship statistic eta indiéatesAthat zonal
effects are more highly corre*abed with both size and chape than are
lateral effects on the basal erosion slopes, The discrevancy in values
between the slopes is bslieved te ariss fron the minimal response of
slope CAS3 to 10w-magn1uude basal attack cempared to CL6's rapid
read justment following hisgh intsnsity abrasion. The expected
consequence of such activity following profile change is the
re-distribution of debris of all sizes from the “pae ard middle-zons
areés by dovmslops shifting over the slepe suffacea If the reasoning '
is_#alid..then the Cape Liddon slope is a typical example of the ideal

sally-~abreded slope by dlsplaylrg size ard shaps homogeneity over éhe
surf#ce and thus no selective sérting.

‘Since slope CAS3 axperienced very litile readjustwent to
céunteract its basal~-cut ﬁﬁé redistributi¢n~of material fﬁam‘upslope-

. 1

areas over the surface &id not oceur; ara hence the zonal size

arrangements created by fail-sarting4of'1 ckfali ecb“¢s, Dlue
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heterogeneous shape arrangements fagu, e ariations in souvrce lithology,

.TJ

e

have remained intact. A morse vigorous basal attack might have

destroyed zonal size arrangements bj'removing most large blocks fronm

-the base and replacing them after readjustment with various other sizes

of material derived from both middle and upper slope zcnes. In the
sams fashion the variocus pockets of material with small shape
variztions within them would be broken up and mixed togather downslorpe.

Orientation analysis of the fifteen basal erosion slepe samples

resulted in rscognition of seven preferred orientation patterns .

(éignificant at 1évels of 4%,10 on the Rayieigh test chari in Curray
(19 6)e As showﬂ in table 3, ib:s 47% of the foual number of basal
erosion sample patierns displays nearly .equal pcofefence for dOWDolOFB
and eross—slope directions; apu these are 51m11ar1y prevalent in each
of the zonal locations'of the sanples. Howéver, only one sample
arrangsment is significent at the a=.05 level, uznd this is orisnted
dowaslope,

Cn é basal erosian-slépé's surface one wnuld,expect.fo discover
a’directional preference in the area of slope readjustment, since the
sliding of materisl occﬁrs. On slope CAS3, though, such a preference

5 found rot in affected areas but in the uppér élépé ione; élthough
it is only a weak preference (significance lsvel of 2=.09), This

pattern is a prouuct of rockfzll sliding rather than read1u3ument

‘because the latter procsss did not re ach that far ipéicpe. That

read justment was not 1nterse accoants for the ack of any signi f ant

i

direction2l preference over the lower slope areas.'
At Cape Liddon, preferred orientations are fourd in cach zone

of slopss affec ted by basal erosion and the significant levels of



-
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Directional Preferences of Sigrificantiy-Oriented Samples

on Basal Erosion Slonas

CAS3 top 1.

SAMPLE SITE MEAN VECTOR SLOFE LEVEL OF
L  DIRECTION PREFZRENCE _ SIGNIFICANCE
e T e .
CL2 mid 2 550 c 10
CL2 top 2 86° c .06
C16 bass 1 7.0 ¢ 07
~ CL6 mid 1 17° D .05
016 top 2 85° c .06
250 D .09

C: cross-slore

D: ammslope

67
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alpha reveal that Ci6, the slope subjected to the strongest basal
attack, has stronger oriertation Eggﬁergnces than doss the CL2 slope
which has not been so severely alﬁﬂded.'.ﬁniequal oceurrence of both
downslope and cross-slope preferences on these slopss suggssts that
diversities arise due to £hé varying degree 6f instability.&xperienced
"in diffevent areas. Figure 12 indicates that cross-slope orientations
are more strongly alicned thsn are the downslope orientations for

s

basal erosicn samples found significant. Rotation of material to any
particular direction will then va“y';rom slops area to slups ares,

although the stronge st orientation prefareuces are generally found in

.

the upper elope zone No 31ng19 direculoﬁal pre ference can uhnrefore

be_associated with bag:al.. ~erosion ou slopes, ...‘91‘.? _th.e.rg 1,51;0141(1 be a
relatively high prhbability that preferred‘qrientatibns will arise
'from the event.

Cunsmibrlna then ths whole range of samplss and profiles t ua?an
from slopes affccted by basal erosion, thers arises the recurrent
explanation’of:dis'r=nanﬂ1es baztueen Caswall Tower and Cave Liddon
slopss being‘due o variaticns in the magﬁitude of basal attack and
degree of resulting readjustment to the rrofile change irtroduced

by that action,

.



Figure 12

Alignment of signifiecantly-crienied samples on basal-erosion slopss.

A, dounslopey 3, cross=slope.
9 P 3






CHAPTER VI

SLOPE MORFHCLOGY AWD ROCKFALL

(1) The Process

Rocklall, with subsequent deposition c¢f the fallen material
con&titutes the wa jor agent ofvprofile constrﬁﬁtioh on talus slopes
(Stock, 1958). The reckfall process entails release and deposition of
rock Tragmentis from mountain walls and éliffs by mechanical weathering
of the rock face. Depoéition pcovrs b& free-fall of the weathered
fragmeﬁtsw Variationa”in the form of weathering involved in rockfall
are in parl responsibls for the tyvre of debris slope which is foﬁmed
below any particular rockuall, The channelling of debris derived from
& econcentration of rockfalls on one psrticulzr wall section most often
resuits in the formation of a talus cone, énhanc%d by the gulleying
_or dissectién‘in tha :ockﬁall iteelf; vhile rardom rockfall along a
miformly-surfaced rockwall tends to‘praduce a sheet-like accumlation.
The continual chzanelling of rockfall materisl onto adjeceunt c5nes can
result iﬁ the lateral coalescing of slope basal zonss to form a

salescent cone., Ceneralily the amount of disssction probably affects

o

the rate of reckf21]l because groster dissection means a grsater amount
of expesed rock surface on which mechanical weathering can occur.
Rockfalls occur in response to environmental conditions. Rapp

{1960b) classifies rockfall on the basis of roleass mechanisms, which

70
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(b) therral changes

(¢) hesvy rains end humidity

(d) snow block fsils

(e) ice vlock falls

(£) chemical weathering

{g) wind -

(h)vcreép N

(i) ear;hqﬁakes,
On souttwest Devon island (2), (b), (e), (d), and (g) are:likely the
dominant release méékanisms in cetion, although frost-riving (bursting)
is prebably the pecatest §ingle contributor to rockfalls in this area.
This mechanism has becn discucsed vrevicusly (IIT, (2)) as a cause of
primary rockfalls, whiech irvelves the breakihg and fall from reckwalls
of a rock directly onto the slope surface (Rapp, 1960a)., In contrast
secondar& fall impiiers the fall of rock that was already in a léesened
stafe and resting on ledges, outeroppings, ete.  Precipitation in the
summar‘months ie priﬁarily =a3sponsible for causing secondary falls by
rainﬁash urdsvuining or saturating loose rdcks (Rapp, 1950b); although
strong winds mzy also réleaée secondary fails of smell fragments,
Snowfalls elso start off secondary falls whan sweeping over the recke
walls., In bolk primary and secordary fall situetions, rockfall occurs
as either arn Individual fall or as a ccllecticn or shower ¢f  rocks
f211ling simultansousiy. It deserves mention, however, that in spite
of ail the xnown mechanisms, rarely is it peszible to ascribe any one
of tpem to any particulaf rockfall observed in the rield,
Teupsrature at the rock surface is onc of the more important .

wicro-envirommental elementss reflecting both air teapsrature conditions
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and the effect of solar radiatioﬁ (Gaxdner, 1968}, A study in the
Canadien Rockies by Gardner (1968) shows a covariation between rock
surface tempsratures and rockfall frequency, with the peak of reoclkfalld

activity cocrresponding to the peak in rock surface temperature. The

Py

thermal changes probebly affect rafes of expansion and conlraction of
indiyﬁdual rock grains arnd hence cause mechanical brealkdown,

The effect of any rockfall will depend largely upon the naturs
of the reckszll surface, the height of fall of the fragments, ard the
size of the initial rock meterial. The nature of the bedrock in this
area is especially fevourabtle to the ccecurrence of reckfalls., The
looseness of the réckf especially on the marine eliffs, suggests that
the combination of {thin anﬁ thick~bedded rock tyues -increases the
provability of occurrence of mechanical weathering, An initially
large block, falling wnobstructed over a long distanrce will very liksly
rell or bevnce dowm the talus surfoce intact aftsr larding. The same
block,-if in collision with rock ledges and outereppings on its fall
may shatter intc smail fregmculs, som: of which mey not reach the talus
slope but will c¢ollect upon rock leﬂgeéw 0f the fragménts which de
reach the talus neck,'many are inlikely to iravel fer dovmslope since
their acceleration is governed by low mass of tha:,grtiéles. Assuning

equal velocities (is. constant height of fall), ihe greater the size

T will travyal beeause of the ircrease

[»}
3
D
tde

of a rock the farther dounsl
in kinetie erergy that accompanies a size increase,
conditicns a crude fall-sorting should oceur (ITI, (2)), with the size
of materizl derosited over ths surface increasing in a downslopé

diraction. The downslope sorti;g will net, hewever, be periect, if

not because of the action of other processes in albering this condition.

s
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then becsuse of chance factors alone. Shape of the falling debris will
afiect its nature of fall and thus affect the fall-sorting process,
Slope angle and surface roughness created by debris alresady deposited
wiil similarly vary the rate of loss of kinetic energy of a falling
rock and affect fall-sorting.

As material continuez to break away from the cliff face, however,
erosion of the cliff is progressing at a rate proportional to the rate
of mechanical weathering upon it Rockwall retreat in the form of
parallgl tackweathering then sccurs on the upper sectors of the. rockwall
whils continual accurmlation lewer dewn begins to cover and protect
incersasingly larger seciions of the lowsr rockwall, It is the
backweathering which prcduces an irrsgular, dissected rockwall surface
(Bird, 1957). The detris burizl of the free-face is not unifdrm, an?
50 protrusions inte the lower debris slope emergs as the more
resistant beaaing plepes. A scompositzs slops of neny smaller debris

slopes is created before the entire face is covered. Differences in

3

acowmulation rates across a horizontzl plane are also due to resistent
beds ard thus they often appear as pimmacles and turrets in the upper
siope zones. Bird (1967) believes this combination of events is

uniform for limestons ¢liff evolution under periglacial conditions.

{(2) Observed Bffects in the Studv Acea

In the Radstock Bay arsa rockfzlls were observed by the author
on sunny, windiess days during mid-October of 1969, a period during
. . . . . - 4 20
“which paximom divrnal zir Lemperatures did not risz beyord 16 F

n addition, st the time of arpival in the field in
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etivity had already ccourved on the coastel slopes
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yet air temperatiures had still to reach 3? ¥ for an/ lengthy ravnod
during the day. Rockfall zectivity. eontinued tnrﬁughou the peak melt
period and on into the summer; ard based on obsesrvations in 1969 it
probably continues until at least the end of October when consistently '
cold emperatur 5, plus the'onset of polar darkness, put an end to
frost»“xv¢ng, thermal change and rainfall as sigﬁificant triggzer
mechanisms, |

- Cape Liddon was noblceablg thb most active locallty for fOﬁkfa 1s,
having both {he highesat section of exposed clifi-face in the area (BOQ-
350m) ard the greatest amount of rockwall dissection. Caswall Tower
is the second most aétive rockfall locality, but activity is confined
to a much lower cliff-face which reaches only 175-200m. at the steepest,
seawardmost side of ths Tower, Rockfall oceurs to a lesser extent vpon
Cape Ricketts slopes,; and primarily upon talus sheets; while on the

-,

Inlend plaieau slopes no recent "0~\Aa"$ anh

tde

vity is noticeable, -

Along Cape Lidder in mid-Jdune a vast quantity of rockfall cebris

covered iLre snow and 1cc~cavped baach and slope base areas, ard
continued out onto the sea-~ice as far as 50 mstres, There was:a
considerable range in mzterial sisze, varying from several +600mm long

3

boulders to debris of 100mm lenzth. The szme situation existed on the

beachfast and sea-ice below the Caswall Tower marine cliffs., An early

ary

RN

val into the field in 1670 enaliled the author to recognize and
record the high degree of rockfall activity ﬂh¢ch ocewrs in late
spring and early summer 3n a High Arciic environment. Plate 9 shows
rockiall debris collected upon beachfast ice which will be rafted out
ff section,

+o sea to leavs no trace of fallen debris beliow this eli

n the studivy arsa that rsszulits from rockfall

o

e

A cormon feature

S
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activity is the slide tongue. The 'process of formation was observed
on a Cape Liddon slope during Avgust ‘afnd is described here as a prelude
to discussion of the Teatures as they occur elsewhere. The author
witnessed a huge quantity of rockfall dsbris as it began to roll and
bounce down a lengthy, comvex talus cone of 38° sleps. A fresh scar
of lighter~coloured rock was noticed in the rockwall at = height some
30 to 50m s2bove the cone's apex, and covered an area of approximately
15 to 25m square. The scar indicates that 2 isubstantial quantity of
material had broken away &s 2 primary rockfall. The larger blocks
rolled and tounced dovnslope and svenituvally reached the sea. This
particular cone, however; had been gullied by meliwater earlier in the
jrear and its surface dried and compacted. Consequently, lcose surface
fines had accumlated in these guil:‘s.es; and uper contact with them the
falling debris set in motion downslops a slide tongue; he main rass
of fallen materisl also z};oved over the smooth talvs surface in sliding
nolion asb a tongue. Plate 10 shows the movement downslope of slid
tongues, outlined by the dust they raised. The nature of the tengue
featurss as they came to rest difflersd due to the couvrses taken dowm-
slope. One slide tongue followed the confines of the meliwater gulley
to base where it was forced to split by a meliiwater~consiructed debris

fan which emerged from the gulley bass. Other tongues remained intact

after overfliowing the confines of guliley sides or after flowing
directly downslope over ths smooth and relatively frictionless talus

surface. Plate 11 indicates these diverse slide tonguss at rest near
slope base. Tt iz possibie to regard slide tongues 23 an occasional

oer sporzdic process of hasal accumulation,

In the Capz Riskelis and Inland plateau localities many of
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these features ars situated on tbe QEOPVS' and *hey are similarly comion
to other Arctic localitiss since they heve been witnessed by several
writers including Stock (1958) on Baffin Island and Rapp (1960a) on
Spitzbergén slopes. The tongues at Cape Ricketts are invariably located
on steepsr slopes of an area, and are farther upslope than are debris
flow lobes which also appear here but are the product of a different
process (VII, (2)). The tongues are characteristically elongated or
.sﬁreamliﬁed-iﬁ #ﬁpearance dus to greaﬁer acceleration over fhe stesper
gravity slopes, and are fourd predeminantly on talus shests which have
coarse surfaces. Tongues develored on the steeper surfaces often
displayed distinct.gullies and srall channels axtendiﬂg'unslope from
fhe rear of the features. Cullies ranged in length, often‘ccverihg
the full length ffom the tongue to the rockwall base. In other casss,
the guﬁljes wind downelooé to dissect parts of the tongve proper and
accumnlate coarser ‘uzface debr;g, whkuh irdicates its qllczng rnove-
nent by a downslope orientation,

Tongue dimensiocns variéd. The maximm elevation of the features
is nqt found at the snout but rather can occur anywhere betwsen 5 and
23m upslope cf it.e Tongus heights refiect the fact that there is a
greater accamilation of debris than is the case for debris flow lobes,
Sampled tongues ranged in height from 0.22m to 1.4&4m, . while widih
at the saeme point varied between & to 20 metrss across the widest
sector. Below the highest and widest sector of the tongue the featurs

‘levels out and narrcws until it merges with the swrrounding slope
surface. DBelow the “crest" of these lcbes the surfacé is ecovered by
blocky debris. Figure 13 displays the form of ‘the three tongues

sampled 2t Cape Ricksits,



Figure 13

Plan form of sampled debris slide tongues.
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To facilitate better description of these features, size
aralysis was psrformed on the materisl sampled from various positions
on the three tongues at Cape Ricketts. At tongue A sectiéns were
obtained only from the top.and "widest crqss~séction" areas dovn to-
the permafrost table at one metre's depth, since the front of the tongue
was composed of material too large to be field analyzed. These two
samples wére sieved and their size distribution éurves are shown in
figure 14, The curves are very similar in sﬁape and indicate that
the highest conceﬁtration of material lies in the ~5.,0 to ~1.0 phi class
range, corresponding to gravel size on the Wentworth scale. Individual
percentage scores in each size ciass reveal that the silt and clay
fraciion conétitutes an equally low proportion of the two samples at
2.04% and 2.45%, respectively. MNMoreover, a~Chinquare}nonnparametric
test on the groupedvpércentages indicates no significant difference
between the two samplas {at level of.a=.01). The sizé distribution of
material is thus homogeneous in the tongue down to this point., At the
tongue front material is geheral]y 1004to 300mme in diameter, is. of
cobble and boulder size, and fines are not prevalent. It appecrs
that fine-sized materizl may not reach the tbngus front in very
substantial proportions, and in any case the percentage that does is
generally low,

Tongue B was sampled only at its front since the lobe is quite
narrdw in size ard not very thick. Ths cumilative percsent curve for
size of material here is alss chown on figuré 14, and 3ndicates a
high concentration of material in tho 5,0 to 0.0 phi class = nge which
correspords to gravel and very coarse sani. A higher proportion of

sand is fourd in this sawple than on those of tengue A, although the



Figure 14

Size distribution curves for debris slide tongue samples.
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silt and clay fraction is a 10war'i.01% of th¢ total. Tongue C was
not- sanpled at any location due to‘the.very coarse debris encountered
'in,depth. On the upper tongue several 1arge rock plates with lengths
.averaging 2250mm  wers found, W1tb downslope or:entatlons of long
axes. At the tongue frovt it was determined that approximately 60%
of the material in devpth was cobb1e~51ze w1th-the‘remalnder slightly
less-coarse.

"In summary then f ;he debfis slide-tonéués fouﬁd on Cape-RickeEﬁé.
slopes have low fine-fraction percentages, with most of the constituent
material above permafrost ranging from coarse sand to fine gravels.
These findings suppcrt the idea that thcir 6r131n‘1s ddwnslope movenent
»of 1oose surface aebﬁls caused by sporadlé rockfall actién,rsuch‘as

that observed at Caps Ljddon.

(3) Profile and Debris Characteristics

The rockfall oatchmen; experlments ntioned in Chapter IVV(2)
were designed to supply 1nformation on the areas and rates of
accurmlation on <1ona by Qontinuoué rockfall activity. Results
indicate that of the six sheets plaéed on each of three slopes the
rates of accumulaulon seem quLte Lo, 'On'sloﬁé‘CASh, for instance,
only tne upcer itwo haL trapned rocxfal‘ deb“ i8S, avd the total number
on both catchment shesls wWas 5 pleCes._ Tne materxal size was lesss
than 60mn, whlﬂh is low compay ed to the mean size range o; 100-102mm
for sample sites in this zone. Shape of the trapped_materla“ was
disk-1ike on one site rd blaae onlthe other, which might be
interpreted 2s a Lre¢1m1narj trend uowards lateral shape veriation in

view thal sample ponnUJ had Eﬂaued material in this zone,
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On slope CL1 similar resplts were found, for only on cne sheet in the
‘upper zons had material accumulated. The mean size of the six pieces
was 73mm, much smaller than the 92mm‘average for the debris sample taken
in this zone. Shape, however, conformed to the debris sample findings
of a predominently bladed shave for material oﬁ the slopss The study
of slope CL4 was more.interesting. Here a greater rate of
accumulation was found on the upper catchment sheets,AWith 26 and'hh
fragments‘respeéti#ely, found on the two upperbsheets with e&én more
unmezsured fragments whose length was less than 25w, Mean sizes for
the sheets were 4Omm, ard 60mm, respectively and material in both samples
was bladed in shape. The sizes were again smeller than those recorded
fof the_sloﬁe sémples in fﬁis.areavbut shap§ did not differ. Hence,
smaller-sized debris is accumuldtiﬁg'with'no apparent lateral Variation‘
in shape. On one basal site a 107mm 1ong fragment, disk~shaped, was
-fsund but thefé was no material on the middle zone sites. . |

It is concluded that on the slopes tested, the only
substantial accumlation of rockfall debris during the study period
~took place in the upper slope zone. It is reasonable to assume that
debris accumulation will be most prenounced and more often monitored
here because the debris released by secordary rockfall will land in this
zone, and being swrall in size it will likely remain in this zone,
Accumﬁlation here is constantly occurriﬁg if this small study is any
indication, a situation which complies with the view stated later that
minor corvexity in profile is created in this'fashion.

In terms of results not a great deal was acecomplished by this
experiment; however some u#éful commeﬁts on the practicality of such

a project can now be stated.
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" First, vhen material is fourd on a catchment sheet it éaﬁnoi be clearly
determined whether the material haé come directlytfrom the rockwall by
way of the fall-sorting process, or has merely slid from the sloée
surface after disturbance by a) the installation of the shéet itself,
of ,b) the impact of fa_llihg rocks. Unless the accumulzation of material
is closely and constantly surveilled, then rpsnlts‘of_rock-catchment
studies must be used cautiousiy. For instance, on CIA large rockfall
fragrﬁent Were seen .bﬁunding dovmslope and ac’éuélly bounc.ing over the
catchment sheets in the middle and basal slope areas before coming to
rest. Obviously the smal‘i nmnbér 'o‘f -catcﬁment ‘sites reduces-“che' A
probability that rockfall activity will be detected, but it is rather
‘difficult to know how to cutfit a slope with traps in a mamner which
will ensure representative sampling of the rockfall activity. - On this
particular slope no substantial amovnts of debris were found on the
middle ahd lower zéné sheets, even though debrié_ﬁas observed to pass
over the area quite reguvlarly. It is suggested that catchment
_experiments are usefulfonly inuallqcating canﬁinuaus-éccumulation areas,
‘and not in determining accumﬁlatién rates,

fhere are 29 profiles drawn ffom the rockfali-dominant slopss
in the study area, from which it appears that;"concavity" is the
characteristic slcpe element of this group@ In tabulating the various
profile forms for fockfallwdominant>slépes fidm.table 1; 13 ére found
toAbe concave ﬁhile 12 are classed as predomihantly concave., Together
these domprise 25 of 29, or 86.2% of the rockfallqdominant slope
profiles. Of the remainirg four profiles 2 are "straight" forms
found both at Cape iﬁddon while two Qconvex with’minbr cancavity"

profiles are located at Caswall Tower, ~



Stock's (1968) assumption for slope profile analysis is that
unhindered rockfall activity produces an initially straight orofile
when structural contrel is absent. On the southwest Devon rockfall-
dominant profiles it appears that despite pfobable variétions in
structural control between locaies, 86.2% of them have developed a
predominantly concave-downslobe form. The continual rockfall activity
over a slope appearé to result in gredual extension of slope base in
both lateral and forward directions, a devslopment which would account
for the creation ¢f a éoncave slope form. A minor element of convexity
- will be equally comion because of the rapid accumulation of fine-sized
debris in the uppsr slope zone just below the rockwall base. The
éhange-inuslope betﬁeen this accumulation.afea and t,e‘middlé slope zoﬁa
will cause the formaticn of a convex profile element. Exceptions in
this characteristic form have becn found among the 29 profiles, which
are attributed to lozal factors_such as aspect of rockwall, which
cavse modifications to the pattern.

Mean anglez for the profiles of rockfalindaminant slbpes ranged
from 30.18o to 37.020, with.thebhighest values occurring at Cape Liddon .
where slope extension is limited by 2 narroir beach zone and stesp
¢liffs which deter accumilation of debris because of the great heights
~of f211 of weathered ¢liff material. The lowest~angled slopes are
found at Cape Ricketts (mean angles average 32.30) and &t the Inland
platean erea (mean angles average 32.50), where the height of the
-overlying rockwall is mininal and slopes are long and uninterrupted
‘at base, Caswall Tower rockfall slopes are'de#elsped below a cliff-
face much higher-than“those of Trland and Cape.Rickettsvbut lever than
that éf Cape Liddon, and accofﬁingly show & mean'aﬁgle Tor the lupsle

of 33.1°,
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The differenqes in_steepness,-whiéﬂ‘éﬁ not exceed 3‘50 between highest
and lowest locale mean, are thus attributed to variations_ in the height
of'rockwall as it determines the amount of débris which is falling and
" ‘the amount which'will aqcumulaté oﬁAthe'siéﬁes.below; -

Results of the twé;wajAanalysis oftvariéﬁcé performéd oh.rbck—
fall dominant slopes are summarized in table 4 as 'F' values and
cqrrqspondihg eta statistiés for size and shape parametefs. Ten éf the
'fifteenfslopes considered display significart arrangemsnts in size (at"«
the level of a = .05), and variation in size between siope zones is
significantly greater than 5etween-fragment variation in éll,cases.

On none of these ten slopes is lateral size variation significant. The
remaining five rcckfall-dominant slopes are homogenzous in size
'variation; that is to say that zonal and lateral arrangement in size is
not significantly greater than the error from all unassignsd sources
(Griffiths, 1959). Ahglysis of the eta statistics on all 15 slopes
reveals that in all cases but one there is a higher correlation betwesen
. size gnd gonal arrangement than between size and lateral arrangsment.
' This result evidences the overation on these slopes of fall-sorting.
If.the éffect‘of other variabies such as élope roughness and height of
fall is constanﬁ, the lgrger the rogk fragment the greater will be its
kinetic energy which in turnrdete:minés its length of travel downélopeo
It is reasonable to expect that.there Will be a greater visual and
statistical trend towards variations-in size to occur over dcwnslope
rather than across-slope distances,

In viewing individual localities it is found that correlation

between size and zonal arréngement is higher on the three Caswall Tower

‘slopes. than in any other locality. The two slcpes CAS1 anﬁ CASZ baz



TABLE 4

Summary of Test and Relationship Statistics for ANOVA of debris size and shape on Rockfall-dominant Slopes.

Slope SIZE FIATNESS

- - SPHERICITY
Location Between Zone 'F' Retween Lines ‘F' Between Zone 'F' Between Lines 'F' Between Zcne 'F' Betwesn Lines 'F'
(eta) {eta) (stea) (eta) (eta) (eta)
CASL 148, 59% 0.0lns 1.1%s 23,15% 3.,78" 8, 78™
(.71) © (.00) (.081) (.27) (.16) (.17)
cAS2 38.21+ 0.77ns 1.46ns 11,72+ 3,40% 14,85¢
(.45) {.05) (.10) (.038) (.15) (.22)
CASH 18,27+ 0.69ns 1, 76% 0.€0ns 58, 54t 1.10ns
(+35) (.0h) (.47) (.0h) (e17) (.063)
Cil 3.03% O.ﬁan 0.08ns 0.43ns 0.60ns 0.08ns
{.14) (.00) (.00) (.032) (.063) (.00)
cL2 13.20" 1.2lns 1. 4ins 0.62ns - 5,76 1.37ns
: (.28) (.063) (.095) (. obk) (.19) (.o71)
cL3 2.4lns 0.07ns 5.10" 0.06ns 5,707 0.15ns
(.13) (.00) (.18) (.00) (.19 (.00)
CLA 3,48* 0.38ns 1.91ns 0.72ns L, ou* 0.16ns
(o14) (.032) (e11) {.0ll) (.16) (.00)
0



Table 4+ Continued:

Slope SIZE ‘ FLATNESS o SPHERICITY
Location Between Zone 'F' Between Lines 'F' Between Zone 'F' Between Lines 'F' Between Zone 'F' Between Lines 'F'
(eta) v (eta) (eta) ‘(eta) : (eta) (eta)
™ . 1l.2ns 2.29ns 6.40% 13.11+ 0.28ns 9.32%
G 12,90 1.9%ns BT e 0.00as 1 2.20ns 0.70ns
' (.28) (.084) (.33 (.00) : (+12) {.o4L)
R¥L 0.99ns 0.l4bns 2.42ns _ S 642" | - 0.63ns ' 29"
(.084) (.032) (-13) | S - (.063) (.\12)
B2 2,76ns Cul2ns st T i.76ns 2.57ms  o.i2ns
(.13) ~ (.00) (.16) T (.006) ' (.13) (.00)
RK5 18.,01F 3.3lns 3.18ns - 0.%8ns - 2,3%ns 0.08ns
{.35) , (.023) (.12). . (.032) (.13) (- 00}
RKS 16,71+ 0.C0ns 0.79ms | © 3.50ms 1.16ns  4.08ns
O G3R) (z00) (071} | i) o (.089) (. Olsk)
RKG 2.78ns.  0.%8ns et 6.22" | .27 583
o (a3) : - («055) | (.22) (o14) - (.15) ’ (.1l)
RKL0 5,63 2.79ns 0.72ns 7,73 " 0.btns st
- (.19) (.095) (.071) ‘ (.16) (.063) (oil)
+significént at .01 level 51gnif oant at .05 level =~ ns not significant -
0

ON
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eta values of 0.7L and 0.45 respectively. At Cape Liddon, three‘of four
slopes have significant arrangement of debris size into zones. The
highest co:relation, 0.28 is found for CL2, the slope which was.
partially affected by basal erosion but was included as a rockfall slope
because of the réquirements of the statistical design., The relationship
between size and zonal arrangement is much lower at this locale than
at Caswall Tower, and it is proposed that sorting strength has been
reduced on the Cape Liddon slopes because of greater slope stegpness‘
inherited frgm such factors as narrow beach zones and higher cliffs,

The only one of the 15 rockfallédomingnt slopes on which the
lateral effects account for a higher proportioﬁ of non-error variance
 than zbne'effects.is found ai tﬁe Iﬁland plateau'lqcale. This lﬁteral
arrangement on slope INi, ﬁhoﬁgh, is not‘Significantly greéter than
between~fragment variance, and the slope is statistically homogeneous
'in size variation. The othsr Inland slope, IN@. bears a more typical
significant zonal arrangemsn® in size. The results from these two
slopes are difficult to ihterpret in tesrms of fall-sorting becauée they
are scree slopes whose rockwall has long since disappeared. The major
influence on zonal arrangement is an area of cliff-remnants whére
large plates and crags are found; arnd although it may contribute to
gonal arrangement on INU it doos not significantly affect slops INi,

On the six rockfall-dominant slopes at Cape Ricketts, only
three bear significant zonal arrangements in size. Even where size
variation is homogerieous, zonal effe¢ts'are-more closely related to
. size than lateral effects. Hence fall-sorting is probably still in
effect here, although_its strength has probably béen reduéed‘ﬁy tﬁe

high surface roughness experienced on these slopes,
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Both flatness ard sphericity values are employed to determine
-shape of debris. Table L+ shows that 12 of 15 slopes have significant.
shape arrangements, while_theAfeméining three are homogeneous.
Individual locale statistics indicate that all thfee‘ééswall Tower
slopes bear significant shape arréngemants. The two south-facing slopss,
CAS1 and CASZ, have both lateral and zonal arrangements in sphericity
which are 31gn1flcant, aTthough the eta scores for the former are V
higher than for the 1atter. In comparing the two shape parameters,:
spﬁerlcltv reveals a higher degree of a5°001at10n with lateral effects
than does flatness, On slone CASL hOJever, the <1tuat10ns are
reversed with Ilatness and spherlcluy rore ctrong'.l;y correlated with
zonal arrangement, wnlle flatness has a better relatlonshlp w1tb 20
effects than does sphericity.
At Cape Liddon, three of fouf_rgckfa11~dominah£vslope§ are
foﬁnd to have-significant shape arrangements over their surfaces, and -
_these are all characterized‘by significant zonal arrangement. Only one
.of the three also displays significant flainess arrangenent. The
hlghest correlations for shape are found betveen zona1 arrangement
* and sphericity on all four Cape Iadnon slopes. Thus even though slope
: Cli has homogeneous shape variation, the zonal -arrangement in -
* sphericity still bears the best rclationship for shape, as ocecurs on
the other alopes. - .
‘Both Inland plateau slopes prcduced significantIZOnal
arrangements in flatness, although on IN1 -ign izant lateral effects
- in both flaﬁnes and sphsrlclty are also fourd. The correlation w1th
lateral effects, however, is hlrher than for gzonal effects for both

shape parameters on this sloype.
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Finally, table & roveals that four of six slopes at Cape-
Ricketts have signilicant shaoe va rlatlon. Two, RKS5 and RK6, are
homogensous in shape variation, dnd havppen to boqder the major strean
cu£ in this locale. Both flatness éhd sphéricity héve-significant
lateral effects on two of the four slopes, with fiatnéss having a
siightly Jarger correlation ratio in bothAcéses. On the other tﬁo
51opes with significant shape affangements, R¥Z has only a significant
zonal effect in flatnes 53 while RK9 dlsplays both significant
arrangements for flatness»anﬂ sphericity. Zonal arrangements are Best
-correla ted with both flatnessuand sphericity,on this latter slope.

If both size and shape characteristics are combi aed t is
found that 7 of 13 rockfall-dominant slopes heve btoth size and shape

.

arrangements which are significant, while 3 pOSSQaS significant siz

(o)

arrangements only and 5 display only significant shape arrangnments.
Gardner (1968) states with accuracy that the term "sphericilty" actually

is interchangeable with "blockiness" in debris slope studies because

1

of the great anguwlarilty of material. Blockiness ¢bwiously has greater

bearing on studies of @ebris size tkan flatness because the former
affects the fal?ésorting process. The more bloeky the rock‘fragmegt
the greater should be its size and the farther dounslope it will
travel, given constant surface roughuess and siope angle., Cne might
.expect zénal arrangement 6f sphericity (bLockiﬁ,ss)then. on slopes
affected only by fall-sorting of rockfall material. The data indicate
that there is a stroug trend towards this zmonal arrangement in
.blockiness, since coefficient ratios show that 10 ef 15 slopes do
possess this characteristic;. It has alsb been discovered that 14 of

L -

‘15 slopes have a greater zonal arrargement of size than lateral
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arrangement. Thaf these trends aré discernible atitests to the value
of the eta statistic. Size and shape then appear somewhat related on
rockfall slopes due to the fallfsorting process..

Slope THL is the only slope with a lateral effect higher than
its zonal effgct oﬁ size; and it also shafes the distinction of being
one of the fi?e slopes which do ﬁot héve.zonal arrangement -in blockiness.
The other four also display significant'lateral'arrangements in flatness
~as well as in sphericity. ~Bloékiness is a paraméter:thét,will depend
upon many vafiablesrsuch as spacing and'preSencé of joint patterns,
bed thickness and fracture broperties of the parent lithology.- Howéver,
when flatnsss is eéually dowinant on a slope it strengthens the premise
| fhaf conéiéient'vafiafibn_'in'béd thicknég?tqccufs;. On thé“S slopés“
in question,-then, sphericity varies less in downsiope fashion than »
fhat flafness vafieé moré iﬁAa 13£era1 direéiion than dewnslope ray . '
be a result of nen-uniform dissection of the free-face so that pockets
of material with specific.flatness éharacteristics wiil deveiop under
different sections of the rockwall, Uniformity of shape variaéion
_ here indicates that dissection of the rockwall ard all of the exposed
beds within it is uwniform, creating an assortment of shapes which are
dapésited alongside each .other. It appsars tlen that there are
v#ertain‘trendé in size and shape characteristics of rockfall-dominated
slopes, which can be discovered by the use of the relationship statistic
when ordinary test results are not especially insﬁructive.‘

Vector analysis of the 87 debris samplés fron rockfall-dominant
slopes irdicates that oniy 22 of them,.ié. a'mére 25% di;pla& a preferred

orientation (significant at the .10 level). Table 5 shows that only



TARLE 5

Directional Preferences of Significantly-Oriented Samples on

Rockfall-dominated Slownes

SAVPLE SITE MEAN VECTOR SLOYE LXVEL OF
) DIRECTION PREFERENCE . SIGNIFICANCE
Cll top 1 262° c .08
CL2 top i 222° D .05
CLY4 base2 138° D .09
CIA mid 2 143° D <01
CL3 mid 1 . &5% W 06
CL3 top 1 - 139 D .05
CINI- base 2 175° D .07 .
INL mid 1 265° c .01
INL  mid 2 137° D .10
CASL mid 2 88° C .06
CAS2 mid 1 251¢ : C .07
CASY base 1 93° ' c .08
RKL, top 1 87° C .05
RK2 mid 2 141° D .06
RK2 top 1 49° c .07
RX6 mid 1 43° D .10
RK6 mid 2 353 D Noi
RK9 base 1 1440 D .10
RK9 ‘base 2 700 C . 07
RK9 mid 1 92 c 05
RK9 top 2 232° c .07
RKLO mid 2 185° ¥ .05

C: cross slope

D: dounslope



eight of the twenty~two samples are'significahtly érrahge& at the more
stringent level bfva = .05, and allfbf'thesefafe fourd in ths upper and
middle slope,zones. At the a = .lp.level of significance 11 of .the 22
samples are found in the middle slope zone, ie. 50%, Preferencés for
either downslope or cross—slope directions are approximately the saie
over the slopess The diagfams of figﬁre 15 do indicate, hcwevef{_thét
crossfslppe’orienﬁations’are much morgistrongly aligned than are the
,sighifiéant downslope~oriented samples.

| On these slopes itvéeemS‘that debris found.in theAmiddie zoﬁe
is ﬁoreilikél& to béér:a Sigﬁificant directional preferencé whiéh nay
be either doinslope cr éross~slope; depen&iﬁg‘u$$n‘whether or not
;sliding of :olling takes plgce.» HDWever; surface roughnesslgreatly
affeété the degree 6f crisntationy since é smooth, densely-packed
surface will allowvslidingrof:rolling to»pcéur with 1ittleAinterference,
and preferences will therafore devélOP. Tt is the middle slope zone
which first presents surface resistance to larger-sized material
moving doimslope and thus may bring them to a halt. A friétionle§s
.surface}is more often féund in the uppef slope_zone because of the
“small size of material there; and significant orientations are also -
likely to be found here., The diagram of downslope orientations in
figure 15 may reflect the influence of surface roughness, g%pecially in
the middle zone; for the final position taken by rolling material hers
‘will bé‘affected‘by a blogky‘surface.: The cyCSSéslopavorieﬁtafion of
the long aiis,vassocigﬁed ﬁith.iolling and bouncing of debris, Will
.be rotated dowﬁward but will rarely féach 180° (downslope) because
of the high fricticn encountered. Figure 15a'indicat95*this wide

variation from the downslope position.
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The low number of preférred orientations found on rockfall slobes
(254) is explained then by surface friction encountered by falling '
material. That the directional preferences are split between downslopé
andAcross-slope reflects the equal likelihéod of sliding along the
'A' axis or rolling about the 'B' and 'C' axes of debris after it
falls onto the slope. Orientation of material by itself does not
then appear to offer any major clue to the process which dominates

these slopes; rather it must be related to prior information and

observations.
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Figure 15

V Alignment of significantly-oriented samples on Rockfall-dominated slopes.

A, dowmslope; B, cross-slope..






S1.OPE MORPHOIOGY AND RUNNING WATER

(1) The Process

The collective term "running water" incorporates thé processes
V_which require sgbstantial quantities of water in crder to hecome
influential in slope alteration and development. The category has
two primary components in thes study area: suvbsurface énd suvriace flow,
with common sources bsing the melting o1 voth snow and permafrost
during early summer. The nature of removal, transportation and
depoSifion of slope material is a neceésary part of this discussion,
which inecludes slush avalanches and flow phenomena requiring initial
saturation of snow or debris by meltwater.

The importance of meltwaltsr on debris slopes has been
generally disregarded in previous work, but observations of its
éharacﬁerisiics in the stﬁdy area indicate that it is werthy of
attention, ﬁel@waﬁer first begins te flow duriﬁg ezrly June on
southwest Devon Tsland when daily maximum teriperatures bsgin to rise
above the freszing point., leltwater is primarily derived from abiaticn
of the surface layers of winter snow accumulation, and its first effect
is to permeate downwapds into the snow body. - Szturation of snowpatches
located in rockfall funnels or chubtes in the rockwall may result in

siushflow, in which & tongue of satunatod snow flows dewnslope and

=

incorporates debris within its fiow as it moves downslope.

Occzsional +32 F temperatures eventually give way to a period



of sustained ubove-f‘rpezn_ng tenps rafuros ard result in a period of
maximum snowmelt. Thié is a shor’_o_per:fmd during which peak water flow
conditions preveil. During this period sﬁrface snow largely éisa.ppeax‘s
and subsurface permafrost begins to melt; but it is when the two forms
of mel’cmaﬁer are being produced 'si_multaneousiy that fnost of the work
~of running water is a-céomplished' and f.qost of its associated features
are formed.- On_ southvwest Deven Island the 1970 maximum melt period
occurred between June 25 and July 15, allowing approximaf.ely three x-ereeks
for the melting of the ‘pfevious winf;ers unusually high snowfall,
.O‘bse‘rver'l. during this time, the influence of runnlvxg water on debris
slopes was consifiered wer.helmwg 1n Iragm.tude.

..By July i5, most oi thp surface snow had abiated leaving only
the meltwater derived from p°rﬁnm.al snownatches aMd the gradually—
lowering permafrost table_e Rates of Amelt for the permafrost table

decline; however, with increasing depth of the table because the ever-

I

“increasing thickness of debris cover becomes increasingly more
effective as an insulating layer. By late summer, then, surface runoff
has been replaced by an ever-diminishing subsurface flow of permafrost

neltwater,

(2) Obc;arvmd BfE ecto of Surfacm W2 ‘ter F,Lcwr

The presanrce of rumning water on d.ebris. slepes was most s{,ronnly'
felt zlong mé present C]..LffeCl coasd._me extending from Cape R:Lcke’c.to
to northermmost Cape I.‘iddon‘. - The nature of surface zmmoi"f‘ is best
i1lustrated by observations taken from Cape Liddon slopes, while thse
various erocsional and depo'sitional features are descrited as they

occur at. bo th Cape L;d« on and Caps Ricketts,
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The adventbof sustained abéVe-freezing temperatures after

June 25 caused plateau~-derived meltwater to concentrate its flow down
the natﬁral gulliss and crevices created by rockwall dissecéion.
Since these gullies ofteﬁ lead into rockfall funnelé;  many SIOpes
were affected by concentrated gulleying of meltwater. The flow tended
to be sporadic in naturs, aé streams were seen to emerge and disappear
at differant‘stages over the same sleps, Entrenchment is acéompanied
by su#face erosion of the permafrost tgble which is very near the

slope surface at this timss In areas of thicker debris accumulations,
streans often dispersed after_enteriﬁg ﬁhe nzterial., HMeltstreams all
reached slope base eventually, either flowing straight down to base
or emerging in meny rivulet ferms at the slope-beach interface. Vater
‘was then obsérved‘to cross the shorefast ice and carve deep ﬁeanders
into the sea ice as it streoamed out into tidal cracks or 1éads. Plate
12 porirays the gulleyihg zetien of meltwater in operation. The
gullies carved out in this fashion were observed to dry ﬁp following
the cessation of msltwatef flﬁw‘and serve to accumlate and channel
rockrdebris downslcpé during the summer months. Occasionally they may
become‘infilled, | |

The surface runoff is similarly an important agent of

transportation and deposition of slope debris, Albng Cape Liddon many
high velocily streams were carrying dowm organic matter, excretions
and other litter from the extensive gull rookeries high in the eliff-
faces From the sloves, meltwater transported frost-shattered fragments
from the slops necks down to the base and deposited them on the snow
and ice covering the slope in this aresa. Samples of this deposit havse
been analyzed ard compared with samples taken from the slope neck ahove

it.
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In 2 similar manner a hcrseshoeméhaped snowbank extended écross»slope
at the base of slope CIA4 and was capped with fine~sized debris. In
1969 this slope had beep cqvered in‘one particplag basal spot by fine
sand ard silt overlying thé slope debris. Its origin ﬁas uncertéin, |
bﬁt from Qbservations of this énéwbank feéturé in 1970 itbwas possible-
to ascribe the origin to -ablation of the snow and subsequent deposition
of the maﬁeriai‘which had flowed onto it from the adjacénf slope. This
méteriél was also analyzed-for éize distribufidn and the resuits'foliow.
'Figure 16 shows the size distribution curves of both sets of
samples., Sieving:was perfbrmed‘down to g’.O phi (,0625mm) diameter.
The curves of both CLA sam?les are similar in appearanée although the
- basal sampiélconﬁains mucﬁ lg;s coérse maierial. Siﬁce the ba§al |
deéosit was derived from the adjacent slope, it is of no real"
c§nsequence_that noh-parametric Chi-Square testing proves the two
. samples significantly different ih»size disfribution at. the .01 level
of alpha. The curve does however indica£e the size range capable cof
being transformed dounslope by'flowing'ﬁhen satﬁfated, Silt and clay
fraction of the sampies is small, comprising less than 1% of the total
- weights while the majority of material is in the -4,0 to 0.0 pﬁi size
rangs.
The differences between samples at the top and base of slope
CL2 are guite distinct. They are significantly different in percentage
éize distributions at the 01 ilevel of élpha, and their curves are
highly contrasted. .Very 1ittle coarse debris is found in the basal
‘sample, while silt and clay comprises 18.3% here compared to only 4.2%
. of the ﬁpper sariple., Meitwater then appeaés‘té selecﬁivel& fransport

fine-sized sand, silt and clay downslope during the meltwater period,
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Figure 16

stribution curves for meltwater deposits and debris source areas.
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leaving the coarser debris behind.

The carving of gullies on slopes by surlace meltwater streams
has in some areas of Cape Liddoﬂ ﬁeen responsible for the depositionA
of tans composed of coarse-sized debris at slope base. These fans
often prove only temporary if built over the shorefast ice;.but where
'the& aré developed farther back beﬁind the highest storm ridge they
do tend to be positive contributions to slope development and profile
change by extending the slope foot or in some cases covering a former
basal-cut section.

‘An additional effent of surface runoff ‘in the peak melt-period
is the éaturation of snow by meltwater to cause "wet" or "slush”
avalanches., The snew is often iccated in rock{all funnells or on the
edge of the plateau surface and if the deposit is large enough the
séturated snow will eventually begin to fiow downsloée; A sporadic
proéess, it'may be an svalanche or simply a *£1ou" deperding upon
"the quantity of snow involved. There were many irdications of slush-
flow activity on Cape Liddon sloupes during the initial phass of the
peak melt-peried, such as the tongues of dirt-and-devris-laden show-
balls resting at base (plate 13). The debris; generally less than
50mm in diameter, is incorpcrated into the slush as it flows downslope
and ends up as constituent material., ©OCn a2 larger scale 2 slush
avalanche had taken place along the coast easf ol Capse Ricketﬁs. Flate
14 indicates the enormity of the avalanche ard the amount of material
it picked ﬁp as it descended a 1arge‘me1twater gulley from the plateau
surface. Ihe avalanche depoéited material over beachfast and sea-ice
to a distance nearly 100 metres offsﬁoree Suchié feature is not

likely to be common except in the mmusual coincidence of 4 high



" ” important to emphasize the sign ;
- 'minilﬁzing the changes created E& me&tﬂtter cctivity on debris slepes :

: debris transported to base is s

f<3>;«;°

etfecf, of surface flew,

'i a.nd the south and west-facing Caswall T
B ‘a basal 'break—in—-slepe chaMQteristic o:r "
erwsion processes. : Thsy ha:?e elsa been re
: mpp 61 960a Je This accum!atlon featm is
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winter's snowfall accumulation and' a rapid thaw pericd‘ in: springt

'_ In dlscuss:mg the importame of. surface melf:water it is

.;»
\

role played by ice-rafhing in

in 'bhe area. _ Many features are. : ebiiwated because they are fomed

on ice vhich: is eventually carrised out to sea. Much of the ﬁne-su.ed

Jy%removed by rartmg bqfore it

, can be incorporated :mto slope baaa:i* ec:tensions. Ice raft:mg t.hus
e serves as an output process fagr thaez_,_abr:tis s]_opes and as 5““}‘* efxerts
cmémergble influence on slope wo}.nt%on, thmxgh in a msgative sense.
By ‘1imitiang the amount of debm avaihble Lor baach acemmlation and

r’ ffect.s of Subsur__

'Ihe mel’cwater which mcvsfo ' Qova ﬁm ;aemfrost table but below

s 'Ehe aqﬂuel slope surfaee is eonsﬁdered seperately as a process affectlng'_
debris s{lope morphology, althéugh i;:s effee!t.- is seasonal as is the -

pe featnre common: te the Cape Ri.cke Inland plateau edge,
; is the &ebris n'ound,

:'Ized .bg ‘suhsurface

T mmegx ecting in the peak melb-rperiod with s ghallow oermaf?ost table.
. Suspended fines are’ depcsited at the poin mfwhnre reductzon im slope
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to form 2 mound. The characteristic transverse "eracks” which run
behind them are formed after the 51it and clay mou mas nave accumulated
- te sufficient height to force subsiding meltwater flow along the rear
of the features, parallel to the mound erest. These mounds generally
extend 1aterally across the whole b%se of the debris slopse. These
features are more commonly found on the Jow-azngled slopes between
crests of raised beaches iﬁ the study area.

Debris "flow" is also associated with subsurface running water
ard is common to the Inland plateau edge and Cepe Ricketits aveaé which
are similar in slove andle and state of development (VITXT, (1)). The
process can be termed a flow movement vhich is very similar to mudflow

ferred Yo as "debric flow" for

<
e
V]
]
[}
e
O
i3
3

or eaithfiuvw vhenomenz, bu
purposes of debris slope studies simply hacanse the former terms make
specific implications about the type of material involved {Gardner,
1968). On low angle slones, especiallyitalus cones affected by snow
avalanching, debris flows have been occurring ﬁith regnlarity. The
process creztes a lobate feature called a detris flow lobe, which

stards clearly as a surficial deposit on the debris siope suvrface.

(plate 15). The lobes sampled in the study area are shown in figure 17
They have frontal lobes which are more irreguizr 21nd broader than slide
tongues, ranging‘from 8 to 12 melres in width. They are also lower in
height (0.221m to 0.26m). The highest point occurs at the lobe front
itself, Thelir surfaces are generall& composed of fines with

occasional large slabs whose size ranges from 218mm tq 528mm in length,
The slab orientaticn is in a dowmslope direction but tends to follow

tﬁe axis of fiow of the leobe.

Lobes are commenly asscclated with surface rﬁltwa ter gu¢1mea
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which lead into them from upslope areas where fineé accunmulate, These
gullies are not evidence of surface runolf but are evidence of a debris .
flow which carved its own channel downSlope.‘ On many lobes; “ripples”
afe'displayed on their surfaces; appearing as small wave fronts
proceeding in an upslépe direction (plate 165. The fipples sampled
are not very distinctive on the surfécé, having heights ranging ffom
.095 t0.,135m at the frontal_"lip." The fronts of two samples ﬁere
1.5 ard 4.2m broad., The ripples appear coversd on thé surface by much
debrié which is smaller in size than the lobe surface slabs mentioned
above. Samples'df fhe material ccmposiﬁg the rippls frogts were taken
for comparison-with‘material composing the lobes themselves, énd are
discussed later in this section.

Slopes on vhich lobes occur are compoéed of an upper
accumulation zone of fine-sized debris which is loosely~packed. This
situation erhances saturation by subsoerface meltwater seepage,
especially in fhe early part of the p=sk meltnperioﬁ when the permafrost
table is close to the surface. Within the fines, resistance to shear
is overcors when the material lozd is ivereased by wateé; thus the
shear force is increased and the lubriecation effect af;water is
‘sufficient to veduce the coefficient of fricticn between varticles
(Strahler, 1952). The mass then fléws downslope in lobate form,

,

leaving a carved chamel in its wake by incorporating debris in its

fte

path, Velocity of flow is greatest down the flow axis and weakest

at the lobe sides, When the cessation of mbvement cccufs ﬁaﬁeifronts
on the surface may develop., Some lobes have been dissected by surface
runoff, which takes advantage of the channels created ard uses then

to funuel snowmelt or rainwash downslope.
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Figure 17

Pian form of sampled debris flow lobes and levee systems.
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They may be used again as courses fqr—éubsequeni debfis flows; and
vhen this occurs the features known as debrisvflow "1evées" are often
created on the channel sides by fhe overspilling of flow material
(Sharp, 1942). A single debfis flow of Jarge proportidn nnyfaléo be
responsible for a leveed channel (Gardner, 1958), These forms have
been observed elsewhere in Arctic areas (Rapp, 1960a; Stock, 1968) and
in the Canadian Rockies (Gardner, 1968), where they ére attfibﬁted to
heavy rainfails. Heavy rains are'unusual_in'the Eigh Arctic, and in
the study area saturated flow is Eeiieved due to unusually heavy
, winter‘snow éccumulétion, éll of which melts in late spring. Each flow
leaves several lobate deposits at the mouth of the gullies, and levees
which are high depositional forms on the coarser talus surface (plate
17). Several trends appear from the study of the levee system on
- slope RK7. The size of debris slabs on levees increases upslope, since
larger slabs will be depbsited éarly_in a flow. Levee height generally
‘decreases upslope, and on those measured, the highest point was
attaiped where the flow lobes energed from'theAgulley. Levee width
also decreases ﬁpslope,'froﬁ approximately 4,5m to 2.5@. On RK? the
left levee continues upslope &n a&ditional 33m after the opﬁosite 16be
fades out; and the left lobe is“3.6m wider ahd 0.36m higher than the
right at mid-slope. At the lower end of the leves system, the right
levee is wider and higher than the left. | |

The t&pe of material within levees is predeminantly finemsized
materizl impregnated‘with large blocks. The size ranges ffqm pebblesi
dowmn to fine sand,-wiﬁh #.9% of a sémple takén»being silt and clay;
The levec sample distribution was found not statistically diffevent

(at the significance level of .01) from that of the lobs at its base )R
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Size distributionAcurves fothhe‘lobe,and.ripple'samples ere
shewn iﬁ figure 18. ﬁost material is in ﬁhe fahge of cobblesvto very
coerse sand, but the percentage of silt and clay vafied slightly. On
lobs A it is 4.8%,0on lobe B it is 4,74, and on lobe D 5t is.9.9%. Tt
is less than 1% on 1obe'C'Secause the lobe.hes been effected by‘
meltwater dissection which has removed much 6f the fine fractioh. On
lobe D it is high because of the greater amount of activity occurring
here. A ﬂon-parametrlc Phl-Square test De“formed on the rlnple
dlstrlbutlone showed no difference between the two; butvwhen,teSued
_against lobe:Afthere is a difference betWeen_rippleAendvlobe
distributioﬁs?: Analysisnshews the ripples to contain smaller silt ard
" clay fractions (less than 1%), and higher quantities of coarse ﬁebris
~ than lobe A; and thrus fﬁey muet_haveibeen5the iioducfsﬂef movement of
only the upper layer of surface éebris on the slope.
| Suosurface runo;f has been studled in‘the coastal zone near
‘ Cape Ricketts. The patterp and rate'pf flow baveAbeenvstudled by
tracing water movement with Rhodamine BN dye (40%+solution) on three
'seberate slepes ender varying.eonditionsof meltwvater flow, Profiies of
the three cones selected are shown in Apneud4x I1 (2). |
Flgure ;9 1ndlcates the waterfall flow patterns. On slope 1
the suﬁsur;ahe covrse was to the 1eit of tbe °lone and down below the
-inter-cons depres51on. The rate of flow 1ncreased from p01nu Eﬁ~uo Cis
wnich is due to a greater slope gradlentvln the direction of the
depression. Waterfall meltwater was not traced elsewhere, and flow
observed in sites downslope is believed to be permafrost-meltweter.
On slope T2 the waterfall followed a simila cdurSe in flowing

) dlreetly off the cone edge and down the inter-cone deprassion.
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Figure 18

Size distribution curves for debris flow lobe and levee samples.
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Figure 19

Subsurface melitwater flow patterns.
A is waterfall test;
B is snowpatch meltwater test;

C is permafrost meltwater test,
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‘i‘he d&sa appeared oﬁly :m .a.- tiéai "crv:,.tcck >_off éhci'é, ha 'ing complef;ely
_ bypassed the network of sample si‘_bés on the slope {plate 18).

Rates of flow shown by "tableA 6 indicate high velocities for
the waterfall flow, which increaseé rapidly when the wéter 'enters the
inter_—gone passage. It is likely that snowpé.tch rmelt from the
ad jacent slopé_ neck is contributing to i the volume of water passing
down the depression, :

Patterns of flow for snownatch meltwater are also shown in
flgure 19: On the two slopes T27and_ T3, 100ml of tracer dye. vas spréad
laterally in a trénch dﬁg across ths core lﬁeck:. On T2 some ddwﬁslope-
flow ,éccurs f.o the right, but it :’L§ draim off into the inter-cone
deb‘v@ss:ubﬁ after cnly 20m of flow, Qn~ ﬁ:_xe defi side " ths water flous
LOm before running :'mto the interi—con;e‘depression on its left., Water
which appears elsevwhere over the slepe is _.atfr:’u._bu_téd to melting |
pemuafrost.v On T3 the flow is offslope to the inter-cone depression
somewhere beyond 20 netres downslopa. 'th dye was traced or the right
side of the slops, but it is likely. channélled §ff to the right. Rates
of flow are g:,nerall*j lower on T2 +than tlr"y are for taterfall flow,
ranging from 100 to 125cm/min. on the uppér left of the slope, and
" only 3b.ken min. oh the right (table 6). On T3 the initial flow wasg~
'222cm' wir ’ but u:pon' reaéhing the 'iﬁterucoﬁe' depression its rate
:mcreased to 833cm, min. | |

The ‘onrmafrost—molt test was performed in Augus‘b on slope
'VT2, and its i‘low pattern is shown in f':Lche 19 B"Jc was first placed
at level B; but when it failed to appear do*.»mslo z after several hours,
an _equal amozmt of dye was placed at a lower level D. Although water

was cbserved to flow out from base, no dve appearsd from D level,



~ TABLE 4

Ratos of Flow for Subsurface Meltwater Patterns

- TIME OF TRAVEL

TEST SIOPE  SAMPLE POINTS DISTANCE TRAVELLED RATE OF FLOW
’ (metres) (minutes) (em/min)

Waterfall L A to B 20 24 83.3
Melt ™ LB to o 20 16 125
T2 A to tidal crack - 100 30 333
+ Snowpatch T2 By to Gy ' 20 20 125
Nelt 72 C, to Dy ‘ 20 30 100
T2 By to Cy ' 20 55 36.4
T3 A to By | 20 9 222
73 B, %o, ,» 50 6 833

011
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"Zém upslopss ~ It then apnears tnau pﬂrmafrost melt water at this tlﬁe
of year is S1O"Gr than 1n the peak me+t-per10d because the pernafrost
Vtable is much iower and thus 1nsulatnd from heau by a thlcker debrls

" cover. Tracer dye must move phrough nore debrls at a slow rate,_and
iitvcohsequently adherass to the surrounding material. The pefmafrost-
melt has no dexlned flow pattern ard is llkely derived- only from

localized catchment areas

(45 Préfile ard Débris Charac *Aw*stids

Surfdce neltwqter of all klnds in the melunperlod is resp0n51b1p ,

for the downsl)ne transnor atlon and dep051t10n of 1aroe qLaﬂt’tleS cf
silt.and clay at slope hase. Ihis fine fraction is deposited on the
beachfast ice at Cape Liddon and is thus removed from the area wher
the ice breaks up. Some silt is biown aﬁay by winds when‘ 7y while
.311h which adheres to beach gravels is Washed away when open-water .
-corditions arrive. At the other three localities? the silt accumulates
ét base in the aEéenceﬁof reméval processes and férms £hick silt |
carpets. | | | |
Subsurfaée meltwater action would not be ef fecfxve without’
the variations Of‘ihe‘permafrdst table slope. The sample points from
tracer stulies indicate that when talusAdebris'has.no:sigﬁifiéant
' létefélivariétibn ih.siéé,.théﬁ<ﬁﬁeiéfOSSnsidpe.pioiiié Qf‘tﬁé under-
lying permafrbs£ wili complement that of fhe é&erall slbpe chss-pfofile.
The exception is when large blocks occur to create a deeper permafrost
| table, due tollérge interstitial spaces which gilaw warm air to |
penetrate deeper. In the waterfall tracér tests the wéter_fléws at

high vplcclty and seeks ot tvthevsteepeSt gradient; thus it follows

3
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the ﬁatural depressioﬁ caused by convex =dges of o adjacent talus
cones. With no flow cbserved in the centre pits (fig. 19), results
of.snowmelt tests indicate that the permafrost table profile seems to
be conducting meliwater off to the sides énd dothlope. The waier
entering a slope, then, does not necessarily flow in sheet form downslope,
but is concentrated into rivulets by the permafrost "micro-relief." This
concentrated flow is ieés effective in late sunmer becauss the
ﬁgrmafrost table is lower and smaller quantities-éf water are availahble
Ato‘percolate through an increased volume of debris.

Qll"the v§rious typeg_of flowvafféct iny_a small seq?of of'the
slope, but at the same time they all enhance the slope profile by
removing subsurface fines to ths inter-cone de;messions-and downslope,
-Snowﬁatéh ﬁelﬁféter follows a flow pattcrn dictated by thé permafrost
micro-relief, Since the volune of water is less, then water is less
channelled and so it fiows further downslope before veering to the left
side. That the flow on slope Té gees both left and right but not dowm
ceﬁtre again reflects tﬁa control oxerted by a convex psrmafrost table,
On TB; the permafrost relief is more varied, with a steeper gradient
towérds the left; ard hence “1e snowmeli flow on T3 is to the left only..
Thus the mid-slope areas of a talus cone are not subjected to as mch
mélf%ater psrcolation as the coné sides, which mé#ns ihat more chemiééi
erosion and transpértatioﬁ of fines doun the’sideé is enhancing thé |

cona's surface profile, During the meltwater period then, subsurface

flow becomes an erosive and transvorting agent important te the
development and maintenance of talus slope profiles. Talus shsets,
howewver; are more likely affected by slovewash from melting snow

than by channelled subsurface fiow,
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Runnihg»ﬁétermdéminated sloves ére those which:areaobéérved to |
have been recently affecbed s1gnlllcantlv by ourface or subsvrface
runoff . and by slush or snow-avalanchlng. Tne latter process was not’
'aééually'seéﬁ on many slopes, bﬁ£ it is suspected tha§ ‘cones RKB‘ 7
and 8 have been influenced in their development by slusﬁ avélanchiﬁg.
Their 1owrangles, rockfall chutes, smooth surfaces and éxtenéive
boulder>apr§ns are indiczators of this activity which have been cited
_-t}y Rapp (1960a).
Tweﬂty profiles are derlved from runn_ng uater-dOmlnated slopes~
..and. of .these, concav1ty is the most. dcm:nart form recorded (table 1). .
Nineteen of twenty, or 95% of the profiles are completely or
predcmlnantly concave, whlle the remaln;ng proflle has equallty of
convexity end concav1ty. mhls exceptlon is fourd at Caswall Tower,
whére the slope in questiion has experienced extensive slump action on
its long faluslfoot;'adding a convex element to the slope. On qtﬁer N
slqpes,'slushflows and slﬁshAava;aqches sweep debris out of the slope
mid-zone, contriﬁuting to the developmenﬁ of concavity by extending the
basal fodt._ Smaller pvocesseq such as debris flows and mlnor s’umpu
willninvOlve only ‘a small proportlpn of the total slope area and may
~not therefor* bc especL 11y 1mpo:tant 1n affe'f¢ng proflln on some
slopes. In tnat case the ba51c concav1tv produycd by rockfell act~v1ty
- will remain unchanaed upon thebe slopos. 

Mean angles for thess profiles reveal that the Capa Liddon
slopes ars steepest at 3?.62 Following in steepness are CasvaAll Tower;
éape Ricketts and Inlana plateau slopes. Surface and subsurfaqg wgtey
éétivity are the only major rurning #ater pyoéeSses observed at Cépe

Liddon; and because of the short slope lengths and paucity of debris



'. accumulation hers, these activities do not alter the basi¢ steepness

. of these slopes but may even enhance it. Caswall Tower angles are
16Wer‘ét 33.30, since the slopes sampled are drawn not only from the
steepér seawérd-f#éing slopes bﬁt also from those more highiy»
developed and longer slopes on the other sides of the Tower. The mean
| angle of all slopss at Cape Ricketts is 29.40,_a value approximately
4O Jower than the Caswall Tower mean, aﬁd wﬁicﬁ includes three slopes
which aré slush avalanche slopeé. .Hence the 1b¢a1e mean is reduﬁed'f
from that of Caswall Tower slopes which are affected mainly by flows
and‘slumpSQ The Inland locale méah for angles is a low 20.90, and is
dﬁe_tc tﬁe fact that ths two samples are both slush avalanche-affected
- slopes. vThe‘only recent activities upon them are debris flow and
subsurface_meltwater activity.

AKOVA test results for size and shape characteristics
(summarized in table 7) show that of the 10 runnirg water-influenced
slopes, cnly four .are homogeneous in both size and shape variaticn,

These‘slopes,afe.first discussed according to the size
variation found on their surfaces. Four bear significant size.
arrangemeﬁts, all of which are zonal. Two of thesevélso ha&e béth
zonal aﬁd latéral arrangements whicﬁ are significant, but the eta
values show that size is more highly correlated with the former than
the lJatter. On the slush avélanche~affected slopes, of which there are
four in the stwdy zrea sampled, ﬁhe melting of the snow leaﬁesva wide
range of transported slops debris (Gardner, 1968). Size.: variation
should therefqre be homogeneous on these slopes; and in faci thres of
tﬁese do show this characteristic, Coincidentally, these three-#lppes

display identical eta values for zonal effect (.09) and near-identical



TABLE 7
Summary of Test and RelationShip Statistics for ANOVA of Debris Size and Shape on Running

Water-dominated Sloves

Slope sIze ‘ FIATNESS = SPHERICITY

(.08) o (.11)

Location Between Zone 'F' Be tween Line 'F' DBetween Zone 'F' Between Line 'F' . Between Zone 'F' Between Line 'F'
(eta) (eta) . (eta) o (eta) ; (eta) . (eta)
cA3s © u,88" 0.01ns 0.22ns 0.18ns . -~ 0.65ns 0.13ns
o (.18) (.005) (.03) (.02 ) SR (.06) (.01)
CAS6 . 2.Cbms 0.87ns  o.o2ms Boggt 99. 76+ 106, 57+
| (.12) (.055) (+03) (.13) (.63) - - (052)
cas? 1.5ns . 1.27ns 0.6%ns 0.20ms © 1.%8ns 0 0.62ns
' \a—l) . (006) (007) (903) ' T : ( 10) o ) (,OI#)
cLs -~ 6L.6T 25,76t ~ 0.0lns 0050 0d2ns  © 0.08ns
' (.39) - (.28) B (.008) o (.0LL) S (.03) (.0L)
o LS A ) _ l . ‘ ) . .
IK2 o 2.31 0.73ns 0.33ns 0.%ns I 0.75ns . - 0.7Lns
(v15) (.0h) ( ou) (.05) © (.07) _ S o115
s 1.6bns 0.10ns 23.48% 53,99% 1.05ns = . 3.68ns
(.09) (.03) (.37) (+39)

-
(43



Slope

~Table 7 Continued:

FTATNESS

SPHERICITY

~ STZE ‘ , .
Location Belween Zone 'F' Between Line 'F’ Between Zone 'F' Between Line 'F' Between Zone 'F' Between Line 'F'
(eta) (eta) (eta) (eta) (eta) (eta)

RKBII 1.16ns N ~ 0.3%ns 0.30ns 0.28ns 0.20ns C.62ns

(.09) (.03) (o 08) (.03) (.03) (.on)
R¥M 1.52ns 1 +.86ns 0.25ns R 0.15ns 0.0ins

(.10) (.08) (.04) (.02) (.03} (.005)
RK7 10.63" 5.20™ 1.63ns ~1.8ns 307" 1,34ns

(26 (13 (110) (<077 (:16) (-6
RK8 . 1.16ns 0. 56ns 0. 5503 - 0.00ns 1.07ns 0.03ns

- (.09) (.08) (. 00) (.05) (.01)

(.00)

*isignificant at .01 level
| *isipnificant at .05 level

ns: not significant.
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laﬁeral valuégv(.03~404). Tﬁis's3ﬁiiérityﬂmay be iﬁ&ieétiVé of a
. common effecf produced by slush.avélanchino; but in aﬁy caée this
iprocess clcarly tends to creatp a homogeneous size dlstrlbutlon over
the slopes it af;ects. | ' | |
Size analysis can be dlsﬂussed at the 1eve1 of 1nd1v;dua1
1oca1ities.- COn slope CL5, both zonal and 1atera1 effectS»are
significant. It is a maltwater gulley and an accumpanylnu debris fan
which-are'respons1ble for the lateral-varlatlon in size. However the
hlgh rate of accumuldtlon of flnes at the cone neck is sufficient
to cause zonal variation; and thus rockfall accumulatlon has acted here
to mpdifyitheiinitial lateral variation created by a running water
- .process. . - - o |
The s1cn1flcant ZOﬂal effect on 51ze on slope IH2 has an eta
- value wh;ch is. the lowast reccf&ed for that effect on any of the 10
running water-affected slopes. Thus even though hemogenelty in size
does not occur here as it does on other slush avalanche slopes, the
zonal effect is nevertheless woake
In uhe Cave Rlcketts locale cnij slope RK7 bears 51gn1*1cant
' 51z§ arrangement, with ooth zonal and lateral effects being
significant. This talus-cone has been>affected by vigorous debris
flow activity and levee formation; and thus variation in size is
attributéd to zonal difféfenées created by flow lobe concéntration at
base and‘coaréer levee and gulley deposits upslope.. ILateral variation,
though less highly associated with size, occufs because.the flow lebs
activity is confined to one side of #hé cone.,
‘There is a trend on-all 10 slopes fof zonél'arrangementvto ,

explain a higher proportion of non-srror variance than lateral
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arrangement. Such a& trend can be?¥§bognized by vse of ths eta
statistics. Processes.like.debris flOWS, gulléyingAand fan deposition
then are capable cf creatlng an appa*ent size variation.

Flatness and spner1c1ty were used to detprmlne shape
chafacterlstlcs on the 10 slopes, and 51gn1f1cant shape,arrangement is
found-on‘three of them. Slope CA$6 has significant zona} and lateral
effects for sphgricityv(bloékiness), althouéh the eta value is
higher for the former than the latter. Lateral flatness arrangement
is also éignifioant on this slope but has a lower correlation ratio
iﬁén éiﬁhef of ths sphéricity fectu. The fockwail ébove tHiS:-sldée

.Vis shopt ghd has begun tq Wgathgr into cogrse,_p}aty_debris which is
falling énly a short distance downslopé. :This aceumﬁlationacreates
zonal variation in shape whon contrasted with debris further dOWnS]Ope

' whlch is belna weatherud in situ ard qortﬂd by slump act1v1ty.

Slope IN4_has;§ignificant flatness values for both zonal and
"lateral arrangements, and lateral effect is slightly higher in
proportion of variance explainéd than is zonai'effect. Since sphsricity
is more closely rslated with size than is flatness (VI, (3)), we can
assume that shape may be homogensous on’this slops as it is on INZ if
sphericity is the paramster used for this slﬁsh avalanche slope.

At Cape Ricketts the two slush avalancaewaffec+ed slopss beéar
homogenecus shape variations. of the remaining o slopss, RK 7 1svlays
2 significant zonal arrangement in sphericity. This slope is the only
one of ten wvhich bears significant arrangemeht in both size and shape,
and it is here attributed to the action of debr1s flows and levee
devéiopmﬁntﬁ Large blocks yay tend to be‘depbsi%ad upslops in debris

fiow activity while the' less blocky debris will be carried farther



~ 'downslope. DBlockiness then can”vagy;in a manner related to size
arfangement in zones when vigorous debris flow activity is present.
' Fihally we seé that on 8 of 10 slqus, zonal arrangemeﬁtAin
sphéficity is mofe>highiy coffelaﬁed than.is laﬁeral'arréngéﬁent; and
6 of 10 have higher correlations with zonal effect than with lateral
' effect and flatness. Two of the‘exceﬁtions in the lﬁtter'cgse occur
on slush avalanche~affected slopeg. o
e Vector ana1y51s of the 60 samples 1nd1cates thﬂt 11 of them
_have orientation preferences significant at the .10 level,of alpha
" (table 8). This figure constitutes oaly 18.3% of the total number of
samnles drawn, anl the directional nrefarenceb ars near—eqaally
d1v1ded into 5 dOWnslope and é c;OQSwslopn d¢rec+1ons. A more
'strlngent test level of a =.05 shows-that on;y 3 samples are
significantly cr1ented. and thny are sharad oy all zones ard both
directions on slopes. Figure 20 lndlnates that 51gn1f1cant downslope
: orientations-are more strongly-allgneu~than cross—-slope orientations.,
iOnly'one slope, INZ, registgrs preférrgd orientatiqn in 211 three zones.
Debris flow lobes at one~side of the slope‘base are attributed as
causes of the dewnslope orientation found at base. The cross-slope
;prefepende in the uppsr zone is likely.due t§ the effects of chénce,
since avalanching shcuLd notube;responsible-for-any.preferred orientation.
There are three slopes which display'pfeférred-oiientatiéhs in
at leaSu 2 of 3 zones, ard it is of 1nteresb to note that these are all
slush avalancne»aLfe cted slopes (table 8). On these slopes, surfaces
are smooth and compact, and thus provide 1ittl§ resistance to

rolling or sliding.



" Directional Preferences of Significantly-Oriented Samples

TABLE 8

on Running Water-dominated Slopes

SAMPLE SITE . MEAN VECTOR SLOPE LEVEL OF
DIRECTION PREFERENCE SIGHIFICANCE
CL5 mid 2 - 80° c .07
IN2 base 1 162° D .10
IN2 #iid 1 352° D .06
IN2 top 2 8u° C .07
IN3 base 2 0° D ",01
IN3 mid 1 112° c .05
CA37 base i 187° D .09
RK4 top 2 39° D Xl
RK7 base 2 131° e .07
RK7 top 2 238° c .09
~ RK8 mid -2 70° c .08

C: cross-slope'

D: downslope

120
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Figure 20

Alignment of significantly~oriented samples on running water-dominated

slopes. A, downslope; B, cross~slope.






[y

Preferences are more likely to occur on these slopes, where
avalanching acts as & smoothing agent, On others, however, where
processes of lower magnitude occur, preferred orientations develop
only within the periphery of the small sqrface ares affected; thus the

expected number of preferred orientations is low,

N



CHAPIER VITI

INTERACTION

1) Process and Geqmetrié Form
The 1att§r sections of the previous thrée chapfers ha%e given

consideration to the effect of each-df:the tﬁréé proéé;s grdupé; dﬁA
profiie charébtérisﬁics. ‘it‘isﬂnow desireable to‘cohsider_these
éharaéferistiéé in a perspéctive'which allows comparison of these
vérie& effécfé. | .

| , SLono angle values acscciated with specific pvocesoes were
' fe-grouped accoranng to study locale and subgectea to a series of '
Mannvdhltroy U tests, parameurlc tests belno 1nappllcab1e considerlnv
the type of data uzed. Of the four 100&110165, Cape ledon slope |
angles éfe'significantly greater than those of any other (at'the‘:Oi
level), regandless of dominant processes_(table 9). Caswall Tower
.slopes'ére naxt in overall Stéepness,'and are sig rlrlcﬂﬂu]y greater
than all but those-of-éape-Lidaon. Tests also reveal no significant

difference between the angles of Cape Ricketts and the Inland-plateauA
. Tha*e are two underlylng factors common to »ape ledon and
Caswa]l Tover, ard bo*h are rc}kted to their ceobrapqlc p051blon. 
Both localities are in close proximity to the active sea level, and
bqth displgy étgép, wgll»dissected mérine Qliffs, élthbugh Caswall
‘Tﬁwer is only partially subjected to these-conditioﬁé, vIn'both

locales, only certain slopes show present evidence of marine abrasion,
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TABLE

Mean angles of slopes grouped 'by locality and dominant process

DOMINANT PROCESS

LOCALE ___ ROCKFALL RUNNING WATER BASAL EROSION
Cape Liddon - 35,72° 37.61° 39.37°

' Caswall 'waef A 33,08° A 33.29° o ' _\36.'8?"_'
Inland Plateau 32,53 20.99° .

Cape Ricketts 2.27° } 29.42° -
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but in the past higher sea 1evelsvmust have meant a higher nunber of.
CaneAIﬁddon.slepes vere affected 5y‘this nrocees. “The greoter
steepness of the slopes in these two localltleo is attrlbuted to the
proximity of slooes to marine ‘activity which by ice~rafting and -
abra ion of debris. accurmlations has kept cllffs uncovered and slopes

"steep. The non-seﬁward facing slopss at Caswall Tower were probably
,no_t'éffected by these activities, but the fact that fch_e._popu.ation of
- slopes sampled does 1nc1ude these affected slopeo meens that the

e..overall steepness factor of the locale ran!s second,oeglnd the. only

- other area where this process occurs more fully..

That slopeq in the remalnlnH leccalities do netjdiffer‘
significanuly in vteannaos agrees u1th the v¢su3; s'eilaritles that
appea¥r to ex1st bet«een tnem. Una;iectc* by recent marine activity,
these slopes have developed fully to the point where most of the
scarp—face has been buried by its own weathered deo'ns. The,slqpes
are similar in types_of process which dominate then, and:special
significance is given the slush-ayaienehing which‘has oceurred in both

-areas. | |

A second set of non—parametrio-tests was*perfofmed‘on slope
angles to compare the effects of different precesses.vithindeech 1cca1e.'
»Af both:Caﬁe Liddon and Caswall Tower, slopes affected by'mafine |
proceSses?are'significantly steeper than,rockfall slopes (at the .05
level) but’ only at Casvall Tower are they also” SUeeher than slopes
affected by rurning water., Thers 1szno dlfference.ln angles betWeen
the latter and basal eros;on slooes at Cape Jlddcn. -Similéfly
”ockiall—domlrated slopes at - onuh lozales de not.QTffer si nificantiy-

in angle from runring wzter slopes.
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These results suggest an Gver;ridiﬁg.uniformity in stéepness of all
Cape Lnddon slopeq, regafdless of domlnanu proceus, which is attributed
to the proximity of all -sloves here to tne sea,  Removal processes are
thus allowed to prevent adequate debris accumulations on slopes which
would, by basal extension, lowsr fhe angles 6f the Eiopeé. Basal
erosion appaafs to be the only one of the three major processes which
bsigniricantly affects slops steapnéss,in Caswéil fower and C;pe'Liiion
locales. .

At the Inland platesu and Cape Ricketts:localities, where only
two major process groups prevail, fockfal}—dominant‘sloPes are
significantly steeper than ruhhing water slopes. In these loczles,
uprooesses cOunected with renning Watcr have bsan much msre frequent
in occurrence and much more effective in modlflcatlon of 1n1t1a1 slope
angles than at Cape'Liddbn‘and Caswall Tower.v'Signé of extensive
debris flbw activity areAcommon to siopes, as are those of slush
avalanching., The debris shift accounted for by increased flow'activity
and avalanching has-éaused significant reductionsuin_slbpe steepness.
InAterms of effect upon angles, running wé ter and basal srosion
.processes are converse to each other.

Nonwparametric tests were performed a2 third time to investigate
the differences, if any, b tween slope types (gheets ard coneo,. it
the Inland platean and Cape Rlcketts areas, sheet angles are
significantly steeper than cone angles (at the .05 level);‘but this
merely reflects the effects-cénsiﬁefed abcve in that all'talus conés
have been affected by some type of rvnn1ng matev procesa while a
great magcrlty of the shests sampled are rockfall«domlnaﬂt slopes. The

differences in steepness between slope types then reflects the difference
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found between of feéts o? dom*ndnt pvoccssese At Ca all Téwef, cone
angles are 51cn1f1cant1y steeper (level of d~.01) than sbept anﬂles,.
but here the cones are dominated by basal erosion, which would
account for the‘differencesf Cépe»Liddqn slopes similarly rgflec£A"
process variations in that sheet and cone angles do nét differ:
significantly. Pfeviphs_tests found that only basalierosion slopes
Were stéeper here than others, but the'fact that these slopes were
bofh'sheéts.ahd coﬁes'éécoﬁnté for the‘lack o?:differénﬁiétioﬁ~in
steepness found betveen c'hee*l's and cones 1n this locale. In summéry;
then, these serles of tes»s reveal that process varzatlons are
reflected in slope angles on slopes in the study area.

| ébmpgrisons have been made betweén these results and those
. from pfevious'stuﬁieg. Regarding slo?e.tjpe, Stoek (1968) has
suggésted £h§t~conical'talﬁs slopes are géﬁerglly steeper thanlare
talus sheets in his Baffin Island stﬁdy area; but his conclusions are
baééd ohl&~upon obée?#étion of form. Southwest- Devon findihgs are
~based upon statisticsl decision asvwelllas;cbéervAtion.'and-neither
support nor reject Stock's results but do suggest that the latter has
not,given due considefatidn to the effects of precess variation on
slope types.
Ward's (1LL)) )O ~35 range fov d*y, gravltatlonﬂl slowns in south
‘ Brltaln and those of Anarﬁwa (1961) for Labrador slopes. $1nk;er s
(1 96f) Llimiting angle of 36° for cuch-slopas corresponds with thn.
hlghost locale mean revorded for rockfall slopes.in southwest Devon._.

 These vulues are slldhtly lover uhan Benre s (1933) 36 5 characterlsulc
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angle in alpihe_areés, but this is due to the bentralmzlng tenden ies
of vroducing a locale mean. Such comparisons. show that only sllgnt
vafiations in angleé'arise as a consequence of env-ronmpﬁtaT
differénces,'ahd fha£ the éharacteristic-angle to which rockfali_slopes
aspire is simiiarly‘about436° régafdless of enviroﬁment;

Compzrisons were made between Rapp's;(1960a),Spitzbérgen slopes
‘and those of ‘southwest Devon affected by similar sels of processes. Ih
éllAcaseé,'tesﬁing:by hgnfparametric ANOVAJhas indicatgd no
significant differences between sach set of angles. The Spitzbergen
valves are olﬂohtly hlgher than those -of the study area in all cases
and might be regarded as the limiting angles for each set. For rockfall
slopes, mean angles range from 33.4° to‘35.5°; while for rumning water
gpd basai eroéioh s}opes the rénges are 39.3°-to 31.0° and 38.1° to @O;OQ,'
-respectively. Results support the occurrence of a specific range of

:valueé for Arctic coastal slopes affected by Similaf processes.,

The treatment of profiles in»this studyAhas been ba§ed upon the
classifi?a*ion system in Stock (1968) 5 but Stockfs-gqntentipn that the
creatloﬁ of the various slooe st atistics (table 1) enables beneficial
quantitapive analysisthas not been realized. With.profiles treated as
nor-normal data, numsrous non—paramétric testes were ne“formad only te
produce uniformity of resu;tsf‘ The stat 1sf1cs wers ;ound 1ncanable
of sufficient differentiation between form on the various-slopes. A
comparison of slopz "sums" between locales resulted in no significant
difference between values; similarly slope "ratiq" values gave the.
same result when subjected to non-parametric one-way ANOVA. The sums
and ratios from Varied proéess-dbmiﬁated’slopes in each locale also

provided no g-gn1f¢can+ 01fferepces.



* On the bas1§ of  these findings, plub the mvanLﬁgfuL resultb belng
gained from slope angle analysis, cOHVox1ty and concav1ty dndices were
_inot tested. °toc& hlnsle avoids anj statlstlcal use of these data

in his an»stugy. The system does, however retalnvvalue as a

quantitative method of slope éiass'ifi’@t_ion and is relevant in that

respect. ‘. | |
| A Resﬁlts of thé profiietéhaiysis 6f.siopés dominated- by
§eparate.§rocés§eé have.béehﬂgi#en-in~sédtiqﬁs of therprgvioﬁs-fhrée_i
chapters., It is found thét/ZS of;29; or 86% of'the‘rockfall slopa.

‘préfiles'areAcompletely or*predominaﬁtly concave in form, while
convexity dominates 2 of 5, or 40% of the basal erosion slope profiie

- Runnlnﬂ Wﬂter-donlrateﬂ nroflles are the most, pronounced in form,

" since 95 (19 of 20) are completely or predom¢nant1y ‘concave with fhe

one rema:nlng proflle convexo-concave._

The. overwhelmlng conformity in nroflle of runrlng water—domznafed
slopéS»ls in part due to tne-nature‘cf<thﬂs“c1ass.of processes &s.
~re—arrangement or shift pwoceﬁses.’ all developlng slopes are
~ inherently rockfall slopes and w111 thus be sllghtly concave or
!straight by nature. Shifting of debris caused by'debrisAflow,
avalanching and surface meltwater transportation of debris will most
often occur on the mzd.ann lowor slope zones, so Lhat concavity is«

. enhanced as the maJO“ proflle elemen+ Thls explalns why'the

proportion of concave slope fprms associated.with these processes is

higher thén~for rackfali-dominated e1opes. An addl 1ona1 reason for

'-the Jower number of concave slopes in the rockfall class is the

1nclnslon of Cann ledon slonas, whlch for thls procea ara,adversely

. affected by- constant removal of basal debris accwmlation by either
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ice~-rafting or mafine erosions Tﬂus,manonf these sl&pes remain
straight, or convex because the oﬁiy?éignificant accumulaﬁion of
debfis.can occur at the top of the slopes. Thérsame_is trueldf QOme
of the cqastai slopes at Caswéll Tower. |
| Basal erbsion slopes are predominantly convex, the féfm
element being introduced by the basal-cut made by wave attack and
 imposed upon the existing profile. The predominance of'c&nvexity will
be mﬁch'iowér if the magnitude of the vertical cut is small, Convexity
-of such.slopes is regardedvas a short-term condition, though, because

rapidvreadjustmént to the basal-instabiliﬁy created usually causes
downslops debris shifting to change the form to a straight profile
_'(V,'(Z)), A slower wate of readjustment may reduce convexity to a
minor slope elemen{ without necessarily eliminating it.; |

Very little attention has been paid in the literature to profile
form and its relation to process, and therefore comparisons with
reports fron other studies are limited. Stock'(1968)>did,obtéin
similay §roof.of_£he prejalence of concave form on Baffin_Island slpées
where 19 of 25 studiéd vere classed as being concave or predominantly
concave. In Spitzbergen, Rapp (19602) relates that talus cones with
slide tongues prevailing aré straight iﬁ form,’while thoée‘with ‘
_éyalanches and mﬁdflowsAare reported distinctly and slightly concave,
respéctively;‘ There‘appears'then to be agreement as to profile form
asspciatgd With various processes in active periglécial environments..

In sumary, geometric form appears to bear.directVrelafionsﬁips

with the activity of various processes in the study area.

(2) Process and Debris Characteristies
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(2) Size and Shave - . .

Debris slopes groupsd accordinv to the three donlnant processes
in fhe‘sﬁudy aréa wére sﬁbjééted torANOVA tests on_debris size ard shape.
The -group results were dlscussed brlefIJ and 1ndeoendent1y. ‘Meaningful
.trends can be esta011shed by 14 considering;these reSults in;fespectr.
to each othev. | |

The over-riding trend in size~§até, which pervades‘gll“three
groups of slopes is>that tﬁe_correlaﬁionfratibs associated with zonal °
variation are with only few pxceptlors hlaher than are those A
vassocﬂated V1th lateral size varlatlon. T he avrangemenf of deorls size
into downslope components then is a feature characteristic to all
slopes in this area whether statistically significant or not. . This
featufe airectl’ s poorts tne th eorJ of fall-sortlng of rockfall dﬁbrls’
as a valid process on slopes; and its cormon occurrence reflects the
fact that ihé origin of ali debris‘slopes studied, despite grouéipg;,
is as gravitational rockfall a¢cumu1ation. This stqdylmakes no__'
Vattompu Vo determine wbe her 51ze 1ncreases or decreases ina down:lone
direction, tut only whether a variation in the plane dozs occur and
whether év not in is greater than varlatlon in a cross-slope p]ane.

A direct comparison of porcprtareo reveals that rockfall slopes
_are highest in significant size arrangements recorded, followed by
basal éroqion ard running water—dpminaﬁedrslppes invthat'qrder. ‘Ten

of 15 rockfz1l slopes (66%) have significant size arrangements; 211 of -
which are zonal., Other research on rock*éll'slopes provides'cénfrasts,
wifh the results fouﬁé hére._ Caine (196?) found ho consisﬁent
variation in &ebris size and sorting with position on the slope;

however his results are based on analysis of only two slopes for which
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VANOVA‘was not performed'to érdve hisiboint sbout variance. Griffiths
(1959) similarly reports that size is hoﬁogeneous over a debris slops
since modification of the deposit will be small and the detritus .
represents an initial stage in the formation of the final sedimentary
- deposit. These results were based on study of one 510pe: and although
ANCVA was performed the results are not considered valid and will
* be further invéstigated later in this section. Gardner (1968) reports
an "over-riding" downslops sorting of material despite the poor Sorting
found gt an& orne point on hisARoéky Mountain slopes. Variation in
size betwesn samples was found significant with ANOVA tests, which lends
support to the reéults found upon analysis of southwest Devon slopes.
Going a sﬁep further, Gardner (1968)‘uses.regressi6n analysis to
detérmine that variations in pesition of the slope sample account for
50% of the size variatioﬁs. For southwest Devon slope$, regrassion
‘was not used as a means to break dowm the total variation discovered
in simple one-way ANOVA; and instead a more complex two-way ANOVA
design was employed which brzaks down toialvvariation automatigally
into the various'effects assignsd as variables. - Furthermore, these
resﬁlts give the variations accounted for by specific positions (lateral
and'zonal) rather than overall resitien, and as such represent a more

2

sophisticated analysis. Values of ota® rarely reach a level of

explanation of 50% svuch as found by Gardner (1968), but are at the
same timejthe_result of a wmove stringent.tesﬁlﬁhich must_pércél outv.
‘varisnce to more than one sovrce.rather than Just one as is done in
tﬁe afore-mentionaed study.

Of the two basel eroésion slopes,‘only'éne is homogensous in

.

size variation.
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It was determined that size arrangsment éﬁ such slopes is directly
affected by the magnitude and i .nten51uy of the baszl attack (V, (3)).
ngh macnltude bawal abrasion nct only removes the busal debrls,
generaily the larger of the slops debris onslope, but causes down-
slope re-distribution of the smaller-sized material from the upper
’slope zZones. In this fashion homogeneity is approéched over a short
period'of slops readjﬁStmént. On the other_hahd, readjustmént to
lminer bééal—cuts.maynnpt.reach_the'ubper_sld%e‘zonés,‘and the basai—
cut itse;f may not significantly-alter the predominance of larger
debris found at base. The initial size arrangemenis may not thersfore
be significantly altersed on such a slopes The sige data for basal
erosion 510pes comply wlth this 1n1u1al assumotlon.

Unfortunately the effects on debrls of  basally-abraded slopes
havé not been reported elsewhere in a quantitative mammer, so that
these results stand as the only sﬁpport to such hypotheses.,

On running w#ter~dominatsd slopes oﬁly’qog of the 10 slopes
report si gn¢flcant size arrangements. Thisvproportion is the lowest
among thd three groups of slopes discﬁ;soi in this section. It is
notewort&y'that of the six homogeneous slopes, half are those
purported to have been affected by slush avalanches, The three slopes
in question, oddly enough, display identical correlation ratio scores
for both zonal #nd-lateral effects. The.remainiﬁg avalanche-affected
slope ddeg have a significant zonal arrangementvin size; but its eta
‘score is the lowest of 21l those with: qlgn&flcant size arxancerents :
in th1= class of slopes. It appears'obv1ous from the correlatlon
gatiqs that slush avalanches have a similar effect in disversing

any fall-sorting arrangements'which might have been formed din the”



earlier develoruent of these slopes., Debris fiow and meliwater
gulleying, where strong,-appeartto have reinforced size #rrangements.
On the two main slop s cited for these activities, not only is size
arrangement significant by zones but aiso by laterzl effects. Such
,arrangements'are due to the fact tﬁat gulleys and flows will oceupy
one side of the slope erd thereby'cffer_adequate contrasts in size of
material‘betweén them, Pasal accumulations of fine-sized material do
not. significantly alter the initial féllssortihg of debris on slopes
.Eecause‘the“sampling has been biased tﬁwards the larger rock frégménts
which rest upon these features. |

Rapp (1959) suggests that evidence of snow avalanche activity
is present in the form of heltercgeneity of particle sizes at specific
-1océ£ions.  This suggestion complies_with ANOVA size reéults on sﬁch
- southwest Devon slopes, since the‘heterogengiiy»impiies a miking of
different sizes of debris from various slope,zones; "Rapp's (1959)
results, though are not validated by statistical testing of samples
from 21l parts of his slopes. ‘For the other runﬁing watef‘precesses
“the concentration arnc dowmslope shifting of similar size ranges of
debris is of considerable consequence to the arranging of slope
debris even thourh other studies do not again refersnce it in terms
ef St&tlSt"O&l analys*s. GaﬁdnerA(1968), however,.uoes indirectly
meitlon this effect by uaintaining that on his slapes size variation
does ekjota | | |

In surmary, all.sldpes fefléct their origin as rockfail
accumulaéions,,soma.cf which remain unmodified by suoseguent processes.,

Others, such as basal ercsion and avalanche slopes hava nroduced

homogenclty of dﬁor is oy e1¢w1ﬁat ng tn° fa]lnsorflng rrangement,



- previous,

slopes um.ch they are int.em!mg to vepre

- :f.A,' while many have been a.ltered in a lateral sénse on'ly Rosults of

stud:.es do not adequately a.pply to t.he variety of debr:ls

Lo

‘ *.=.;Interpretatlon of debri.s shl:pe remxlts is not. a sim;#le ﬁask.

for them are nany moant.rollable ’uriables which can aecount Idr

all sorts; of shapo variations over amr slope surface. F\:.rthemqre.
| lysis is slight]y confusing whsn considering two mﬁm‘es, .

I

of factor‘s. The mst 11kely factor pnstulated is the uneven

..
.t
v



cne rockwall section and not ancther, The presence of a varying

lithology would ceuse shape to be arraﬁged in lateral pockets while
size arrangement may be unaffected. Gardner (1968) supperts this view
by stating that the‘distribution of lithéiogies at‘any'point on a
debris slope should influence the relative blockiness (sphericity) of
"the material at'that pointe Since lithologiéal variation has not been
accurately assessed in this study, such a possibiliﬁy reméins a
1Lk611h00d.

Runnlng water-dominated slopes again display the 1owe<t
'proportlon of any group W1th regard to the rumber of slopes on which
both size and shape are significantly arranged. Only one of ten have
this trait compared to L of 2 and 7 of 15 for basal erosioﬁ and
rock_“llwslc s, The one exception is the'sIbpe'uoan which a gfeat:
deal of debrls flow activity and levee fowmatwon hao occurred. Onlj-
two other slopes display significant shape arrangement, and only one
§f those is an avalanche—affected slone. The proportion of slopeé
#ith significant shaps arrangements, 3 (30%) is also thé lowest of any
other group of slopes. All of these factors point to the similarities
between tronds in the‘size and shape data for runnlng water-domlnauad
slopes. Louhle variations in lithology are not cons:dered an '
influencing factor because these slopes are drawn from ail four éreas.

EIn$1ljj ‘comparisons. can be m-de with other comments
concerning size and shape varisbles. Caine {1967) found that with a
11nkaoe analysis there was no evidence télsuoaest a strono linkage
between size and shapé, “uvtbevmore hp found a genera] uniformity oP -
block shape on tha two slopes studied. Griffiths (1959) similarly

found no shape variations between samplas on his debris slove.

ON
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Gardrer (1948), with a grea+er number of sloﬁﬁo, beliéves that 2 |
relationship does exist between size and shape. The effect of-
lltholOgy is h;dden in the relab hin since 1t 1niluorces both
parameuers. The southwest Devon results~from ANOVA tests s:mllarly'
suggest that such relationships do exist, althoﬁgh.regrettably*the
precise effect of 1ithoiogy has been neglected. The shape variations
that are more highly éssociated with zonal effects are cbnsidered
evidence qf this rglatiOHShip'althoﬁgh it isiby no'meané 2 cbnsisientr
one,

o Only a }jmited numbéf_of,studies are avaiiable tb prévide
comparisons with the ANOVA results fo; southwest Devon slopss. - Direct
comparisons of F values are statistically meaningless, and thus the
“proper'p¥§cedure for énélyziﬁg test poﬁer isvfoliowed; Béfore doingv
50 it is neuessary to outline some of . the basic concepts of
_stat:stlcal pover dpalj ise A s satlm:l.cal test of a null hypotheqls ]
essenblally'lnvolves a complex relationship with four parameters,
which are:-

A(a} test power
(b) region of rejection of the null hypothesis.
(c) s#mple‘size |
_ (d) effept size, ie, the degrge,of_departure from thevnull
ﬁypotheSis.

These parameters are so related that when;any'threg are fixed, ths
" fourth can be determived (Cohen, 1965). This operation is.useful for
rasearch.design, but can also be uvsed to detérhine the pdwer of
Sﬁétisticai tests which bavé alréa&y.beeﬁ pefforéai. Then in order to

ascertain statisiical power of previous test. desxgno, thn cormon -
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| parameters must be of.eqéivalent Qalues;A Cchen (1965) recommends
that alI research plans strive for a'"médium"‘effect size of .29
(defined); a réjection level of .05, and a power of 80% (ie. an 80%
probability thét the test will yield statistically significant reSults).,
These recommendations were adoéted as critical factors in the
éomparison of prévious size and shape ANOVA testis.
Besides the preéent study, ANOVA tests have been done on
debris size data by Griffiths (1959) and Gardner (1968). ‘Since each
study‘variés only in sample size, the other parémeterS‘are standardized
as .05.significance lével; medium effect size and a .80 dgsired-power.
For,éach‘%ype of ANOVA desigh, zctual power was determined from the
tables ahd formulae provided in Cohen (1969). The respective powers
‘of each test are then used as a valid 3asis for éomparison of reéults;
The tﬁonway design ANOVA tests for southwest Devon debris size, -
using sample sizes of 50 provide a pcwer value of 984 for tests of
zonal effects and 99% for tests cof lateral effects. Griffiths (1959)
used two designs, of which the first (two;way factorial) has .a sample
size of 8 fragmeﬁts.» Consequently with the same fixed'paraméters its
powers are only 51% for a zonal effect (called line variation in his
text) snd 34% for a lateral effect (operator pairs in his text). The
effec{Aof a low sample size.én»stéiistical power is clear; and Griffiths®
power féils to meet the 804 level recommended for satisfactoty
statistical work. Thevresults;dérived from the teSi of southwest
Devon slopeé are justifiably believed more reliahlé than are Griffiths?',
which essentially point out that size variaiion over one portion of a
debris slope is homogeneous. Griffiths (1959) uses this result fo

reinforce a hypothesis that a debris slope represenis
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a vrimary sedimentary deposit closs to its source with minor

modifications. The southwest Devon results, drawn from 27 sloves,

reveal no overwhelriing conformity te Griffiths hypothesis, In fact 15

slopes do tear sicnificant,size'arrangeﬁents ard 10 of these are dry,
gravitatlonal rockfall slopss to which Griffiths ﬁas béen'referring.
Griffiths' (1959) basic test d651gn is similar in pat tern, however,
and’ so it muot be a;serted that hls results are ]a SS satlsfactorj
than thOSe found for southwa t Devon samples;

In the same report, Griffiths (1959) also employed a simple
onp~way ANOVA test for size va riation oir'a set of‘six rardomly
%eloctea sanple sites, each contalnlnc b rock fra@neﬁts. Fér med ium

elfect size and e ,05 1ev91 of 51pa1f1c9ncu, vis test power is

determined as a low 11%. Gardner (1968) has performed a onéQWéy ANOVA

to determine variation between 30 sample sites of 25 fragments each,

Y

drawm  from a whole sample population of slopes. With test parameters

fixed as for the cther test designs, Gardner's Droba0111ty of yielding
-statistically'sipnificant_results iS'siightly less than 92f. Gardner

(1968) reportsd a significant between—sample varlatlon that is greater
than betwesn fragment variation,,the reverse of Griffiths (1959)

findings. Due to the very high power of Gardner's tests, his results

Y

ars taken as more valid.than are those . of Griffiths.

It rmst be considered, when comparing southwest Devon resulis:

with Gardnor'* (1909), that the simple cne~wa; design takss acco“wt'

~n

of only one major effect, and corsequentlg 1t« power to oorrec ]v

interpret one effect will be greatef than'that of any one effect in a

L3 -
gined

two-way factorial dssign for ANOVA., Ths greater nvx%ew

effects to be considersd lowers the u;Ou&Ollle of co*rpafly
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predicting any one of them-'and thus even though Gardner's (1968) test
power is anprox:mately equal to the Devon test, rt is passing judgement
on only'one ef;ect. Furthermore, Gardner's test deszgn involves
selectlng 51tes from 21l of hlS slopes ¥ather than deallng with -
varlatlon on each 1nd1v1dual slope. Consequently his results are not -
as. meanlngful as the Devon results insofar as: thelr relevance to |
.varlatlon over a slope surface. '

“As a sideline to these sets of comparisons it is poss ible to
ﬁnderstand the impoftance of choesingﬁsample sizes adequate to obtain‘
the'besfipossible power of a test. The 5a priori” selection of
»sampling‘designs in geomoiphie stpdies has sorely neglected to
considerjthe power of statistical tests ﬁhat will be used on the
collected data. Consequently meny of the studies being used to
.reference.and guide presentpfesearch designs ere unwerthy of such
attention. The remedsss are simple; for instarce the same one-way
design of Griffiths (1959) would attain the required £0% vower simply
- by an increase in sample size from 4 to 35 .fragments,

It is concluded that the “outhwest Devon AHOVA results are
more valid in terms of the experimentzal design than other similar
studies &one in the pest in that the chances of detecting a significant
med ium effeet between zonal and 1eteraJ size samples (powers) are 98%

- and 99” resnectxvelj. | - | '

Unfortunately no previousrANOVAVtests have been found which
deal ﬁith shebe of surface debris.f'The powersroffthe~southwesﬁ.Devon
shape tests remain the same as those for s¢ze, ard hence the results

-described for shape variation are coneidered valid.
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- (b) Orientation | | |

-Debris orientetionsudetermined by Ceine?sn(L969) photographic ..
meshpd (v, (2)) afelnot rewerding,in their expected copacity as
.precess indicators. A comparisoﬁ‘of,the tfeﬁds in‘erieniaﬁien‘sfﬁdies
-discussed according to'preeesSAgrOups*is how:desirable’toﬂdetermine-
the overall elfeetxveness of a process in arrang1ng slope debris.

Two levels of significance have been considered in vectov-
epalysis‘of'the qrientations, .10 and a more'stringent «05 alpha level.
For .10,.25% of tbe total muber of 162 samples have significant
orlentation5° but at 05 that proportlon is reduced to 7%4. Bven at

“the higher alpha value, then, -the proportion of significant orientations-
is low when compared to the 71% reported by Gardner (1968) on Lake
Louiselslopes at the:;OS,ieﬁel. If is tﬁerefefe seeessary to anslyﬁe
the divisions of proceSSﬂslopes more closely.

At the .10 alpha evel, comparlsons of proces es sﬁew tha£

. signiflcance occurs for 47p of the basal ‘erosion slone samplss,_cpmpared.
to 25 and 18% fo“ rockfall and runn1no~water slope samples,.

. respectxvely. At 05, these proporulons become s1m11arly low in value
(less than 104) in each case, vhich reflects again the underly1n: lack
of slgn flcantly orlented samples on the study ares slopes.

.rheA§7% e; easel eres;qn.slopes slgnlfleantly.orlented at .1Q

| levels are the productsof local slope failure-brought about by debris
"shifting@downslope during readjustment to a basal cut. :The- Jmportanca
' ef lecaljslope feilure has bees reported by Andrews (1961). bownSIOpe
.andAcfoss~slepe preferences are eeually frequent:ameng tﬁe significant
' orientetlons, but the fact that the'letter'efe,ﬁere’strongly

aligned suggests‘that.preferred.erientation has been initially created |
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by rolling of debris over its 'B' énd *C' axes. Interference from
other debris has modified the cross-slope'orientations sa. that many.
are rotated downslope., Since readjusiment to basal cuts is generally
'ra;ﬁd, many of these orientations are likely of short duration and
hence the long-term importance of basal erosion oﬁ debris orient#tion
is small.
| The 25% of significantly-oriented rockfall samples are
analyzediwith respect to previous research.since.most orientation
studies have been made on these dry, gravitational slopes. Early studies
(Rapp, 1960b; Ardrews; 1961) report downslope orientations on such
slopes; but recently Caine (1967; 1969) has found that a random or
‘uniform orientation is to be expected because of the rough nature of
a slope ;urface. Only where the surface acts as a smooth plane will -
any directional preferences develop. Caine (1969) believes that his
more powerful statisticai anélysis of the date casts doubt on éreviousv
assumptions made in_this field, ard that a random fabric is to be
expected. There is some measure of agréemént with Caine's (1969)
view whén the rockfall slopes of southwest Devon ars cOnsidered; for
over half of the significant brientations sre loecated. in the upper |
and middle slope zones where the surface has a grezter chance of being
smoothed out by compaction of finss, This smoothness allovs |
directicnal preferences fo develop more easily than in basal slops
areas., Considering Caine's (1959) contention, though, it is not
alarmingﬂto‘find such a low prépprﬁicn‘(25%) of preferred orientations
at the low alpha level of ,10,.

‘The 183 of samples significantly oriented onirunﬁihg‘Water

slopes also firds support from previous studies.
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Although avalanche acﬁivity is unlikely to create eny direct
orientational preferences, its smoothlng and compacting efleCL on &
- slope surfacm 1nd1rec ly creetes the OALuatlon n°c°ssary fo; .
preferenees to develoo.’ The ovlenbatlons then are forned by subsequenu
‘rockfzll activity. Debrls flov mevements Will cause only sneclflc
areas to be subject tO'orieniation, ie.‘those over which the flows
: traﬁel. Rapp (i960b) has reﬁorted cross~slope ofientatiohs ;n floﬁ.
lobes,.ﬁui neer-eqﬁal preferences fef both crésé-slope and dewnslqpe
’direetieneiexist‘Oniﬁhese’segthwest:Devon>slepes. “As is the case.
with rockfall samples, the majority of the significant orientations
‘are fou jonvsmooth-sﬁrfaced‘slbpe areas. The surfaces of avalanche-
.affected slones prove uO be con51stentlj ponular for prefevence
development.

It has been established then that Weak preferenc 5 do-result‘
from process activi ties in the study area; however the Jow nronortlons
foupd teqd to reinforce Caine (1969) in his hyncthe51s that random
orlentetﬂoﬁs are to be expecuea. On thls basis,. anal rsis of orlentatlon.
alone is considered 1nsuf11c1ent_to determine the presence or absence
of any slope process.

Comment is recuired on the use of the 10 level of significance
in the vector analysis of orientation. Field observations at the
samnle 51tes, together with many rose eiadram élots ofefhe’
orﬂenuatlon data all point to the presence of apperent dlrectlonal
urends,_ The surface over which any Drocess:"an act on a slope is |
genarally so large that the higher alpha value is believed necessary

to detect the presence of these orientations.' Statistieel

justification is also reguirad, but unfortunate Ly the use of the Rajlelgn
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test (Curray, 1956) makes it impossible to determine statistical power
of the orlentatlon results.

An 1nb°rest1n~ and valid v1ewp01nt is advanced bJ Cohen (1905)
cn-this matter c;ralpha_levels and 1s_worthy_of,mentlon_here. Cohen -
"(p;‘ioo) sﬁatcs tﬁat iﬁ;;;. ;cuifcnt acadeﬁic éuayﬁeré fhe‘éccéptance
of the'quasi&officiai convention of 54 has resulted in its implicit
equatlon‘"lth 501ent1flc truth for the p051t1ve clainm and
resnectaolll y for the clalmanu." Such acceptance has procressed to
 the point where many valuable studies have been shelved by authors
or rejected for publication by editors simply because the desired
effects were not found sigﬁificarif, at the .05 level. |

i . Such studies would be fcund significant at 1cvels slight}yA
»higher than this convention, and mgy furthermore be.ofvgreater
statistical power than‘the>ﬁaralle1 sfudies already published which'do
vclaim.siﬁnificant resultss The use of.the.S% convention has thus
tended to increase the rate of m4ny spuri ously "significant" reports
in publloheA research (Cohen, 1965) a o |

Related to orientation results in this study, such information
appears ﬁo Justify a_discussion of the findings even though the levels
of'significancé renge from .01 to .10 for individual samples. Any
restraints on the interpretation should. be made by thcseiexamining4these
. résﬁltc,wwho rmst ﬁear in mind tﬁe level of statisticél judgement used

(4

in compaql on with other work,

(3) The Prooees~Pesponse an1ronmenu

A dist lnctlon has already been made betweeh ‘responses of -

. geometrlc and aptrls form to tbe occurrence of the throe baslc pro»eqses
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,1n the s udy arca.' ”he nore comnrehenslve relab1oneh1ps whlch my o
be: found among all resoonses to processes are wowthy of separate
',conelderat;pn,

Mo consistent.releiibn‘with“preferred orientetibns’apd;basic:
slone varlables appears to exist. Gardner (1968) found. no |
51gn1f1cant correlatlons between ﬁectow magnltude ard elth r-of slone
angle, particle elong qtlon, size and size varlatlon. Caine,(19o7)
51m11ar1y emonas1aed that relatlons between 51ze, uhape and debrls
orlentatlon are no more than fortultous. " On southwest Devon slopes,
the proportlons of nreferred orlentatlons at strlngent alpha levels of
significance suggest similarly low relationshins with .process variation.
These facte démonstrate that:cenCIUSioqe'ebout}préceeses cannot te
ndetermined from sedimentological data aloee on debris slogpes; instead
the lengthy analysis of bbservatiens'oﬁ the proeeSSes therisélves are
.more apt to relrforce SPPPUlablOP on the ef;ects they will have made
_unon sedlment and geometrlc form.- | a ’ B |

.” In many cases, the verious‘process—reeponSe reiafiohships will
entw1ne, causing eﬂther substitution for, or enhancement and
contlnuatlcn of the effee s of any one p ocoss.  For 1netance, rockfa"l
is capable.of infilling the gullies created by both meltwater activity

'ana decrls flo“q. Vhere slones are short end cll;f-faces high large
rockfells have been ooserved to acouallj reform a slupe base’ lef+
bvertical in Drofile by marine»abrasion.' Rockiall-lnduced slide tongues
tiere also ooserved contrlbutlng debrlﬂ to comp ste for marine
‘removal at baee. Similarly, melnwa -4e3051ted debris Pans provided
.besal exteneionsdfer ve“al c0astal debri slbpes. SlushAavalanches

are knowm to produce slops exten51on by deposition of beulder “aprons"”

&
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‘at:'the slope perimete’ry Even basal erosion serves to modify the

other processes by ca.us:mg a steepening and unsta.biliz}ing

4 n a .slepe. Such ecﬁ.ons sn!ée reduce the amesmt of

: ng mach of- it to- travdl o
‘I‘he mtabinty inmases th

fer other running water proeesses. In this fashion ba‘sal

erosion serzes to produce negativeas-feedbaek 1n the s10pe system.l

hich arises i‘rom such intert-c‘bions. of cours,g. 18 mt the ‘

At 'gf.he mportaﬁce of specif:tc pro¢ 8

rela’cive ‘bo others in the study area. Various »_qnantitati:ve appqoaches

have been

~fn.s tha ;mq
* resposiv]

any one process is difﬁcm‘kt »tc_ asse&e«-!‘
'I:hepzdmmry question to be‘reselmd‘ in

£ Deven slopes volumes of dehris were not assessed. ‘
JE follow a qualita‘bive approach which censiders the role-_o‘f_
;_(s, _ti:e degree ef intereetion a.nd various other speeial‘ -

;n'ocess.

). isohtion.«

i
¥

15 study is to o

: nse interactiops

made in past studies. bnsed upon velm of debris ime{lved

«‘_j,_t,ion of" proces‘sas (Ihpp, 1960b: Gardnsr, 1968); but- for

-

In terms ef Jahn's (1.96&

on and slope transport' On ; Srest
Ny "cont:muous" slope proeess‘(_

le for theb. “ori‘ginv;ef-:_ ”a_ll the g

ef de’bris shifting, tmich hter reduces the amount of ﬁebris ,

Q.uation .
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The effect of the basic fall-sorting process which accompanies rockfall
'visfpresent,to varioué degrees on a}l?slopas, as ﬁoﬁfrayed Ey'thg;
correlation ratio scores for zonal effects. Modificgtions by otherA
processes, andvdisappearance of a réckwall source does not obliterate
this evidence. Similarly, the'basically_conqave.p?ofile form
génerateq by rockfall accumlation is'prevalent bn‘all_slqpeﬁ, barring
deificat;ons by‘pasal erosiqn. Running wgter progesées have tgnded ’
to reinforce and accentuate thé'form:ihherited'from'ihis output process.

Running water-processesuéan EeAreferred to as shifting,

qﬁeuing or re-arrangement prbcesses. Jahn's (1968a) categorization
would place running watergééminaﬁed s1opes as eqﬁivalently-balanced
;lopes,, Gardner (1968) believes slush avalanches:to be. the most
,importan{ of this';laés"onvlarge‘débfisA310pés,.With slides ahd local
. failpres rénking second. Rapp (19600), however;.ranks tzansportation
of dissolved salts; slides and flows ahead of dirty avalanches in terms
of mass transfer of slops material in Xarkevagge. On:SOuthﬁest Devon
slopes, runming Watervprocesseé constitute the ﬁajdr body‘of re-
distribution proéesSes. In terms of rank, slush gvalahghes appear to
have ‘caused the most significant modifications of the basic rockfall—
derived slopes. On slopes affected by this ?rocess, slope angles are
lower than on all other types;vconcévity'in vrofile is most pronounced,
debris size and shape is most consistéﬁtly hoﬁogeﬁséﬁs in vafiétion,
and'preferred 6rientations-ére;mést easily deveIOped.>’DebrisAfldw
activity'and‘melfwater gulleying appear'likély.td Lave trénsferredimuéh
éreater volunes ofvslope debris; but‘becaﬁsé‘this aspect was not |
covered such activities rank behind slush avalanching, which is contrary

to Rapp's (19600) findings. . °
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These latter forms of re-distribﬁtion do, however, have the effect of

enhancin% the debris size and shape trends established by rogkféll.

Slopes;ate similarly concave in form, and in terms of the whole group

the runni

ing water processes have a nronounced effect upon the debrls

slope_morphology in the study area,

interacti

Subsurface meltwater activity is found inconsequential to large-

scale morphology in the short term, but'&oesuhave interesting

ion with the slope mlcro-rellef. A cause-effect relationship"

" appéars to exlst between meltwater flow and the malnuenance of 1nter—

cone relief for the chamnelling of runoff., Formed initially by the

coalescence of laterally-expanding slopes, the depressions servé to

attract the larger blocks which have travelled farther downqlope from
the rockfall funnels. The concentratlon of these blocks increases
the melting of permafrost beneath it since the blgger air spaces which

exist between coarse blocks allow penetration of warm surface airs

Where fines are concentrated, permafrost is found nearer the surface.
I ' : o

| Due to the fall-sorting arrangement on most‘slopes, it has been

established that the permaffost table relief conforms to the sﬁrface '

~

profile fVII, ), with exceptlons occurrlng due to 1rregular pockets

of coarsb-51zed debris. Tnen the meltwater flow pattern will be
indirectly regulated by the size and thickness of the surface debris,
In the peak melt-peried, éubsurface neltwater is attracted to

the inter-cone depressions as it seeks out the most convenient gravity-

. flow route. The concertration of meltwater here causes a further

-‘1UWering:of the perrafrost table which enhances even more the

éttractioh of this chamnel as a gravity flow route. Chemical erosion

T

of debris in this channel likely occurs at a faster rate than élsewhefe
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on the slove, which may perpetuate the local relief'form.l In seeking
the‘most eéonomidal flbw'routes, the concpnt%atiohAof.Wdter lﬁfo

channels after travelllng only short dlstances dowm- uhe slope cvest
reduces the probablllty of a: slopewasﬁ effect from snonmelt. Most
}water on, the cones is then 1nlluenclng very 11ttle of the magor slope
'dep051ts through transnoxtatlon of fines following the aolatlon of‘the o
Vw1nter sriow cover. -The hlghest meltwater flow rates con51stently
‘poccur durlﬁg the tlme that water is" flow1ng doun the 1nt°r—cone .
depression, since passage is much easier through the large open-space
network of interstitial pores found here than it is in the uppef:slope
.;oné.. Heﬁée'ﬁovemeﬁt of flneé;in.suspéhsioﬁ.frém fﬁé‘télﬁs.céne neéks
. wili be lateral do:ns;ope and lnto the depresslons between cones.l_In
late sunmer , ,hOLgh, meltwaber prcuuced from the ablaulon of the |
permaProst 1tsali occurs at "uch lov ratos th“t the m:cro~rellef cannot
'exert any but-a loeal effect upon -the pattern of flow. Only at this
time of year is slopewash likely to occur, but its effect on the slope -
as ‘a whole is rather_small;7  |

. The'oﬁl§ pfocess conéidéred an butput process.encouhteréd on

the study area slopes is basal ercsion. It is also classifiea as a
sporadic §rocess_along<with those in.the running ﬁater group,>5nd-hasli
~ a profound impact-upon'slope morphology; Its effect has been shoun
| ﬁo'dépend'oﬁ'the magnitude and iﬁteﬁsity'df theiprodess itself (V,V(S)).
lhe prerefs is 11m1ted spataally in. thst it w1ll affect only those
slopes sufllolentlj close to the actxve boach, and temporally because
- maride activity can occur only ‘over a short cpgndwater'seasQn in the
summef-ﬁcnths. AlonaACane Liddon . éﬁdusectioné of Céswéllnlower

LY 3

basal erosion has affected SLeepness, dsbris arrangement and size-



R .jl ‘and shape characterlsties on. certain slopes.,

, pace the
be Oblit r

g 1nterg¢tj
S (Tiﬁklﬂr. £
' _ ;'b“ré';mlor-"clitter” s},opes. fm ﬂie'i rag

| are more frequent on such slopes than elsewhere, the angles ~arJ
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encroachment of ﬁho'séaiupon the slopes, followed by highly active
jhéchanicai cliff weathering. Slush.avalanéhing and ice falls may also
‘be major factors causing.-the Qﬁfferent*atlon in debris 1ayers, al hough
the: preclse nature and sequence of process domlnatlon or climatic.
effecLs is 61 chu,t to dvtermlné. : o A{vv - ~"

Investigatibns'on the Island of Rhum lénd positive support to
theqe 1nterac»10ns (ﬁcCann & R_chards, 569).‘ inbthat aréé,'raised
- marine gravels are-ranorued overlain by up to 6 metres of talus debris
, derived from sloﬁes at the rear,'ahdvprbnounge@'§1§pe débris
st*atlflcstlons were found. As at Cépé Liddon these forms involved
coarse openwork mater:al and bbndc of" f1n5v~51zeﬁ debris. Slopes were
_also found aevelooei over rock plaixorms, a characu ristic of Caps
Iaddon slcnes. it tnecefore is 1nterest1ng to fird that these
1nL3;act¢ong 1n a mdrlre veriglacial &rea may_be pommpn to many now-
fossil periglacial environments, |

Since basic differences co exist in the funciions of the
observed processes; the final aﬁalysis of proéess-mofphoiog§ iﬁtéréction
has become a subjective appraisal of the impbrtancé of sporadic versus
continuous processes, It is difficult, though, to assess thelr
individual siguificance beééﬁse slcpas in the study area are.a response
tq several interacling processes. The freau ncy and magnitude of any
process;varieS'over'time'ani'spacé, and in thls cortex* the ontlnuous
prbéessjof'foéxfall is belisved to have the'greatest ralevance>fér
slope dev*WO‘menﬁa- The spofédic-processes, éené ting of bdth shift
"and removal types, are nuch more dramat;c in their short-term effec»s
upon slop form; and the procsssas appsa% to dcvi;atA recent slone

developme1t in southwest Devon Islan . Vhether thay are céntinucus or
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sporadic, this study has found that on both large and small scale,
and in botl: positive and negative fashion, processes and responses to

them compose a significant gsomorphic relationship in the periglacial

slope enviromment.
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acéumulation, Rock catchment experiments indicate that only the upper
slope zones are at presenﬁ accumilating debris inrcohtinuons féshion
“on the slopes saﬁpled.’ Results from such experiments shovld be

enployed with restraini, and preferably only to determine zone axd -
rates of accumulation during thé;study peiiod‘involvedf
Running water processes constifﬁté the major'body'of-

re~arrangement processes in the-study area; and have a pronovnced
-effect upon debris slope morphologj. Their profiles arevmére |
pfonounced in concaviﬁy,_the overwhelming conformity in part duve to

the nature of these sporadic processes as re-arrangers of slope &ebris.
Slush avalanches appear te have caused the most significant
modificatiors to the basic rockfail~derived -slope characteristics,
while smaller processes such as debris flSWS»and accurulation of b?sal
fines involve a smailer proporﬁion of the total slope area and are Qf'
lesser importance in offect upon slope angle and geometiric form.

During the peak rislt-period, running wéter is respﬁnsible for-ﬁhe dowﬁ-.
slope transportation and depoéition ofvlarge quahtiiies of silt énd clay
at slope base. Subsurface flcw during this time becomes an erosive

and transporting agentAwh'cH appears to hold an interesting cause~effect
relationship ﬁith the slope rdero-rslief. Host subsurface meltwater

on cenes is influsncing very little of the‘majbr slb?e deposit, as it
tends Lo chanhel dqwn interfcone depressioﬁs inAseekinglthe.best
gravity-flow routs.

| TrendS‘fesulting from analysis of vgriance tests 6n size

data support the occurrence of fall-sorting of rockfall debris cn all

as

slopes in the study area. On basal erasicn and slush avalanchs-
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affscted slopes, the falli-sorting srrzngements have hsen drastically
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altered, while meltwater gulleying and debris flow activity pnja large
scale tend to‘add a significant lateral slope component to size
arrangeﬁént. Shape variations are attributed to many‘variableé, any
of which #re difficult to viéw in isolation, . Spacing and presénce of
joiﬁt_patterns, bed thickness and fracture éropértiés of the parent |
lithology aré‘ppobably the ma jor variabies‘to be considered,
-Significant lateral afrangements in shape are believed due to ﬁon-
uhiform dissection of the rockwall; whilé uniform rockWall diséection
Wlll be indlcated by unlformlty of shape variation over a slope.
' Comparlson of size and shape results with similar studies reveal that
because statistical power is greater for the southwest Devon testv ’
design the results of this study are more reliable as indicators of
the nature of size and shaée on debris slopes. |
Results of slops angle studies support the likelihood of a
range of cormon slopeivalues for élopes affected by the three basic
proceSs_groups‘ih maritime periglacial areas. 3Results'of previous

studies do not in many cases apply themselves to the warieties of

'“s1ones which are found on. southwest Devon Island. Stock;

?varlous slope statistics were found incapable of sufflclently

':différentlaulng between form of the s»udy ares slopes; nevertheless

| thvj retaln value as a means of quantltatlve profile class1flcat10n.
Debrls orientations determined by Caine's (1969) photographlc

method are not rewarding in their expected canaclty as process

indicators. At the .05 level of 51gn;flcance the proportions of

significéntlyéoriented samples on élopes affected by all procesées
. reflect the underlying lack of strong directional preferences

associated with the various processes.
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At the .10 level of alpha, signifiéant'orientations appear determined
by variations in the degree of local slope failuré'aSScciated with
basal erosion. .Qn rpckfall—dpminated.slopes, significant directional
preferences tend to develop mors easily on the smdother~§ﬁrféced
ubslope areﬁé; énd similariy, preferencés ére mdre likely.to occur
. on the éurfacés of sloves affected by slush avalanching thag.on a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>