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CHAPTER I 

IlJ'I'RODUCTION 

(1 ) Purpos.~ 

No comprehensive analysis.yet exists of the· relationships 

.between development of slope forre--and the ope:ration of slope· 

processes within.the periglacial environment of Canada's High Arct.ic. 

With the e'X:ception of Rapp's~ (1960a) lengthy report on~Spitzbergen, 
.. .. -

the periglacial environm.e1~t. has been neglected as a favourable 
. . . 

"location for slope stu.iies~ yet. the application of slope theor:tes 

based upon mid-latitude or high-altitude resear.cn is not entirely 

warranted because there is at present no substantive b~,dy of proof 

that the slope proci:-sses and situati('l?lS fcnr..d in those enviromr..E';YJts 

are -shnila.rly ·character:tstlc of Rct:i.vo per:i.gl.1c~l D.!'eas.-

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

la.ck or info1•maticm co11cerntng the process-morphology relationsl)ip 

ori debr;is slopes. There is a -call fol;' further explora,tion. of lirlkages · 

' 
between geomorphic elements in all morpho-cl:i.Jr~tic regions. The 

presel-'lt -study.. was undertaken as an attempt to sat.isfy that- raquest-

in an A1~ctic periglacial. :-.:rea.. · Its. goal is . .:i. val.id assess;:nent of 

process-morphology relationships in a diversity of locations within 

this setting. The results of separAte analyses of. slope form and 

slope processes are combined to determine the degree of interaction 

that exists between these geomorphic elements. 
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Figurli l 

Geographfo location of Southwest Devon Islar4 
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Debris slope studies fo:rmed,:part of the geoJ11orphological 

investigations undertaken by.the McMaster University Arctic Research 

Group on southwest De-von l$lar.td, N.W.T. (fig. 1). Devon Island ·is 

·positioned between latitudes 74°20 1 to 77°04• north and longitudes 

79°20' to 96° 50' west. · The des"igna ted. study area is bordered by 

three major ".l'ater bodies: Gascoyne Inlet to the west, Lancaster Sound 

to the south, and Ra.dstook Bay t.o the ea.st -(fig. 2). Within these · 

bounds is located a complex la.ndform sequence, the mcrst pronounced 

of which are the horizontally-bedded limestone plateau and plateau 

remnant. Specific emphasi.s was placed by the a.utho1· on debris slopes 

developed beneath the 6d.ges of these prominent features :in four 

different localities (fig• 3). lL basically uniform· lithology p:reva.ils 

throughout these locales, which.allowed emphasis to be placed upon 

the differences in slope form and development found in 1•elation to· 

varying types am intensities of p:..-ocesses. 

The initial data collectio:n was ur.dertaken 1rhile the author 

served as field assist.ant to Dr •. P. J. Howarth during a s:b::-week 

period in 1969, from mid-JUly to Sept.eml:-..er. A :much longer field 

sea.son, f:rom :mid-June to mid-August in 1970 allowed slabora.tion and 

completion of the study' s data gathering sta-go. Observ-~ticns xr.,3.de 

in the two summer ·sea.sons were supplemented b-.f· a. o:ne-wcek field 

excursion to the -study area in mid-October_, .1969. 

(J) Methods 

The minini.um requirement for accurate analysis of slope form 

is a standa~ized. surv_ay pr.:>ccch.ll'e which can be ad.apt.$:{ to -.slope 

3 
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Figure 2 

Aerial photograph mosaic of the general study area 
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types o.f any dimension. Tacheumet.ric sur..-ey methods r.teet thls 

requiremont and were usoo to rcco1u slcpe morphology,_ its changes and 

its irrcgula1 .. i ties i.."l the sb.1.dy a:roo.~ The tachoc:~i1'3tric.ally-<lerivt-d 

. profiles enabled slope forms to bs re~onstru.ctoo a:nd classified for 

quantitative analysis. 

Recognition of the pro_ce_sses operating on a. _slope and "their 

order of significance was accomplished by b~th visual evidence of 

present or past processes and: by inferences·I!".ade·from samples of the 

slope surface charact~ristics. Samples were oollected according to a 

R"ystema.tic procedure which required the selection of two samples 

from each.- of the -upp~r, -rc.idd1~ and base.l zones of a slope. The 

parameters selected as :measures of _prc-cr:-ss type .and int.c-'lnsity we;.•e 

.debr·is. s:ize, shape and o:rientatio11. IndivitlU<'ll J:~ock type Wf.c.s &.lso 

recorded. to ascertain the proportion of each sample cccii.pied. by the 

two litbologic groupin~s. -The areal wn·~ti".'Yl c-f thes0 ~!',:;'!.meters 

allows an understa:nding Of the natU..1'8 and £o~:m •::>f debl"i:-; slopes 

developed in ve.J·•ious localities. 

On a sw.aller sc_-:ale, cert.a in processes w-e~·e stu.dic-<l e1aploying 

addi.ti.onal methods for obtaining :information which coultl not be 

derived from the r11ajor test procc-dx!l·a. Polythene pla:-rtie sheets ·w"re 

establi.sh~ on select('-d slopes t~ h'ap rockfall debris during the 

1970 field season. The amount. and general. charactel'.;istics of the 

trapped dobris alrl the areas of its greatest accunmlatic:n ir:dica.ts. 

the nature· of the rockfall process iu the area dm.~irlg th3 particular 

period. A coloured dye was also useci ort certain slopes dtu•ing and 

after the 1970 peak melt period to tr.ace the p..1.tteru and rate of 

rm1off f2'on vc..rioi.1s scu1•ces through tho slopes. 

5 



. F'igure ) 

Geographic position of the selected study localities; 

.·· · 1) Ca sw~ll Tot·rer • 2) Inlarrl plateau 

0 
3) Cape Lir:ldon·, 4) Casuall Tower. • 

oob-e C> • 
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Results of these tost.s give preliminary ~1.nclications of the nature 

and :lmportance of pe:rcolatjng water and· sub-surface conditions on 

debris slopes developil1g i?i a.n active periglacial emri.rorm1ont. 
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. CF.Jl.Pl'ER II 

PR~VIOUS IrNESTIGATIO!·~S 

(1) Definitions 

Terminological confusion becomes evident from studil:3s of 

previous slope lite:cature. The -two terms .most widezy used, ."talus" 

and "scree," arise from tradition-bour.d natj_onal preferences yat 

suffer from a lack of .proper distinction • .Many writers e:rnploy t.he 

terms synonymously (for exan;ple, Rapp, 1960a&b; Caine, 1967) iri 

reference-t() rock .fragments found on steep slopes or at the foot of 

cliffs; but. there :i.s also a basic confusion when. they are t:sed to 

refer to landforms. It is not clea:r· whether talus and scree refer to 

a particular slope-landform, to its constituent material, or to-both 

(Sharp~~, 1938). Talus j ~ most often defin,,-1 ~.s -che ~le pe form 

created by accmnula:tion of loose debris at ·the base of a free...;faced 

cliff or mounta:'..n wall; while scree is e. more ; nc lu.si~1e term which 

incorporates nc>t 0?1J:y talus slopes but those wl-1ich do not lie belov: 

any wall or free-face (Stamp, 1963; Dolphin, t 962). Stamp ma.int.s.ins 

that SCl'E:e r.1a.y also !'efer to the !nate:t•ial Wh~i.ch forms a sc;:•e.:i slope 

(a:nd hence a talus slope). 

Cla.rif::icat.ion of terms . the:raf ore seems desireat-lo before arry 

slope stixl:tes ~ro 1md.erta.!<e~. This l·rritor prefers to rc,ject the 

synonymity of talus and screo i.""l des_cribing b:>th 1andform .and 

const.itu«.mt m~terial. T8lus :1.s the term retai.vieq accrn'ding to its 

popular definit:ton. as a spccj_fic; slope type: wh:LJ.e scree is employed 
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as a general term only i.Yl that it refe:i:•s t.o slopes which are not 

classified as talus slopes. The constituent :material of all slopes 

is re-defined as slope or_ l•ock debris :in order to avoid the 

previous1y-inentione<l confusion with landform terms. Finally I ·when 

discussion ir1volves all slopes· {both talus and scree slopes), the 

inclusive ter:m "debris slopes" -is employed. 

Four :major types of debris slopes arc dealt with :in this study. 

As shown -in figure 4, they area-

(a) single cones fo:.-med beneath a rockfall funnel developed- in 

the f ree-.f ace 

(b) talus sheets form3d beneath a free-face 

(c) a series of talus cor!eS '\,yhose aprons have coalesced 

(d) scree sheets with extensive late:r&l variation-, -formed by 

debris burj.al of the free-face. 

(2) Pro:~es~ Stu.rlin~ ____ __.. ___ _ 
A deb1 .. is slope, like any other land.form, depen1s upon one er 

a. combination of g'30:11cr1Jhic processE:•S for :\.ts present state of 

der1elopment. In the litc.l"~ture one detects a constant at:tempt to 

j.solate the various sJ.ope-f ornting proc~sses, but r..a:ny of the 

investiga.tions are of limited scope and arc cr1erly-tlosc:riptive. 

Information on slope processes has accumulated in step·-like 

fashion, the largest stride having been Mde h,y Anriers Rapp (1960z> .. '.::h). 

Behre (1933) first diBcusses the role of rtu't.'ling water in distributing 

rock debris downslope, and. draws attention to thfJ large gullies cut 

into the debris slopes by" water floi-r concentrating :i.n the O".terJ.y:rng 

rockfall funnels. Blackv;elder (19i+2) . ha:~_ pointed out th0 cros:l:vc 
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Figure 4 

The four majcr types of debris slopes (from Stock, 1968). 

A) talus cone, B) talus sheet, 

C) coalescent talus cones, D) scree sheet. 
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_pqwer _of rolling material en debris·: slopes. This process operates 

"' with t.he aid of mud.flow, stre.am and avalanche action. 

The narrow ridge-form debris "levees" are discussed by Sharp 

(1942), as -- featU.res which -form along dry channsls c·n ·-slopes ill the 

Yukon. Observations of the composition, fornianddistribution of 

these ridges and of active mudflow:s indicate tWit they a.re built when 

_slope material is ploughed. aside .by mudflow lobes which e.re carving 

the~ own channels c)r folJ,o:v;irig •existing o_nes.: _ 
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Ward- (1945) attaches importance to fragment slides and rockfalls 

as -types of slope -failure. Their cha.racter:i.stic moveme:nts and 

under;cying causes are described. Once distur[)ed, debris rolls freely 

siiice little resistance is encour1tered' and may impart momentUlli to 

other -slope· debris and ·create- a- ·rockst.ream. - Marine and f:\..uvial 

undercutting of cliffs is cited as a_contributirlg cause of rockfalls. 

Jenness (1952) dr::..ils Rttention to the la~ge-scalc sliding 

__ and slu."'Tlping which occurs en bare slopes m1derla.;1.n by _permafrost 

when a p0rtion of tbe ic::i j s e:cposed to smra1er air temperatures. 

Washburn and Goldthwaite (1958) continue the index:ing of 

process by describing slushflow, which is the downslope movement of 

water..;satura:ted. sndw iri "cr-..annels during the spring. Slushflow is 

common __ in Arctic ~.roB.s ~r;d is t~rrned a sporndi{! process of beth 

~rosion and deposition on slopas whi_e-h often ~"eaves riatu!·al .levees 

of colilpacted snow on either side of its path. 

With H.a.pp's publications, proces·s studies become mol'e 

__ cor._ip1•ehensiYe and analytical. ~pp _attempts to _assess the relative 

.importance of a ·set of _processes, and concl-ud~s tru:t_ rockfalls ar;:, 

more :lmportant than roqkslides and avalanches ir: deb.ch; slc:pe 

. , ~· 
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formation (Ra.pp, 1959)~ -The same autbor-~(i960a)--classifies movemer1t 

-in and from a talus-slopeaccordil)g,-;:,o,;three sets of processes which 
. - . . 

I are debris supply, debris shi:ft and debris removal on a:. slope. 

· 1 A continuous study of active slope processes is also niade in 

I 

I 

I 
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noi--thern Lappland over an eight year span (Rapp, 1960b). The mass 

movements eharacteristic here are·an elaboration of-those p~eviously 

mentioned (1960a), and are:-

(a) fallt tha -1·apid indiv-idual, mov-ement of pa-rticles by free-fall 

or by leapii1g and ~Uiiding -

(b) slide, slip," slUr.ip1 the rapid' :mass movement along slip-planes -
-·· - -

(c) flows: the rapid. flow :movement of a fi ... "'le, saturated regolith-

(d) creep: the slow j.mperceptible movement of debris 
. . . . . 

I -Ce> su.bsidence: --the sinking or debris over cavities, arid compaction. 

Rapp stresses-that quantitative slope studies must consider both 

-contiir.ious and sporadic processes_;- .even -though -t:h9-y -ar9 rather~ 

difficult to compare in terms of quantity of d-ebris ti·ansported. -He 

_ ranks slope processes in Y..arkevagge in the following ord.er -of 

inlportance: 

(a) renir.rv-al _ of_ dissolved_ salts 

(b) earths lid es and muiflow's-

( c) dirt;jr avalanches, rockfalls -ani, -frost weathering -

(d) solifluction and talus creep 

_ {e) slope-..1ash ar.d wi.'"ld erosion. · 

.Among his recoi:Imendatior.s· for further stlldy1 -Rapp calls for 

a greater exrun:i.nation of both sporadic and continuous processes. ·He 

poses -the quest-ion -cf whethe'!" O!' -not -recent debris : slope -developrr~ent. 

is the result of dor.rln.:n1t sporadic and catastrophic processes· in 



I · ·ev.ery type of environrnont (P..a pp, 1960c). 

·A noteworthy categor:l.:r..at.j_on of debris slope processes has 

resulted f.rotn Tho~nes' .· (1968) application of queuing. theory. to debris 
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slopes. Thornes groups slope processes into three sets of variables:-
. -

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

top_of a slope 

(b)queuing proeesses; ie,· those which affect particles on.or. in 

the debris slopes 

(c) output processe~; ie. those uhereby _particles are removed from 

the foot or a debris slope to be transported elsewhere~ They 

are i~elated to rm1gnit1Jde and frequency of the opers.ting removal 

processes. 

· Thorne_s·-suggests that tha relati{)nships' between variables and attributes 

may vary from time to time under different environmental states. 

Descriptive accotmts of debris slopes have, in the past, bee21 

concerned with the v~iriOU$ geor.mtrll') 2.s:pects of form; a.nd only 

oceasiorially have slopes been treated as sedimentary deposits with 

disti."'l.ctive particle form, . Geometric mrl sed]Juentary form, the two 

aspects of :morphology, a.re reviewed in this section. 

The mea.:i? slope angle or inclinaticn is a descl"iptiYe parameter 

of slope· fOl"lll contir1ually me11tioned by field vio:rkers. Be'hre (1933) 

obser-1Ted that tho maximu.'ll s.r1gle of rest for· ba.re slopes, i•ega2>dless of 

rock size, w~s 42° in D.lpiue areas above the: timber line. The :most 

frequently observed angle was ,36.5°. ·Miner (1934) repo~ted 

exceptionally high and stab1e debr:i.s slopes in the G;;..spa Peninsula 



with angles ranging from J6° to 40°. I11 south Britain, Ward (1945)· 

ob~er-1ed slope a.ngles·to be characteristically ~o to ·J5° for dry, 

gravitational cones. , Rapp (1960a) rei»rts debris ·$lopes in 

Spitzbergen ranging in angle from 29° . to 40°; while Andrews (1961) 

roUnd a characteristic angle of 35° for both Wa.sda.le·(England) ·and 

·· Lab1•ador slopes. Tinlder (t 966) finds a characteristic angle- of 35°:­

B:nd a limit.ing angle of )6° for debris slopes in North Wales. Caine 

(1967), wo-rking, on selected 'l'asma.nit.n slopes, did ·not f:i.nd any slope 

angles greate1• than· 4-0°; while Rocky ~ountain slopes stUdied by 

Gardner (-1968) did not exceed J50·. · 

. . Young (1960) .has defined the characteristic e:ngle of a slope 

as one -which most frequently occ~~s; either on all slopes in a region 

o-r urider particular climatic or lithologic condi.tions. · Lilniting 

angles of slope are. similarly cescribed as those which define the 

range wit..hin whi~h. particulal'. sl.Clpe su.rfacfo1 featixres occur or 

· . pa.1~ticular processes .oper~te. Yc·W'lg • ~ terlldne;logy i:> prefer1•ed. in · 

this study. 

14 

The geometric form of a debris s·lope also includes its profile 

form. Profiles are .usually asscic1..a.too with slope_r.ngle, 1.md dis.play 

characteristics of three .general states: convexity, concavity and 

·' ""l. "t ( t;- • h~\ rec r.J..J..:t.neari y . s .i."'a).g .,,) ... Both -slope profile ~md ~lo:ps angle hav.9 

been regularly a:o;.socia1::t"1 with the sedimentary characteristics of the 

deposited ro~k debris.· Miner (1934) accounts for the compactness and 

·rigidity or· the steep but stable slopes by·the elongn.ted shape or 

fragments and their ·downslop-3 ir.rhdcation. ·-.Andrews (1961 )- has 

explained the oversteA;pening of pla.ty mate;rfa.ls ·in the -same fashion. 

but credits an upslope imbrication. 



In contre.st, Van Burk".::1.low (1945) suggests that it is the nngula.r 11 

coarse-grained and massive nm.terial which causes steep slopes, while 

platy, smooth elongated fraginents create a more .gentle slope. 

Van Burka.low has also assessed the relative importance of 

various slope pa:rameters. When size and shape vary together in 

I. perfectly sorted :m.~terial, ~hape appears to be the controllj,ng factor 

of slope angle. But since debris slopes a.re iinperfectJ.y sorted, 

siope angles will va1•y directly with size of' h:·agments. When fragment 

shape is uniform, the slope angle varies inversely with si~.e of 

material. The influence- of si7.e is evident only in :Perfectly sorted 

material because when a size mixture occurs, cohesion dffitelops in the 

:mass and allows a st~~per slope to. be tr!~inta:i.nad. Ward (1945) regards 

slope angle as a function of comp&.ction which is directly conditioned 

by the -sruipe of the constituent boulders. Aritlrews- (1961) -emphasi'Zes 

the stron3 rel-ationship betw·een slopa r.nd shap3 "f ina terials. 

Gardner (1968) has found the surface inclination of a slope 

to in.crease with dista...':'lco from the slope base. . As a- result 1 co!"lca.ve• 

.profiles are characteristic of alpine slopes. As the top of the slope 

is approached, the concavity approaches rectilinearity. 

Since rock deb~is slQpes are sedimentary deposits of a p~i.~~ry 

fo1•m (Griffiths, 1959), there is a need to Sttr'Vey the vario'l.1S comments 

tnade on the debris characteristics, such as sizes -shape, and 

ar~angement on a slopei When rock debris is separated from a free·-face 

-·and falls onto the debris slope, -a crude size-sorting is . generally 

report.ed, ~:J.t.hough t.hero are c-:>nffic-tfng repcrts. Behre (1933) fer 

-example, -describes debris slopes where the l;-.1•gast · fragm<?nts lie near 

the. slope top with the smallest at base. 



.. ' ~· . 

Van Burka.low (191+5) acknowledges the common case to -be cne where 8. -

crude sorting occurs with a dolmslope increase ·in debris--size.- Rapp 

(1960a) points_ to __ fall-sorting as creating downslope_ size :i,ncr~a.ses _ 

on Spitzbergen slopes. The height of the free-face, however, may 

__I_ cause ·a reverse fall-sorting since a growing talus cone will 
I 

-increasingly cover the r.ockt-vall- and allow low falls--to p~edominate.--

- In this way large blocks may fall short distances onto the top of a 
--

-_E,ilope with no substantial do~mslope-nl>)vement. -Bebi-o-' s- fitldings are 

therefore -explained in terms cf slope de'1relopment, .A. slope composed 

of extremely· flat fragments- may also- show -a rev/'erse -fall-so:rti."'lg.; 

Rapp (1960b) mentions t:b...,'l.t kinetic energy, ,particle sha:pe: a-net -surface 

roughness are the main factors controlling distance of travel of a 

rock fragment. -

Andrews (1961 ) has a.l~o fo'Ul"1d a crude- downslope increase in _ 
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fragment siz.e on the Wasch.le slopes. Sui:-er~gukr zr:_~terial- is expected 

to display a wid-e variation in degpee and- extent o:f.'-· grading, while 

size grading ir1 plti.ty debris is inor-a rl.'!guJ..ar aver the length of a. 

slope. These observations Ar.id.raws: found to be ·compatible with the 

d:i,fference in degree of packing ob_ser;.red. Cai.'¥1.e (196?), howev·or, 

found the variations in fragment size and sorting over selected 

Tasmanian slopes statistically insignifimmt. The visua.1 trend 

towards do"W'nslope size irlcreases are therefore not sta'tistica:tly 

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

Mountain slopes. · -The s:i.ze distribution is lo·g-n!.>rma.l at any ·point- on 

the talus, so that with increasing distance- from slope- base -a. 

logaritll!~ic decrease-in average particle sise is-characteristic._ 

Concerning debris_ sfa.e and sh2.pe, Griffiths (1959) - .L -
(lXpeCi,S 
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these variables.to be homogeneous in variati~n, with little or no 

layer~in~ of deposits because a debris slope :i:-ep1·esents a very early 

stage in the dispersal of source material. Gardner (1969) cite::; rock 

.lithQlQgy .as influential on deb~is size and Shape, ·_esp~cially in areas 

of mixed lithology. King and Buckley (1968) subrait that si~e and shape 

variables ta.re _not Well-correlated, and thus shape variations arc related 

only to variations· in depositional processes, Roundness values a1•e 

of limited use in debris slope studies since r..aterial is invariably · 

angular or subangular. 

Fabric or~entaticn is ono aspect of the sedirnentological 

characteristics that have only recently been tre~ted in detail. 

I · Cailleux (1947), Hameli::-1 (1958), and IC!.atka (1961) have derived 

·1 · quant.?-tative indices_ o.i sfae and fab:r-ic characteristics wM.ch indicate 

that orientations are aligned with loc,al slope directions. P..app (1960b) 

~eco~ed the orientation of sto~~t.the edge of a mud.flow lob~ as 

transverse t.c the flow directie:n. Long axis orient.at.ion on d:r-y, 

gravitational cones is preferred downslope but not pronounced bacause 

the rocks interfere with each other's r11ovement.s. The general point 

brought out i.'l'l Rapp' s work is that orientations diffei• according to 

the slope process in operation. 

{4) Tnteract~on Studiee 

It. is insufficient to cons:i.dei• and then aba:ridor1 the various 

aspects of slope form and slope processes es sapa?ate ~ntities, for an 

appreciation of·both requires knowledge of the ways in.which.they 

affect each other, Vary few atte:mpts to deliniit these rolaticmships 

have been :made, the 11Jajority o:f these :r.erely touching upon the possible 
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-cause-effect relationships l-thic'h seem to be j_n cvjdence· on the slopes.·· 

Carson (1969) recognizes this probl_em by relating :that much cu.:rrent 

wo:rk.is trying to establish controls of the rate.of operation of 

certain processes only· to· :ii1.fer the dominant ·processes~. ·There· still 

remains the issue of d.et.errnining the geome.tric changes associated 

w.:ith specific processes. 

. As early as 1945, the influence of vari.ous processes upon 

, slop~ profile was recognized. Van. Burkalow. noted that rat"G of. debr:i,s 

supply, downslope movement of large boulders; inclination of slope 

base, -plan-view curvature of the slope and height of fa-11 of cfobris-

all contri.bu.te to concavity or ipfluence the. shape of the slopo 

prof~le. Rapp (1960a) dividui his·Spitzbergen slopes into groups 

based upon measured profile. and ·.surface :f-orms, acccn-ding to the · 

dominant proces~e~ obser-..rej. Differences i11 slope angle and profile are 

believed to be the effect of various types.of _transport· processes, and 

the_ fact thst. :permafrost lies bel~r;-1 tr..e_ surface .see:ms to. have very 

little effect. The shifting and removal of material, says Rapp is tho 

levelling factor -of a slope, rE:i.:.ucing it. fro:ll· a convex· debris slope· 

accu.'llula.tion to a low-angled concave allwlial cone. Scms of t.11ese 

:process-form relationships operate in ~ system lif:ith nega:t.ive feOO:oock 

(Car~on, .1969) ,_ sincsi. most debris -transport proces::;es depen.:l txirtly 

on angle of slope. Bence in a -case where the result o:f debris 

transport is to lower slope angle there exists a.mecha.nislil which 

I_ retards the operation ol' that process. 

Again 'ba.secl on observation .and induct:b,:..e reaso1iing, Rap!J (1960b) 

ve~~ies Van Burk~low's (1945) earlier idea t?at height of fall of rock 

debris affects the ·slopr:i p1~ofile, and··notes th&.t high, widespread ·falls 
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tend to create a more stable, less steep concave slope than do lower 

falls. · There a.re; however, many ot:hqi' complicating factors in 
!~~·- . . 

p~of~le_ d~elopme~t such.as frequ~ncy ~nd.source of .the rockfalls, 

fragment characteristics,. ()Ccurrence of vegetation and ·the presence of · 

· a basal sapping :mech.G.nism (King, 1966). · 

Attempts to relate particle Shape,· sj.ze ar..d arrangement to both 

g.eometrio form and process o:r1 a slope have been few (Caine, 1967). 

Since partiGle ai·rangerri.ent is .priw..arily deterndned by. the type of 

process operative, this p.ram·3tGl" is useful il1 recognizing the relative 

importance of a set of prooesses·which have produced-and modified the 

slope features. Andrews (1961) reco:'lis a downslope orientation of long 

axes of shale debris 011 a gra.vit.a.tio11alr·f'orraro slope. Where the long 

. ·axes are inclined at an angle to the slope directio:rl", the causal 

factor is local slope failure. Ra.pp (1960b) w.ai.?1tains that downslope 

orientaticn on dry g1"c..•ritationo.l. ct:mes is dtte t.o jnd.:i.vidual gliding or 

sliding movement of :particles, while transvsrse · o:rienu:tion is · 

explained as the r~sult of the rolling of stoi-:es. 

Caine (1967), however, finds a lack of diroctional preferences 

which are significant, and rr.ainte.ins that· a randoro. or uniform fab:t'ic 

is to be· expected on a. dry. gravitational r.:o:ne, mrl tr.et fabrics a.re 

a i•esponse t.o i•andom· p-.L'ocesses of tP.lus f"4ccu::n~ilation a.rJ".l creep. On a 

smooth, inclined. plane, debrls sliding gives a do¥n.slopa- Rnd rolling 

across-slope orientation; but because a. debris slope is not smooth 

but rough-surf@.ced' there will bs no strong orientations· in any 

direction when accunro.latlon by rockfall is the major -fact.or (Caine,· 

1969). 

The :rnost recent lnajor· study or p.t-OO(:ss..;.morpholog;.v :i:·ela tionshirs 
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has been produced by Gamn~r (:t 968). · Working in· the Canadfun· Rockies, 

Gardner has established six IW3.jor linke.ges-among_geomorphfo elo:ments1-

(a) a lit1kage between environment arid· w~athered .material -

(b) a two-way linkage between environment and slope processes 

(c} a direct connection between environment and debris slope form 

~(d) a t.wo-wa.y linkage ·between the jieathefett ::material ari:i-the slOpe - -

processes 

{e) a. linkage between weathered :rnateri~.1 arid the slope f'orm 

·· · (f) · a two-way liilk~ge · 'between slope proc.osses and sloPe form • 

Certain of these element.s have been treatoo extensively in the 

literature; while others need much grester attention from 

geomorphologists. It is Ga.1-d.ner 1 s recom.inendation. that these linka.ge-)s 

. be explored I .. expanded . and a p'plied -:tn Other I!lOl'phOCj_ima tic regions ll1 

order to test their sp.:i.tial variations. 
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CHAPrER III 

THE SETTING 

(1. ) f1eol6gie ·Environment 

Devon Island is underlain by Palaeozoic strata which lie in 

a westwarct-dipping homoclinal succession of the Jones-Lancaster Ba.sin, 

called the Devon Hor1:.ocline {fig: 5). This homocline appears to be the 

eastern limb of a :major syncline, its axis lying along Wellington 

·channel ~nd its western limb along the east coast of Cornwallis Island. 

(Y, o. Fortier in Fortj.er et al, 1963). The lower Palaeoz.oics withi.11 

this area have an estimated. thi~kness of ·5500 ~etre::; (Thorsteins~on, 

1958), and are collectivelY kno~·m :;.s the Read Bay Formation. Of 

predominantly hiddle and Upper Silur5. . .9.n strata, ··this formation exter.ds 

south under the northern coasts of Somerset and western Baffin IsJ.ands. 

South of La.ncastE:r Sotmd the Reao. Bay beds appear to lie across t.he 

southerly-striking Devon Homocl:Llle, likely due to. normal faulting a.long 

Lancaster Sound (Y.O. Fortier in Fortier et al, 1963) • 

. '.r'he Radstock Bay-Beechey Island area is n:.app-ed. as bearing rocks 

of Cambrian, Ordo7ician, a.nd Silurian age, al though t'he lithological 

and faunal· evidence reveals that t.he beds are more specifically Upper 

Silurian. · They are westward-dip:pi:ng and consist or dolomitic 

limestones with some i!iterbedded conglomerate limest.011e; argillaceous 

-. · J~irriestones; · silty li>r.estone-s, cri:io:idal limestones t calcareous· shales 

·and ch:ert. · These have. been broadly grouped ir1t.o t'T..iO classes for 

. f:i.eld study, namely&-
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(i) silty, argillaceoi:.1s, ·and dolomitic limestones 

(ii) cr:i.noidal iimest;,nes. 
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I · ·The only- stratigraphic sect;ions ·mapped in the. area are approximately 
I· 

350 metres thick (H.R. Grein~r in Fortier et al, 1963). North of 

Beechey Island a gentle anticlinal flexure is found with its a.xis 

trending slightly northwest.(fig. 5), and is believed to.have been 

formed at·a period later than the establishment.of the Dev'on 

Homocline (H.R. Greiri.cr in Fortier et al,1963). On the south o~ this 

fold at Beechey Island, beds dip .2° to. J0 . south,. while on the north 

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

·north. 

The dominant g.aomcrphic feattire of the area is the .320 to 400 

metre·hish Bii.rrow Surf"ace, the erosional remnant of an older and 

higher s:urface thought to have been eroded sub-aerially during the 

Tertiary uplift {Bird, 19,:59). The initial graben fault lines of the 

a.rea were ·ba1ie'Ved occupied and ,;ridehed by a fluvial network wM.ch, · 

during Tertiary i1plift; began downcutting to create the present-day 
. .. . - . . - .. . ... - ... 

pattern of channels in th::i...s pa.rt of the Queen Elizabeth Island~ 

(Fortier & Mor lay, t 9.56). This pat tern may have been accentuated by ·· 

· ·glacial scour tl1iring· the :maximum Pleistocene ice stage. 

The extent of Pleistocene ·glaciation in -the Queet1 Elizabe~i.:.h 

.. 

·Islands· is generally unclear. It is assUllled from available evidence 

t.htl. t . the r.:ou."ita.ins and uplands . of Ellesrnera, Axel Heiberg and -Dev~on 
I 
I Islands wei~e co-vered by a .single ice .sl~eet _ (Bird, 1967) •· The 
I 

I erratic·s of ?x-ecambr:i11.n gneiss and granite found on the surfaces Of 

plateau areas &re the most ·obvious irJdications of an ice cover. 

, These are loca too well above th<:i post•gl..~cial :rr.arine limit and could 
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Figure 5 

. . 

Geologic st:ructin-e or southwe~t Devon Island 

(from ForM,er et. al, 196 3). 
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··not have baon rafted t1iere by ssa ... i.ce · (King, 1968). Over most 

sections of De1ron Island, the ice sheet· was ·vnconfined · by 

topography, and the -11".elocity of basal ice was so low that it appears 

to have pla.yed more of a p!'otective role than an erosive one. Glacie.l 

modification of the landscape was largely con.fined. to the valleys which 

ser-17ecf as outlet cr...arinels for the interior ice mass (E. F. Roots in 

It is believed that the g1·eatest effect of glaciation lies 

not in. any depositional or erosion~l cor1t.cxt, but in the resulti?ig 

isostatic uplift or the land surface once burdened by the weight of 

ice. Between approximately 9450 years B.P. am ?000 years B.P.; 

isostatic uplift began to exceed the eustatic rise of sea level 

caused by melt:ing of glaciers (King, 1968), an '.event which made the 

sea reg1•essive on the Devon Island -shoreline. In consequence, · 

recently emerg€d. st:ra.r..iliries are found along t.he south· coast up to 

a height of 95 metres (Bird, 1967). This level is comparable to those 

reported at Resolute. Bay (99 metres)· by Bird (196'1), and those on the 

north coast of Devon (106 metres) reported. by Kjng (1968). Even 

above these le--rels, 11'..arine shell fragments can be found (Bird,. 1967). 

On soutb Devon, wa~e~cut rock terraces :L~di~ate a lengthy _still~stand 
I 

I of the sea at heights 11 to JO metres above present ses-l6''"el 
~. I 

(E.F. Roots in.Forti.er et al, 1963). -There is no evidence of tilting 
I 
I· 

I 

I' 

. . 

of the Isla.nd duri.~g emergence. 

Present rates of recovery of the !slanl a1'e varied, the 

ma'jority being 'based on archa:eologj.cal evidence. Fortier et al (1 °963) 

suggest a ne:t downward movem~nt of the land by J metres since the 

Pleistocene. 
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King (19G8) fr-om work on north Devon Island reports that the rate of 

1 

isostatic uplift has been ste3.dily decreasing since 7000.years B.P., 

. . with 'the result that "isostatic equilibrimri has at present 'been 

I attained. Collins (:i. 9.51) favo.fil.s a conti."l.uing emergence in the·. area at 

a rate of 0.15 cm. per year. The only detailed work on southwest 

Devon, by 0-wens (1968), suggests a continuing net e~e1~genc~ of the 
. . - . - . 

land. From these varied corrnnents it seems re.asonable to. assiririe that 

emergence of the land is occurring in relation to sea~level bl.tt at a 

rather slow rate at present. 

f (2) Climatic Environ.'11.ent 

j Cliroa.tic data for the study area is sparse, although records 

1- .. kept at Resolute Bay on neig.'1bouring ·Co:r-tiwallis Island can be used as. 

I general indicatol•s oi"Radstoc!~ &ty cB,ma.tic conditions since the two 

I areas- are iess th~n 100 miles apa.::.. .. t. ana. are at. simi.iar latitudes •. 

I · · Their records pol"tray the. periglacial conditions. which ~ist and also 

I 
.. ~ 

provide some indication of the ma.gnit_udo and frequency of diverse 
. . . - -- - . -

clirriatic ever1ts which are of· significance in this study •. 

I 

- 1-

i 

I 

I 
.[ 

I 

Select precipitat_ion and tempera.tui•e data for Resolute :82.y 

over. the 1957 tQ 1967. period _has been used in pol'tl:>a.nng. gen~ral 

climatic conditions_ (Appendi,x_ l}. _ . l''.l~a.n anni,ia~ prec:i.pitation for this 

period reaches 4. 8 incheR ,. a fig-.ire indicative of the virtual 

"desert" conditions existing in- the area.- July has the highest mean 

monthly precipitation, a :maagre-1.04- inches; while August., Septetn,l:;er 

and- October· follow in. order.as. the. next wettef!t.monttis. _Prectpi.ta~:i..on 

does not exceed 1 :lnch jn ~ny of the latter three months of the year· • 



Moan air tempers.tures calculated for the period 1957· to 1967 

at Re~olute indicate that si.unmeJ:- months a1·e cool, with the 376 F mean 

recorded for July ranking as the highest mean monthly temparature. 

Maximum temperatures, however, often reach 50°F in mid-July. Menn 

temperatures are below o°F for ·six months of the year ar.d. below 32°F 

for ten months out of twelve. · Daily temperatures first beg1:n to 

climb above the freezing ~..ark in June• Temperature data for a cne• 

week· peri!.xi in October of 1969 has also been collected and seems to 

conform to the general pattern of the Resolute climatic data 

(Appendix I· (2)). 

· Wind de ta is of :i..mportsnce tlue to its effects upon wa·ve 

activity and sea-ice movements in Radstock Bay. Again, wind data for 

Resolute Bay can be used to approxill1ate the study area-conditions, as 

seen by Appendix I (2). ·Tholilpson' s (1967) summary of wind. data at 

Resolute· from 1951 to 1960 suggests that prc.valent wi11d dil~ection is 

northwest for eleve1·l months of every year. In the summer of 1969, 

Resolute data indicates thnt winds blew from the east-to-south 

quarter over the remainirJg monthly period July 21 to August 23; while 

in 1970 predominant wir.d direction was northwest. In connection with 

wind data, two periods are singled out for their relevance to this 
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study. 'l'hese are ,,Tu:!.y 25-28 and .August 11-13, both in 1969. These were 

periods -of continuous southeaster lies which gusted to 20 m.-p. h. in the 

former and to l~2 m.p.h. in the latter case; and when coupled with the 

right water and sea-ice conditions these periods of wind gre~tly 

- influenced the _form- of debris slopes a.long the Cape Liddon coastline. 

1 (J). Geomorphic E:mriro~~ 
' . 

Devon Island has been describi:.-<l. as one of the few active 
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periglacial areas which rnost .clearly il'1dicate_ .. the interacti.on of 

glaciation, ·frost action, fluvial action and marine processes_ 

(E. F. Roots in Fortier et al, 196 3). There are five general land form 

units within the study area, and this .particular se-ction attempts to 

place them wj.thin the frame of l'eference described above. These units 

are the plateau,· the cliff and debris slope-zone, the relict beach 

zone, the active beach zone, and a small lowland ~rea. 

The platea.u reflects most clearly the. presence of the. Barrow 

Surface (III, (1)). · Iri the study arGa · it. dips westwartl ·at a slight 

1 angle; is elli.ptical :ln shape, and -reaches heights of 350 ·metres. 
I 

The 

I . plateau is interpreted as a relict fe~.ture which has been uplifted and 

subsequently dissecte.:i, ·and is characterized by a relatively featureless 

top s:urface which is covered by a drift-like material termed i•rubble" 

(Bird, .1967). The rubble is. composed of fine silt or clay, 

approxi.Ir.r.at.ely one met.re thick,· and .contains· b.11estone particles and 

err;a tic :rock fragments (Bird, 1967). The surface is ma.inly vegetation-

f1•ee except in poorl:r 4rain¢ s~ctiC1ns whare mossos delimit stone 

stripes and pools of water. Elsewhere, pa.tterned·ground nets and 

polygons as well a.s fel.senmeer have developed on the exposed surface. 

The plat00:u ends. abruptly on all sides and grad.es do~m steeply to 

enta~ the n~t land.scape unit, the cliff an;l _d~b:rj.~- ,$l_cpe zone. 

Cliffs occurring_ ~t the· plateau edge are either t .• "'1.ose :which. 

form.the present coastline of the area o~ those which.~ere coastal 
.. . -

cliffs . in· the· past but are now elevatecLwelLabove marino acti9n an:\ 

ar.e debris-.cov.erad. •.. Many of_ the latter display r.iar.ine trim l:j.nes 

near base. or hav~ mar:i.ne :t;.erraces developed below them. A . reg-..uar. 

· ! · continurunc of debrii> · ~lopes is found below both tY}X}S of c:;liff, . ar.d 
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these are cc;mposed of l:lmestone fragments derived from weathering of 

the cliff-faces themselves. Slopa form ranges f~oru corr~exity through 

reotilinea.rity to concavity and the angles are generally steep. The 

amount of exposed cliff-face varies with degree of slope maturity, 

being quite extensive along the coast but almost negligible on the 

more northe1•ly edge~ The cliff-face _is likely rat.re.a.ting by the 

process of par·allel backwearing, where t.he debris slope reflects the 

angle of the underlying rC1ck slope (Bird, 196?). 

The relict beach zone serves ~s a. bu:f'f er between the cliff and 

debris slope areas of the qoastline and the sea. During de-glaciation, 

a transgr~ssive sea covered the area as the ice front first retreated.; 

but when the J.And began to rebound, a sequence of beaches was deposit.eel. 

The present raised beaches ~a.ire :individual heights of 1 to 5 metres, 
. 

but collectively form a continuous zone which in places extends a.s 

nmch a.3 90 metres e.bove present sea-level. Tt.e width of the relict 

zone varies, being generally absent from the Cape Lid.don headlar.id area 

but gradually 1d.den:i.ng i'!l a north 2.nd west direct:i.on as the plateau 

trends inla.nd. This zone reflects the complex depositional processes 

to which it. ha.s been subjected. 

The ir.odern beach zo:ne in Radstock Bay has been studied by 

Owens (1968) , and Owens and McCam1 (:J. 970) who st.?-ess both the 

important but negative role oE ice and the role of storm we.ves. It is 

the energetic storm.waves which produce the beach zone's.ma.in 

characteristics of a steep beach-face slope and a High Wat.er Mark 

ridge. 'l'he beach material is composed primarily of pebble·~sized· 

gravels'i while ssnd is geners.lly absent. . Longshore transport of 

material occurs in a south ... to-north direction a.long Radstock Bay1 



and it is believi:;d that Cape Liddon provides the majority of-the 

transportod se.dil11ent (OWaus, 196i-f~ii:,iif'l!.,~rmal wave action is lirtli~ecl to 

. eight weeks of the year, and the zorJe over which' it can act is very 

narrow; so that one would conclude wave action to be currently riot· 

of any great importance. 

Of the landscape u."lits, the last is an extensive lo1~land area 

which lies between Ga.scoYiie Inlet and Radstock Bay south of Caswall 

Tower.- This narro111 stretch· of lowlar;d con.."'lects wlth an ·ancient, rock 
-

bench ~ther north -:-rhich runs east-w9_st from Erebus Bay to Radstock 

Bay (E.F •. Roots :in Fortier et al, 1963). The whole-·a:r.e.:i is similar 

in appearance, and forms the only e."'Ctens:hre lowland area· on the south 

side of Devon Island. Covered with marine deposits and plateau- --

derived materials- (both of-which have been frequently soliflucted); 

much of the lowland is vegetated. Patterned ground features, bcith 

-- vegeta tcd tlnd bn!'1•en 1 are widespread. Thera :1.t: an 2 bundance of peat · 

and grasses in the depresse::l a.reas, and soil development here is in 

its initial stages. 

To complete the pattern depicted by the fi:ve landscape unj_ts, 

attention is turned to tv10 elements which are eh~racteristic to all 
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·of them. - These a.re ·the presence of surface d:r.9.ina.ge arid of mechanice.l 

weathering. Surface drainage is generally dis-or~ctn1.ze:d s a;i1d tho only 

exceptions are the fow la:rge streams which occurn·-derip v ... srui,ped· 

valleys and flow into the sea.. These streav1s ·a.re i."1 flood 021ly during 

the late june peak melt periOd., ar.d those which do not later dry up 

completely expe1·ience reduced volumes of fiar..: :for most o-L the surr1D1.er 

period., The !-f;land plataau a.:r·ea also pi-ovides a gr0at deal of · 

moistux-e to the lowlan:l~ 



Here, .streams cascade over the plateau edge at Se"~eral locations, 

disappear beneath debris slopes a~"'K~loge at the b~se to mear.der 

·down towards the lakes and ponds of the lowland.. These lakes ar.d 

ponds are extremely s'.b.allow and drainage of t.heir waters into 

Gascoyne Irilet is·a. slow ~ocess. In ear-ly July the results· of the 

peak melt period, coupled with a continuous melting of permafrost and 
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snowpatches, causes a complete satm•ation of the active zone-of the 

ground. In the coastal cliffs several waterfalls occupy gullies in 

the rockwall, but the wate1~ tends to dis$ipate upon reaching the beach 

gravels and does no significant erosional work in the beach zone. 

With the exception cf ·the active beach zone, mechanical 

· weathering appears to be the dominant process in rock erosion and 

disi.~tegration in each of the landscape units. This process depends 

upon cliraate and lithology, both of which are optimu.111 for the area. 

Mechar.dcal weathe1•il1g involves stresses genera.tad ·within the rock· by 

the g1•owth of ice .or salt crystals, by temperature changes, wetting 

and d1'"j7i.ng, and by o~ganic act5.vi t.y (King, 1968). Several of these 

stresses may act in unison. Frost-riving is accept.ed a.s the :major 

form of mechanical weathering in a periglacis.l climate. Moisture has 

an important role fo1' it is the med:i.u.in which enters the rock along 

joints, pora spaces and fractm. .. es to exert p1~essure upon frae~:ing in 

a closed- system .within a: ?"ock mass.- Taber (1918) has shown that the 

growth of ice ccystals in freezing has a disruptive effect on a rocl<: 

raass, for ice crystals exert pressure in the direction of growth. 

G1•owt,h is more easily fa.oi.l:i..tated ir1 the porous, relatively permeable 

fine-grained: i~ocks; and sed:hnenta17 rocks, which exhibit nu.-narous 

bedding planes are knc.wn to shatte1· quickly. 



Bird (1967) estimates that ·the thin-bedded Palaeozoic B.mestones can 

shatter to a. depth of "-15 cm in l1Jss· than 1000· yea1's. The rock 

initially shatters_ as .angular plate~ and blocks. whose size is largely . 

determned by the density of vertical jointing and the distance between 

bedding planes (King, i968). · · 

Cli..1'118.tic inforri'.a.tio~ has ofteri been used to assess the relative · 

illtensity of mechanical weathering by the calculs.tion or the nurn~er 

·.·or f'reeze.;.tha:w cycles •. It is ltnown=·that the· 11um:ber of temperature-

fl-q.ctua~ions acr~ss th~ fraezing point is lower in the Arctic __ 

Archipelago than in southern Canada; and· consequently the · 011ce ·widely..;. · 

held belief that such fluctuations e.cc.ount. for the prevailing intensity 

of mechanical weatheri~g in the Arctic is unfou."lded (Cook & Raiche, 

1960). 

Raised beach material lllaY ba aff'ected. by chemical weatheri11g, 

although ·-it is regarded as an insignificant procees· in the High Arctic. · 

Some pebbles are faceted by solution on top am· covered vrith a 

travertine deposit on their undersides c~~ens, 1968). Oxidation of 

l'a.:is6d beach d.ei>osits ·rri.ay occur, and _samples nea:r ·casw"all Tower sho~rerl 

2)% iron oxide and 22~ alumimua cr ... d.de by weight. Chemical weathering, 

· however, seeres restricted to the beach 21ones- -a~d its effects alse-

The active beach r.one is rega1-ded as being aff'ected by neither 

frost-riving nor che1aical ·weathering. ·Beach pebbles a.:r·e protected by 

shore.fast ice for ten :moriths ·of' each yeai~, while d:uring the open-wste:r 

period they are protectoo by t~e medium of water.- Physical abrasion 

of the beach material thl'ou.gh its longshore-r.::ovements is likely the. 

' 
only significant proces:; of weathering in the.active beach ~one. 



(4) Selected Loca1.q.~ 

. With.in the general s~ttinf$. t,:;\ve,. specific locales were 

~estigated; _and althoug~ a- nu:m]Jer of differe~:t- distingui~hing 

criteria-were considered, the following slope groupings-by area.were 

devised:-

(a) Caswall Tower te.lus sheets and talus cones -

(b) Northeast .inland plateau talus cones and scree slopes 

(c.) Cs,pi;i Liddon talus cones and· talus ·Sheets 

(d) Cape Ricketts t.al1.1s· c<">nes ~nd talus sheets. 
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-.The fi-rst locale described ·is Caswall Tower, a-circula:r-shapoo 

plateau rerr:nant compo~ed of horizontally-bedded- Read Bay limestones. 

The Tower1-rises 196 metres and on its steepest side lies adjacent to 
- -

the modern beach. Fonrrl.ng a continuum with the Tower edge are two -

elevated g:i:·avel beach ridges whfoh taper off i.'11 two directions, one 

: ;inland to the west· and the other north aloy.f; t!is coastline (fig. 6). 

On the Tcwer~s western side~ betwe'=!n the two rMgcs, i!: foun::l a well-

developed talus sheet formation which grades laterally- nort.hwa1'rl into 

- coalescent cones. Mov·ing eastward the type of slope alternates between 

talus sheets and. talus cones developed below a well-dissected and 

increasingly steepen:ing cliff-face. The eastsrnlllost edge.of the 

Tower is also its s9awardn1ost secto1•, and slopes here are separated 

from the sea at high tide by.only a few metres of beach front. The 

active beach widens i."l both northe1'l1 and southern -directions f and 

couple::l with the gradual appearance or a relict beach zone it pro'ltides 

increasing prote·~tion from ice-push and st.orm-wave activity. The 

majority of th13 debris on the protected a.nd_unaffected sl.opes _on all 

sjdes of the Touar a.re coloni.zed by lichen, which suggests tha. t 
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Figu't'a 6 

Gecnorphic map of Caswall Tower 

and location of investigated slopes. · 
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mechanical weathering· is not now as intense as it had bee:n in the past 

when the majority of the blocks were broken froin ·the cliff-face. Seven 

slopes _were selected in- the Ca-f!"Ta.11.Towel' locale·-f.or intensive study. 

The second locale studied is a section of the debris slopes 

which lies along the nort~eastei:n edge of t.he :major platea.u, The slopes. 

here grade ·do~m from the Inland plateau onto a wide depressipn which is 

floored by ancd.ent lagoonal deposits (fig. 7) •. A wide band of resistant 

dolomitic limestone is·visible mid-way up the debris-coverOO. rock face; 

and though ~f limited lateral extent the· frel!luent guller-ng of this 

Outcrop hB.s given riS9 to the SE:Veral huge taius COn~S .. f our.<l beneath• 

These cones are·· characterist:i.caJ.1Y gullied by melt.Water channels and 

display lobate "flow" fe.'\tures in association with them. The majority 

of the slopes are scree slopes extending f'ro1n the valley floor to the 

plateau top. Four slopes were considered for study in. this locale. 

Thecth:hd locale :investiga.ted is the Cape Liddon coa.st.Rl zcne, 

the site of many activeJ.y developing debris slopes (fig. 8). The six 

slopes considei•ed l:i.e along the southeastern and southwestern 

extremities of the Cape, below a well-dissected cliff'-face 200 to JOO 

metres in heightc Both talus cones and talus sheets are found here. 

Individual cones do not appear to have coales.cant ·aprons but rather 

are separ~ted by distinctive sheets.of debris accunrJlat~~ from the 

ove~J..yi.ng cliff'-i'ac.e. Some slopes are developed over wave-cu.-t rock 

platfonus whose seaward· edges often jut out slightly froni beneath 

slope bases. Jlt high _tide ·only a few raetres of gravel beach 

se~.rate ths foot of thl'J · sl,,pes from the eroding eff P.cts of wave 

action. The Cape Lid.don slopes face south a:o:l southeast· in the 

direction of longest w:;;:\re fetch, a situation v<hich :L"l. -times of strong 



Figure 7 

Geomorphic '!na:p of the Inla~J.d plateau edge 

and locat:i.on of in;restigated slopes. 
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Figure 8 

Geomorphic w..ap of Cape Liddon 

and location nf investigated slopes. 
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soil.the1"ly winds couploo with operi•wat<3r r~ondit.icms may leave them pron& 

to attack by ice and wave abrasion. 

The final locale selected for study is the cliff ar..d. debris 
- .. .. 

slope zone of Cape Ricketts (fig. 9). Slopes here are both talus 

sheets and cones which together exte:rd. continuously from south to 

north along the pla.teau edge. The slopes are protected frorq marine 

action b-3 a s~ries of well-defined marine terraces, a solifluction 

"terrace am a liiO.e· expanse of ·raised -beacheis. behirid the :rnOdern beach 

zone •. The.width of this protective forelani decreases towards the 

n"arth. and Gasco~e Inlet. Plateau height aiid amourit of exposed. free-

face similarly decrease from ·south to north, and the ·northerly slopes 

appea~ to have over-ridden the once-protective marine and solifluction 

terraces. The slopes themselves are vegetation-free, but have been 

influenced by the meltwater from snow.and small pools of water on the 

plateau su.rface which ru.ns do~-m the well-<l.issec-te<l cliff-face. · 

Meltwa.ter gullies ar.d lobate "flow"- structures e.re present on most 

slope surfaces. ·Ten slopes were studied in this . locale arrl an 

imrestigat:'Lon w..ade of sei;eral of the "flow" featUl"es. 



Figure 9 

Geomorphio m9.p of Cape Ricketts 

an1 location of inv~stigated ~lopes. 
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DATA COL~CTipN AND ANALlSJE. 

(1) Slope Profiles 

Various methods of slope surveying are available, each with its 

own advantages; but whatever method is selecte.d it limst be used 

according to so:me ma.rmer of procedure which is su.ndardized. for all 

slopes a!l"Jd which can be adapted to a great variety of slope conditions. 

A tacheometric method wMe:h employs the Wild T2 theodolite and a·· 

survey staff was chosen as the means of surveying debris slopes on 

southwest. Devon Island. Other ·workers have reso1~ted. to a simpler 

compass atrl altimeter survey (Crompton 1 1968 ; Stock, 1 968 ; for example) , 

which io rrn.1ch less accurate than the tacheometric survey; but ::Lt has 

the advantage of increasing the time saved on each surv·ey. Since it c8.:n 

fi:X the location of points in thre•:iQdirnensior,al space, the theodolite 

is a mU.ch-more versatiJ.e instrUtnent tn survey work. 

The t.a.cheo:m.atric s1xrvey method was use:i in a. manner desj_gned 

to reco:xtl irregu]Arities and changes :in fl1rm :i.n an upslope dh·<:iction. 

The theodolite was stationed mo:re or· less in front of the slop-3 base, 

although its exact positio!l varied because of the :r-a.nge of diff:i.c11lties 

encountered :in findil1g suit..!lbl,e sites. For each slope t.wo p1•oi'iles 

Were . S\lr'Teyed· · from bas a to . top to ·represent .the rlg}lt and ).eft. sides 

or the ·slope. Prof:D.e _lin~s were surveyed parallel t.o ea.1.~h other whe:n 

a debris sh9et was encou..--i.tered s while f 01• conical slopes tha li.."1es · 

converged together as they a ppro~.cht:.-cl the slope top. 

39 



40 
. . . 

The major }xroblem faced was the inability on un.sta.ble slopes t.o 

establish or :rri.aintain survey stations higher up on tho slope surfaces, 

a. situation resulting from the predominance o:r :fine-sized debris and/or . : . . .· 

the shallow depth of the permafrost table beneath these surfaces. On 

very steep slopes a minor difficulty arose from the inal>ility to read 
.. 

the staff wher1 it was positioned near the top of the slopes. This 

problem was remedied. by tilting the staff' in a downslope direction, 

which mintains the validity of the sl.ll'Vey readings and by special 
. - . . -

calculation enables the co!'rect height and distance values to be 

obtained~ As regards the -pl:-obleni of :instability, the only re1nedy 

was to-survey as much cf the slope as possible. On ver-.f long slopes 

the image of the staff did not always exterid across all three 

telescopic _stadia of the theodcltte 1 an:1. so the profile line was. 

discontinued. It would have beon -possible to continue the profile. by 

re-sta:tionil•g the ir1strum&nt i1pslopst but it wc-;s beJ.:t13voo. that the 

.existing profiles adequately represented the areas of greatest. 

morphological variation. 

Taeheometric su_"'Vey data is converted · ir.to values which are 

used to reconstruct the slope form as a series of · st.raight·~line 

segments. The segr.ier1ts ai•e linked. at each fiald-salected Sur'v·sy 

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

the profile. P-.cofile analysis took place according to a method used 

by Stock (1968) w11ich pr0vides descrj.ption, comp;.rison and r~nk of 

. slope form in t~rms of the. d.egr~e of conformity to a.:n icl.Ha1ized slope 

fo~. This initial as;;nunption for analysis st2.t.es that where 

structural control arid the va1•ious slope processes are ·iiiorerative, 

and where free-fall of weathered rock debrls from a cliff-face ~bovc 
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. occurs, the debris slope prof1le1 awroaches a straight line (Stock, 

1968). The degree of ·deviation _from this form then infers differel:ttial 

rates of a process or the presence of differing· process.es-•. The methaj 

is essentially an areal analysis of profiles consisting entirely of 

straight-line segments. Slope 11 C0Iilponents" (convex or concave 

portions) are deli.Iiiited a11d used to calculate indl.ces of co1wexity and 

concavity for the whole profile. ·standardization of slope length is 

usetui for .purposes of cor.;.parisori •. From these ind.ices a sum and a 

r~tio of :indices are derived f and the profile is classified-· according 

to these terms as·one·o:r six types:-

(a) concave 

(b)- concave with miiior convexity 

(.c) straight 

(d) convexo-concave (equal) 

(e) ·convex with minor concavity 

(f) convex •. 

Stock (1968) warns that.this method of analysis is 
. . . - . _: - . . . 

inefficient :in that it is j11sensitive-·to the localized changes which···· 

· may take place- on a slope. ·· On the other hand the· system· allows 

comparison of slo-pe f'orm or1 a· oua.ntitative basis, and ·l-rith the use ·of . . . . . . . . . . . - . 

dim.ensionless values· a raeasure o:t the relative sigiiificance of slope 

form can be ma.de. The southwest Devon slope profiles were placed 

-witli.iri-"the various categ~;ies !!nd. ra"~k~ ac~~:rdingly (t8.°ble 1 }~ The 

prof'~Lles. fo:r slopes u~eci_. i.'111 this study a::re shown grouped ·_by_ ~ocality 

in Appendix II (1-). 

An application of Yo~mg' s (1961.~) approach to profile form 



. TABLE 1 

Classii'ica.tio11 of debris 'slope profiles ranked in <):rder of increasing concavity •. 

PROFILE NO. DOM!NANT }!EAN INDEX Qlt"' INDEX OF SUM• RATIO FORM 
PROCESS ANGLE CONCAVITY. CONVEXITY 

CAS6 (2) li.W 33.60 .0203 .0162 .0365 .8003· 4 
CAS5 (1) m·r J.).8.3 .0241 .0080 .0321 .3333 J 
CAS) (2) BR. 37.02 .• 0261 .0298 .0559. 1.142'7 4 
CAS4 (2) R y.i-.23 • f_,~0412 .oa .04-12 .oo 2 
CAS:L (~) R 32.10 '.0444 .0737 .1181 1.6584 5 
CAS2 (1' R 33.32 ·.o~-~55 .0145 .0600 • 3182 3 J. ) 

CAS2 (2) R JJ.94 ~ Ol.J.82 .0197 .0679 .4086. 3 
CAS3 (1) BR '.36~72 .0537 .02'/8 .0815 .5179 3 
CAS1 (1) R 33~02 .0617 .0837 .1)}.54 1.357 5 ·''" 

CAS6 (:!.) RW 34.43 ~0661 .0058 .0719 .0883 2· 
CAS5 (2) 'RW JJ. L~O .0698 .0116 • 081LJ· .1665 . '3 
CP.S7 (1) EH ·~0 , 5 ,,. • e {") .0719 .0273 ·.0992 .3792 3 
CAS4 (1) R 32.73 .1017 .bb .1OJ.7 .oo " t:. 

.. CAS7 (2) ru·T 31.68 ·.2567 .0135 .• 2702 .0526 2 

CL1 (1) R 36.23 .0001 .0032 .0033 28.7273 1 ... 
CD2 (1) R 3s.22 ~0008 .• 0004 .• 0012 .5000 1 
cIJ+ (t) R 34.00 .0032 .oo .0032 .oo 1 
cr.,5 (1) ·P..W )8.)0 ·~ 0:1.13 • 0056 .0169 .4995 '1 
CL1 (2) R 37.02 ~0203 .0144 ,OJ!~? .• 7082 3 
CLJ (1 ' _, ·R 36.12 .0608 .0032 • 061;.0 .0526 2 
GL6 (1) BR 39,97 .0699 .6631 .7330 9.4778 3 
CI):~ (2) R 37,00 .0722 • 0168 ,0890' .2323 6 

;;:-
r··.) 
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Table ,1 Continued~ 

PROFILE Nq. -· . DOMINANT · MEA~r . DIDEX OF INDEX ·oF SUM.' : RATIO FORM 
PROCESS ANGLE CONCAVITY CONVEXITY· 

I .. 
c13' (2) R :3_5.42 ,0841 .0302 .1143 .3595 2 
CL2 (2) I BR j7.oo .. ~0857 . • 0031 .0888 .0364 5 . 
CL5 (2) RW .· 36. 93 .1225 .0168 ;1493' .01J8 2 
CL6 (2) BR 39.33 "•2373 .5657 ~SOJO :2. 3838 3 

•j . 

, . 
.. 

IN1 (1) R 33.50 .• 0358 ! ,Qj,19 .0477 .3334 3 
IN1 (2) R . 33.22 ' .p592 • 0072 ;.0664 .1218 2 . 
IN4 (l) ·R 31 •7.5 ~0742 : .oo .0742 .oo 2 
INl~ (2) R 31.68 ~0905 . ,.0075 ~0980 .0834 2 
IN3 {1) RW "22.53 .1559 .0024 .15$3 .0154 2: 
IN:3 (~) RW 2:t.92 .2051 ' .0006 .2057 ·• OOJ.1 2 ., 
IN2· (:tJ RW' ' 19~78 .~094 .• 0083 ~21?7 .0396 . 2' 
IN2. (2) .. RW .19'.75 :. .2211 .0094 ~2305 .04~7 2. . 

RKz (2) 'R 33.40 .0227 .• 0107 .~0334 .4703 ) 
RK4 (2) 'R ;3.65 ·. ~0)14 .• 0085 ·.0399 .2722 J 
RJ(l-t- (1) R . 33,60 .0474 . • 0035 .. 0509 .0730 ·2 
RK3 (I!) RW. . 26.$5 . ~.0474 .0148 ·'.0622. .J~24 ~ 

~0601 
,,, 

R,.'l\10 ( 2) R J4.12 .0509 '.0092 .1799 :; 
RK2 (1) R 32.90 .0520 .0065 .0:585 .1249 :2 
RK7 (1) RW. : 25. 9.5 .-0550 .0159 .0709 .2895 . :3 
RK6 (1) R : 30.18 .0.588 .• oo .• 0588 .oo 2 
RK9 (2) R 32.08 . .0657 ,.0032 •.0689 .·oti.93 .2 
RK10(1) R 34.90 .0664 .0091 .0755 .1369 .. 3 
RK9 (1) I 

R 31.90 : .r:J677 .001~ .0721 .0657 2 
RK8 (?) ™ 29.33 .o691.J. .oo ·.0694 .oo 2 

s 



Table 1 Conti..Ylued i 

PROFILE NO. DOMINAl\TT MEAN INDEX OF INDEX OF SUM RATIO FORM 
PROCESS ANGLE CONCAVITY. COW!EXITY 

RK5 (2) R JZ.06 • 0712 .0159 .0871 .2241 3 
RK5 (1) R 31.85 .0775 .021-14 .101.9 .3177 J :• 
RK8 (1) RW 29•60 .08J8 I .0013 .0851 .0157 2· 
RKJ (1) RW 31.70 .0885 .0134 .1019 .1515 ) 
RK1 (1) R 31.72 .0906 .0115 .1021 .• 1266 3 
RK1 (2) ~ . 311170 .0950 ~0023 .0973 .0238 2 
RK6 (2) R 30d0 .1389. .0272 .1661 .1959 3 

.. RK'7 (2) WIT . 24·.68 .2319 .0628 .• 2947 ;z708 3 

Profiles ranked in order o~ increasing concavity f?r each locale~ · 

,• 

Key: to Forms 1: Straight 

2s Concave 

.. 3t Concave, minor convexity 
" • . . t 

' 

.5 t Convex, minor concavity· 

61 Convex 
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.. ana.lysi;:P v:as a ttemp~ed but met with no mw-cn_s~ 'bep·a~s~. it requires 

both straight and curved slopa s~iztors· ·of w!1ich only the ciw11ecl may be 

convex or concave. Stock's method is for straight-line segments only . . . . . . .. · .• . 

. and thus was· the .only methcd of analysis applicable to the· southwest"·. 

Devon profi.les. 

One should realize the limitations of .slope profiles, since. 

the most that two representative profiles c::1n offer is s. v_ery small 

in1press:i;on ~-f . the . ov:erall .. ~lope form. . Sl~pe form var.ies · gr.~atiy both. 

ove.r time and sps.ce, and one· :n~st· be ·wary of ·over-t.heo:rizi.ng when-

·usir1g straight-line profiles ·to.· interpret the ev.ents occUPPing -over-

the. whole_ ~lope surface (Jahn, 19686) .•. Much of the interpretation 

d.erived: from southwest ·Deyon- Island· slope prof; les ·· :fu. s fortunately 

·been verified by observation s:LY\ce the area i~ one ··in ·which variou8 

slopa-:forming s.nd modifying processes are still actively occurrins. 

A point sampling method was established in conjunction with 

the survey lines in such a. way tha:(. reach . slope -itrould. bA represented in . 

surface characterist:1.cs by six sample sites of 50 ·stones each (fig. 10). 

To· ·racil] ta te ·e:omoarisons between· sectors of a slon9 and ·to ·pi,o7ide . . . . . -

some regula:i:·ity ir1 selection of sample sites, each slope was dtvidoo 

arbitrarily in the field into. upper'. middle and ru\se.l zones J ba.sed 

The Sl>:!"".rcy lines 't~hich ua!·e run through 

. each Z5>nq thf.m ~llow thrc!? points .to be selected along each line. The 

two survey liiies then became· sampl& li11es fl'Oln which two Nipresentative 

samples of 50 stones each could be drawn f:rom·eve'!"y,slope zone • 
... - - . . . . - . . 

The s.s.r:1pl:iJ1g of only six points is justified b-J the sev-e1·e 
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limite.tions fupcsed by time ~arrT-.the. large number-of slopes to oo· . 

covered •. The selection of' ·300 stones by individual sample sizes of 

5o·to·represent the total population ot debris on the ·slope is 

justified in terms of not only time but also of statistical power 

analysis l-Thich attests to the adequacy of. this sample siz0 ;f;or correct -
. . . 

decision-lllakir1g in statistical analysis, (Cohen,· 1969)• The division 

of a slope into three zones was desirable for reasons which include 

the ease with which such an arrangement facilitates comparison of 

various areas on slopes o:f' d_iffe:ring dimensions. ·It also elindnates 

the task of devis]ng· a· sampling g:.."'id for each separate slopa. · A n1o:re 

detailed discussion of ths sampling procedures and their. feasibil1ty 

will be found in Appendiic III. 

The system adopted x-equ:lred. that for each· site a. r.letre-squP..1~e 

grid frame was placed over the surface with two of its four sides 

parallel to the gene:i:·c.l downslope direction. The fra.ine was then· .. 

photographed to record the arra11gemer1t of the undisturbed debris (plate 

· 1 ) • From the 81 stones hypothetically available for sampling beneath 

all grid intersections, 50 were removed and the following dimensions 

were measured:- . 

(a) A a.xis: max:i.m:u..m length (mr.1) 

(b) B axiss l-rldth~ niea·su:red at right angles to A (mra) 

(c) C axissth:tckriess (mm) 

(d) rock weight1 measured on Oba.us Hand Balance (gm) 

( e) rock type i one of two major· types (III, (1)). 

The data for orientation of surface debris is derived from 

the ·photographs of the sample grid, acco:i;-ding ·to the method described. 

by Caine {1969). 



In this procedure..- de...,·iatio:n of'. the apparent long axis .of a stone_ -from 

. the 'downslope direc"tion i:; recorded dirt.~ctly into one or "nine 20° 

classes. Vector analysis was employed ·to determine m$~n Cirier.itation . 

dh•ection and strength f 01• each. sample ( Cttr'ray, 1956) ~ The various 

levels of significanc·e of ths orientation samples were determined by 

the Ray:}.eigh test U:'bles in Curray (19.56). A check up0n the validity 

of the phot.ogra.phic method 1 s use on southwest Devon Island was 
. . 

performed, a.nd .is discussed. in· Appendix Ill. · 

Measurement ·~f in:iividual rock fragments provides data which 

can be manipulated to produce several -statistics de·scriptiye of both 

size and shape •. Size pa,!·ametc1~s chosen for use 1.n sedi.."!lent studies . 

have varied freely between the three axes measurements. KL""lg & Buckley 

· · (t96B). f.or instance, tis~ long ~is to d.i:stinguish between size of 

sediment in various depcisit:i.o:nal environments; Crompton (1968) uses 
. . 

interir.P.diate axis fo.r deter.m.:i.nation. or size sort:h1;; O"Te~ slopes; w:hila 

Caine (1967) has derived size by·exp:ress.ing -stone ,volu."lle and a 

correction fa.ct<'r as a nominal d.iantrit.er ::~nd converting it to phi u.nits. 

King & Buckley (1968) also make use of long axis ii1ean o.nd standn!'(l 

deviation to express size sorting values ·in dimensionless ter1us, · 

enabling an a.ssessment of overal1. size differences betwe>.en samples. 

These measures we1•e al). considered in the attempt to determine size 

sorting. trends in. the stud;}~ ar.e.a before lpng. axis mea.surer.1ents ware 

finally sol6cted as the most· suitable size pll~ra.r.ieter (Append~x III) •. 

Another valuable use of axis ineasuren1ents was to cc1:rnpute the 

followi.~g shape parameters:-

. (a) flatness (Cailleux, 19!}5) _:. (a+b/2cf X 100 •. 

(b) sphericity (Krumbein, 19!J.1.):: } (bc)Ta?:'; 
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Figure 10 

-
Sampling grid .employt\d. on 

debris slopes of southwest Devon Island 
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Roundness, generally acknowledg~ a:s a. valuable assessor. ~f varylng 

energy and. process situatiOns 'for mariy depositional en~iiroil.inents, ·is ri6t 

-:relevant· to· primary slope· depo~its: i."'l a. periglacial setting· b~ca.u~e the 

material has not been modified from its frost.:.shatter j.nherited 

angularity. Sphericity provides an· indaie to the equality of rock 

dilnensions and is st!"ongly as.sociated with lithological fac~~rs -s'Ltch ~s 

width of 'beds, number of planes of weal<ness 1 and. the density an:i spa.cing­

of -·joint 0patt~~ns. ·. Both· flatness_ and· spherici.ty __ prov id~ a good measUl"e 
..... ~ ........... ~:,.,( ... 

01' the variability o.f\~.oqk sha:pe and tend to be inversely propot·tional 
.. . ---.,.., . . . .. . . .. .. . ··-

to each other -(King & Buckley,.. 1968). Another method of determin~~// 

shape, that provided by Zingg's shape. categories (Krumbein, 1941), was 

employed for purposes of visual· compa~ison ·of the slope samples,· 

·The· recordi11g of rock t,ype enabled· c.omputation of the percer..tage 

of occurrence of each type over the slope i."'l the hope of relating thj_s 

.variable to ar.y :noti~eable chi;tnges in debri.a .. sl.ape .. 

- · · -- - .. _. - · Using the _da-ta inputs of axis measurements, -rock weight and. type 

for each rock, a ccmputer progra!l1 was de,risoo. to calculate the desired 

size·:a.nd. shape parameters and their mi:ian, star..d~rcl dev:i.a.ticn, skewness 

and kurtosis. When _testecf.aga.iilst the critical va.11.ies provided in· Jones · 

... (1-969), skewness: and kurtosis values pr·o•re reagily. available. for 

- . instant.aneous .. assessrnent .. of .the normality of :?Qpu1~tion d],st:t•ibutio:--is. 

from ·which the. sa.mple.s ar'3 dr~.:i,;m •. 

Having ·met the tisstunptions of norin.al:lty -and homo~·cedas·ticity, ... 

· data becomes ·subject· to- ·treatment by pat>ametric sta.tisti~ ~"am· fvr sbe 

arrl · shapef a two-way ari..alysis of va.rianee (ANOV:A) with ·-a ,2x3 factorial 

design was. established to test for ~s.ic patterns. of arrange1nent. 



. This design required the.use of all six sample,;,; of 50 st.onos-f':rom a 
.. ". 

slope in an attempt to :e.xplain·variance in terms of two main sourcos, 

namely zonal {upslope) and lateral (cross-slope) _!3om·ces. The 

remaining· variance; termed error v-ari:ance ·j.n this test·, refers to 

variation that occ.urs between ro~k debris fragnier1ts. When a 

signific~nt (-at a spec-ified 10".rel) test. statistic_ (F) is. calculatOO. 

. tor any given effEJct. a specific arrangement. of the dependent variable 

($ize or sha-per :ts implied which requires_ that consideratio~ be given 

to some observed process or e-ll'ent wt-.:tc!1 h<;.s created that particula1..: 

· a.rrartgement. - .. · 

Conversely, if test st.atist1.cs C8lculated for both effects E'..l"e 

not at a. sigi-dficant value, it represents the fact that these effectl'r 

are not· significantly gre.ater than -!;1!"1:.01, ·variance •. The:refore. 

variation is greatest between rock fragments and the dependent 
. 

variablEi is .~o.mogeneous. on t.hat slope. since it show_:s no s.zstematic 

arrangement over its surface. 

When :more thr...n ,,ne non-a1•ror t>Ol.U.'ce of V3.l1:iation is ~.rcellE-d 

out, it becomes desirable to know the degree of .relationship that 
. . -

each one share~ with the deperrlent var:lables The calculation of eta 

(n), the correlA.tion ratio, prwides ii. relationship (rho) stat.istj_c 

which is valued not. <1:nly for comparisons of sc1tr·ces ·wii:.hir1 a t~e-st. 5 

but between them as we.11{Cohen,1965),_ Eta. is the deg.reeof 
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. correlation between the. designated. effect and ·the ,dependent v~rit>.~lc. 

Eta.2 :i;s s:hniiarly valuable not onl.v as an estimate of var:i...ance wh1.ch 

can be. predicted by. a som:·ce, but as a :·epresentati(m of the 

proportion of non-error. variance accounta-l for by that· source. Ii'o!" · 

these reasons• et;:i. was ~alculated for all test ~tatistics d13:::·ivcd 



f'l"om ::i .. na.lysis-of-varfa:nce· of size ar..<l shape data. 

... _ .. ;;. -
Various samp113s were collected fr·om th~ sl_opes which we:i.·e 

related not to the studies of slo~debris characteristics but-to 

prpcess ef'fects. At the necks of se:verai Cape L:iddon.slopes, samples 

. were taken in i 969 of t}:ie surf~ce. ll)ateria1 which. is derived . by 

wea.t.hering of thin-bedded rock in the free-face.above. In the pretha.w 

period Of June, 1969, a. collection was made .of· the fi.'le:..sized _debris. 

foundoverly:tng snow and beach-fast ice beneath these same coast.al 

slopes. Samples wo1•e nnal:-J~ed fo:c sediment size characteristics and 

the results compared by both vis:Uiil ··a.na ·irtat:istical r.1ethods~ In 

addition I samples from. the nia.teria:l which ~cmposes the many debris 

. lot?es, on _:ti?~ Cap~ Rick,et~s slqpes. ~ere ta.ken ~ncl analyz~. j,n the sawe 

fashion to determine the basic size characteristics .• ' 

Finally1 an attempt was made over the.1.970.field see.son to 

slopes. Met:L·e-square polythene· plastic sheets we:rt:: anc'h0red. at si"{ 

points i.'r! the upper, midti.le ~nd b~se.1 zr:nes of each slope in order to 

obtain some ·idea .of-the volmns-and rate .,Q-f' a.ccum.ulatien by :reekfall 

in this period. The contents of each cateh.llu:mt area:, where. a"J':i:iJ.ab1e > 

were Tr198:SU"t"OO,. weiehed ai1.d identified for la:ter analysis. 

Duri,ng the 1970 field.season a lil!tit~ :number of tracer 

exper~erits ·were conducted . to . Qbtain g€!neral :i.nformatj_on on the. r1a.ture 

or sub-sur-fa.ee meltwater flow--~ debris slopes. Thei' application of 

-such experiments -to .debris. slopes in mid-13.tittid.e 'regions is not· 

easy because of the high -porosity c1·eated °h'J the angularity of 

51 



constituent :material. 'i'ra.cer c..~periments have· not therefore bes:r-; 

included- anywhere in debris slope ,.st1id:tes· to this author's knowledge. 
. ·- -- ""ff.~ '• J.i • 

In cc>ntrast Arctfo debris- slopes .provide the opportunity to. trace 

waterflow beneath the.surface due to the presence of a permafrost 

table which miniri'.izes porosity and acts a·s 8:h impe-r.rlous layer to 

force:.sub-sti.rfac~ meltviater from all- so<.i:rqes to fl~i;..i ab9ve it. Its 

. presence. -at· generally less than 60-_ c1n. below the slope· .surface duri.l'ig 

. the summer enable~; a reasonable tracing of sub-surface raeltwa.ter 

patterns a?J.d rates on.Arctic debris.slopes. 

The tracer tests uere div:lded among three talus cone.s 

selected for their favoi..,1·a.blo dimenslons and. presence of va~ied 

meltwater conditions. Cone T1 (CASS), is )O_ m. long and lies on the 
. . . 

. . ·. 

seaward-facing, e?..stern side ·or:Caswall Tow'er.: -.,1'2· rutl TJ -are ·cones 

or 60 alfd-70 me~~~s i..~ length, re$pectiyeiy, and are situated 

-· approxima-tel..v 1.6kr:t ea.st of Cr .. pe Rickotts·aleng the .south-facing, 

sea.ward edge of ·the major plateau.· ·Ti and· T2 ·are "concave, slightly 

convex" in form; while T]"has a :;t.r·aight-1-::)ngitudinal profile. All 

three are_ character_iz¢ by convex cross-slope. profiles, _and their 

conical shape is delir.rl.t.ed by inter-cone depressiom; which separate 

them frorr1 adjJ.cent cones. Profiles of the thl"ee ti·acer slopes a.:t-e 

f d • • d • ·1·-r ( ') ' oun ·in 1~ppen ix _ _._ i. J. 

Three· basic meltwa.te1• situatio21s were studied in relation to 

their rate and pat.t~rr.:. of flow through t.hese th1•ea simiJ.a,r cones. 

abla.ticm of snowpatehes on the cones, and ·llleltwatet"" derived from an 

abl.?.tir1g permafrost table beneath t:he COnt)S wer:e the three con:iitior1s 

studied .. 

r:.•.• 
~.J.i. ... 



.Slope Tl. was ~tud;i.ed. f9,r its w;;:i.terfall .flow, TJ for. it$ a.plating 

5no~tch, while T2 was used to study-both waterfall, .s:no:r:rPa;tc~ arrl. 

perm..!lfrost meltwater flowage. 

. Five experiments were ·-conducted; throughout the ~period . Jtine 29·: 

. to August 7 • · Wateri)!.ll .and snowpatch 'tracer· tests were :conducted 
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-dur:ing the peak melt-period of early sUl!Dller, while theperma.f'rcst 

meltwater study was postponed U."'litl Augu~t. by which tilf1e_ t~e SUOWf..:l.tch 

. nn:l. waterfall. o!.i- slop!? T2 h~d b6~1~-~~isappear_e,_d~- Ail tests. we.re. _-_ 

conducted· in the early afte1'l1oon on da;}~s in ·which opt:inrum melting 

conditions were available,, ie. cloudless skies-;. +40°F maxir~um diurnal 

. _ t~mperatures, and a. negl:igible wind factor• · . The- tracer ex:per::im_ent.s 

followed "a basic but fle..icible ·procedure which allowa:I adaptation:to 

slope ·width a?d local :relief v~'.r-ia.tions •. A meaSlired' amo\U1t Qf .. _ 

Rhodam:i.n~ BN dye (40~solutiQn). was.applied to the m~st appropriate 

ug~lt~r~t-e_r __ eri~·r.v: J?~irJt i?l th·~ .. uppel:' .. slop'.l -~-one (ei:t.her. &. ~it or· la.teral 

tre~ch, de.per.P.i:ng .on whetlwr th~ meltwa.ter. ;is 4eriyed f_r.om a J-1a:teri'a.J.l . 

or a sriowpa.tch) •.. The till!e_ which e:-~psed befc:re _tjle dye appeared at 

n.nyof the points ll1 a pre-constructed network of pits ·was noted. 

pie_ basic g!¥ syst_~m (~ig~ -11) .. cons~s~.ed of ·a se1•;i_es of_ equs.lly~_spaced 

pi~s excav~ted :L'tlto the. ;;;lope surface; ard each: level 't~as ~puced about 

. . - . - . 

depth·. of the permafrost tabl~ -and· -presence--of any ·type_ of wat.er flo~-r. · 

within it ·was recoJXled . .; . 

The data obta:i.ned \ 0:-e1-e combined. with acd:itio:rial obser-vations 

to derivo tho necessa.i-y ·iri:torn'lR:tion about patte1-n., ?!ate and importance 

of sub-slt"t_'face __ ru..'tloff. as _an ~c~~ve .slope .proc:ess~ . 



Figure 11, 

Basic ~~l.d system employed in 

SUb••SUl"f'ace :runoff experiments on debris s_lopes. 

· .. 

.. · ...... ··. 
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CHAPTERV .,. .. 

SLOPE MORPHOLOGY AND BASAL EROSION · 

(1) The Process 

··:aa.sal erosion-is defined in this study is the .ii.ct Qf any 

· .. Reff):rt?Jlq.f)s . to bas.al e1·vsio:ri .. in the _past hav:e been. :primar.ily Applied to .. 

flwial. undercutting of valley;..:sida siopes. (for exampl~, vlooci,. 1942); . 

but it is khown that 2. different -process, marine ac.tion, can produce·· 

a much more vigorous f?rm of 'basal atta~k ~po~ slopes in a ~l~ffed 
.. 

coastal ·area. Wav!?> one1•gy i~ applied directly onto ·a; c1.'.iaste.l slor;s, 
. . 

while flu.vial energy.is expanded .laterally along V;i.lley-siQ.es and.is 

therefore less ef:t'e:cti1re as an arosiv.e force tht:.n :11<1r:~rn' action. P;asr~l 

in New Z.ealand · (!1cCleP.n & Uavid~on, · f 968) , ··but, the process is not a 

d~rect erosional agent h.erc becaus_E3. it .is Jrias.s. movem(mt. which'. supplies 

ma.tel'ial to tha -waves. Alo:ng sections of the coastline of southwest 

Devon Island b<1saJ.. erosion by directt m.'1:rh1e a_tta.ck R.ppears to play an 

oc~as:io;nal ·bv.t im.por~nt role in slope _development. 

· Two for·ms oi' basal erosion ca.r1 occ'.ur along this coastline, 

both of which depend upon the existing. extent. of sea·-ice cov""r and the 

nat~e of the }}3.ttern- of its _break-up. Erosion is a._cccmplished 

through the trrro processes of ice..;.push e.c'tivity ahd storm-wc:-ve activj_ty. -
~ . . . .·- . . . . - . 

- For· ten ·i:lonths of t.he year -the Arctic coastline ·j.,.., the study area is 
- . . .. . -

protected frCim 1>2.sa.l erosion· or· ariy type by n solid seao.icE. a?Kl be~.ch 



·-:':"·. 

-ice cover (HcCann & oWens' 1. 970) ; brtt as the ice. breaks up into 
. . .... -. . . 

sections d\iring -the 5Unimer; a.rid begins to float out l.iitO- r..ancaster--

Sound, the ·~s~?-b~ity aris~s -tha-t adverse· onshore_-willds inay· P:Ush- this 
.. 

· f1oating: ice ·back il1to shore. Ice can i:n th?:s fashion._become- an· agent 

·of ere>si.on on _-coastal slopes. When -the sea-ice cove?" is eventually 

_removed from the vicinity, strong offshore· winds" aver- .a long·fetch 

may:_aga~- foster basal erosi~n o~ slope~~~ this ~im~\,y-stc)~-wave -

activity. Open or partially open water comitions 1aa.y, then, provide 

·the conditions· suitable ro·r l:lasal ero-sion· of -coas+...a.1-·slopes·whe~ 

combined-with adequate wind speed and ·wind direction. 

·. Basal. erosion was observed in both forms aloiig the Cape Liddon 
- : • • ;: -~ - • • • • •· . • . 7 - • • . •. 

coastline 9 and· to a less_er:-exte~t along t.he sea-ward· facing Caswall· · 

Tower slopes •. Bbth areas we1"e affectGd b~ca.use they :maet two n_aturai 
. -

·pre""requisites a -one i tp.ey ·faee southeast-towards ·the- d:i:rection -of 
. . . - . . .. . . .. . . '. - . . . . . . . - .. . . .. ~ . 

longest "wave f.9tch; and~ two~~thei~· slopes" are~-p;Jorly 'prtitec"tcif by very·· 

narro~--~~ch ·z-~ne~(a;;d·~~te;;p.-of:fsh~~e -r~fi~r. --Th~-;;~ :~~it°i~~,s-~llow 

. pa.~k-ice to re~eh' the. neaeh" zone iristead- of.-groilndin'g upo"n-. a. shallow 
.· .... ..:. .... 

offshore platform which occurs elsewhere. Thus-the likelihood is 

· increased _that pac"k-ica _pressu.re caused by· sti•ong onshore 'wim~ will 

·pu;h the i~ebe~gs o,,c:~· the ~'i'la~rcw bea~l~ ai-1d . int~ the bas~ of . the­

.51,op~s-. at" .t}u~· .,r~r~- '_-·sl,.\1ihlrly 'tha nar~Ql.f:beaQh a_nq_· 'steep~r off$hore 

profile· allows storr.i waves to traverse· farther over the beach zona 
. - • . 

.. whel"e they can influence the slopes with d:irect contact of ·'waves or 

waye spray. 
- . ~ . . .. . _ .. 

_ Sev?l'.~ .. 1 talu..s slopes ¥ere subjected t.o ma1•i."1e erosion at. base 
. - . . . . . . . -

due.-to -the in:tluel'fce of t-t1c:i- major- stor't.iii.dill"1ng the su.Jliti!.er o.rc-1969· 

crrrr (2)). 
.. . . 

'I'ha first occurred d\tring the period July 25-26, under 

-.: .. 



5? 
,·~~a~·· 

conditfon8 of partially-open wate1~~:. · '1P'ri¢~-ice, floating offshore 
"i ' 

across lhe entrance to Rad.stock Bay, was pushed. t>nshore into the· base 

. -of. severa.l -Cape- Lidd.ori slopes: by 22m. P• h. _wind~ blowing fro~ the -. - - -- . . . - - - . . . ~ . -. . .. 

southeast. The storm of August 11-12 occurred. while ice-free conditions 

prevailed 'il?- Radstoc_k Bay. S<:'uti1e_ast winds gusting ttp to li·2 m;.p.-h. 

gen~rated storm 1;:rav:es .with heights sufficient to 6verrun the beach 

·.zone· at-both .Cap~ _Lid.don an4 CasW'all Tower with the ·result that·· 

se'1eral talus slopes were eroded at base. 

(2) . Observed Effects in th~ Stu4.Y Area 

The type of landformmodification initially created by basal 

erosi~n varied. Where most effective, wave erpsion commonly _mad~ a . .· . . - . -

-nea.r~vert1.cal-cut of 2-3 metres in the slope base;. On smreral Cape, 

Lid.don slopes erosion uncoveroo the frontal sections of what appears 

· to be . a w~.v~-c1it r~ck platform (plate 2) , ·likely formerf before, post-·· 

glacial .dabris accl.h'?mlation· when sea.-le".rel was higher tha;'l at present. 
... :'. -·. ·- ~ -· . --·· . . .- . 

~lhere less effective, ie. where erosion resulted from wave spray, 
. . 

basal areas of slopes· we1•e initially bared of surface debris but not 

appreciably altered in form. 

Erosion by ice-push was less distinctive. Icebergs were 

pressured into the base of slopes, but the presence of a high permafrost 

· table ·served -to minimize. the .amoli.".lt of S1.\rface debris removed. Push 

on some Cape Liddonslopes~eached a maximum height of 20 metres above 

Coridit:!.ons which followed, such· as high ·tides, caused an .. . - - . . . . . .. 

eventually removal of the ice frpm the slopes. 

0n·e of tKe · features commonly expose:! by ice-push erosion was 

a lay~r. cf .c):-yst~ll:lne .. ice protrv.dirig f:eom beneath the upslope su:rfA.ce 

d:ebris. This lay;;o1• or ledge is quite distinct f1•o:m th"Il ·1Jr.de1--lying 



permafrost table because of its ~"~r,r,rystalline nature, its 
. ~ . . ... 

thic~~ss and 19.teral v~~tien; and the ·al>$"0)?c~ of ·qeb~is lQ~ked · 

within it. These l~ges ~ere observed ~ sev~raJ.. 4itfere_nt locations_ 

and are interpreted _as compacted ·remnants of snowbanks accumulated. 
·- . . ·-. - . . . 

during winter along the base of -ca·pe L:iddon s1opes-. These· snoWbanks 

are _:ove~ in --the peak• melt per.icd ··.o/ c!ebris brough~ ·down ey_ i•ockfall 

·and . snowmel:t._, .and -are-,· consequently coinpactEld. and-c-re.-crysta.llizecL.to- .. 

form ice. Such an· origin -aids in explaining w'.hy the ice ledges. are 

observed to vary later&lly ~in extE'.:ri't- a_nd_ l<'nisittid~alq in :f.hi(!kness • 
. _;_' - -. - . . . . - ~ .. . - - - . 

The- layer was traced upslope fo~ several· :metres at- ons- :part,icu.lar - · 

site due to the presence o.=t a s-lope~ g:-.illey exi)osure' and. was obserV"ed 

to grow progressively th'L"'lner before evenl:.u~lly ~erg~g :i.,nto the 

pe~ai'rost table ·(plat~ 3). This.:.expi~nation of ,c.lrj~g'L"l py _co~paction 

is -similarly reinforced by ob~~n:vations· at :cape Lidaon in -October, 
. , ~ 

., . . ... . -
.1969 .. when E11ow _accµ.inula.tio:ns wer~~ s~e?}. at th-3 t.w.sal. area {j in question. 

In the· ea1~ly . surwi1er of , 1 970 , : -thick blankets---<>:& debris over lay -these 

.. SDOW ac.cumulation ZC'nE.'S to .. the ex.t~nt .that the are~S; Were· llli:staken for: 

actual extensions _of the slope foot.". It .is_ .this debris cover which 

prevg~ts_ rapj.d ablation of the underlying snowbanks_ and i'rl time aids 

-in the. .compaction p:r'o9ess. 

The re.;i.djust:nent of slopes followmg basal erosion.was 

re.cc-.:ri.·loo by int.er.i·a1 photography· at. three ·basal-c11t areas along Cape 

-L1.ddon following the storm·o·r Au.gust::1i-1J, · The sequence of ·avent.s 

was s:ilrlilar at all. sites, 1;.he: ·only variable be:i~l-g ~~e ra:te and. extent · 

of readjustment. - Wave erosion on the slopes.' c-<>nsistent1y. created a. 

basal-cut area which in. some pla:ces t.ras topped ht an. ov~i-hang~1g. ic~-

ledge (de.scribed above) .. 
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Subsequent melting of tha ledge caused dcb:cis fro!l1 i:rr..mediately above 

the cut ~c.o be transpo!·ted do~vnsl~~~~- the"verticial.area:· '\fhere it 

· .· -"1a.:s·:depo.sited in·:a ·sw..all ·pil~·· - -On ·all slopes, melting ·or th& exposed· 

ice and permafrost causc>.d flowage of the surface debris. below and 

above it by= CJ:'eating ins:t&bility in. the .imi.iediate upslope a:i:·eas.. An 

Uptiard baring of. permafrost by removal and deposition of debris do,m­

slop~ thus began to occur. As.the sequence eXtended_farther upslope, 

the·size of material affected became confined to larger debris, arrl 

the' rate· of exposure slowly·decrease,d -until loea1 ·slepe areo.s became~ 

59 

stabilized. The material cleposited at base eventually buried the basal 
---

abrasion scar to create a new.slope foot with an angle s:bnila~ to the 

one: present- before marhie erosion- Plates -4 and · 5 demonstrate- the 

difference between the·. surface characteristics of. a. Cape Lid.don . cone 
... 

·· at ·different stages of readjust,ment -to ba.sa:l erosion. · _, . . . . . . . 

the ·aec'Ulllulating ni.ateria.l from readj~stment event.ua11y covere..d-the 

:.pht:f'orm. Plats 6 ·sh\Jws ·such t::in area in a later stittge of accur11ulatio~. 

A return to the sites ea1,ly the following summer Wicatod 

that the readjustlllent phv.se doos not normally extend to the top of 

the slope; but rather it reaches some c~ritical he:!.ght at which 

·. -sufficient materi~l ·n.-, . .s. accurnulated -1-ownslopc;; to enabJe slope 
. . 

inst.:-:i.bility to be minir.:d.zed. Furthermore~. scma o-r the ba.sn1-cut are1s 

. revisited, at· Casvta.D. Towe.r in 1970 had not re-form.eel over the winter, 

· ar.d so ·it mu.s-t be e.zr.phasi2.ed that r3.ad.ius-::.ment. to profile change will 
. . . ~ . . . . 

be a.ffe.cted by o~h_er fact(lrs such as ll'..::?.gnitud.{:J of the basal orosj_on, 

·rate of accu:mula.t.ion r)f rockf.n.11 l1W.t..::ri.al, a.rd the initial natu!·e of 

the slope debris and profile; 
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The vertical cuts rErvealcd an interesting stratific~tion of 
... ,· . ··-

debris ·with:in the permaf'ro-st layet.1f\ A -typica.l .. cr·oss;.;.sect.:l.on through 
. . t•·- . 

. tlie deposit ·is iildicated by-plate-·?-. -Here,- -the uppermost part· of the-.· 

60cni.. pe~Jifrost Tuyer lies at. slope· bottom and cqr~ta-iris· ·fine· s"i.l t · 

or. sand within it •... Abcrire it. is f~und a 40czn. layer of. coarse,· angular. 

· debris incori;oratro within the. :i.-ce; while sepa.;.atj.ng it from the 

present slope snrface .deb1·i~ there . :ts a fOcm. _layer of granular ice,· 

believed to be derived from compacted winter snow a.ccumnJ.ations. In 

gravels were found li:ickE:.d within th::; permafrost between 18.yers of 
.. . . . 

- . 

angtµar slopede1Jris ~t ~E:igh:ts we1:~ above.~he pr0src:nt_sea.-level. 

"This type ·of expoS-~·e is shown by plate 8,- and :iJidica:te·s above· all the·-
... .. 

complicated sequence of pa3t e:vents anc! proc:esses in the ar-ea. 

(3) P:r·oi'£s ·?~ De'cris Ch~:f::;.~t.erisf.:lc~ 

"-' The angle .and pro.file. ~crm_ Qf . ~~a11.r-er~aj. sl<;>~s, .. along 

.· : 

debris suggests tr.at the process in question has a distinctive and 

pronounced effect upon those slopes. 'Ihis section analyzes the 

various charE.cterist:;ics as they appsar on slcpe.s at~ both. -Caswall· 

Towe~ a.1i?. C2.pe Lidd.on, 

Comparison of the fiy.e slope profiles taken frombas~lly-

eroded slope~>- :i.ndi~aysp. ~ slight djversity of'·. fcmn, an:l it· is 

··attribute:l -to: varia:t;lons in irr~ensity.-Of m:riri.e-att~ck . .which OCCUr . 

befa;,eon tho various, slope locations. . Of the .si?~ _p:rof'il~ ·rorm-
... .: 

. categories employed (Stock,. 1968) I all- a~~ eqURlly- ·repr'3sented.. with. 

the e:icceptiqn of. nconcavit.y.•_• · 



lfo completely concave profile for~rt~~ .. ?'.ecorded, a fact ·which is 

c•:>nsistent with the ex:pectc>i.tion that c::mirexity will be il-1trodu.cec;l into 

a basically re~til~eax· slope form when a vert-ieah. basal-cut·· is. made. 

The three profiles from the area m~st severely affected, Cape ~1.dtlon, 

can be arrangsd into two completely or dominantly convex ai:id. ono 
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rectilinear slope.· -·.This· la:tter deviation f.'ro:rn convexity :merely reflects 

the duratj.on of' time allowed. befo:r.•e. the slope was surveyed; for tho 

slope in question is steep and short, and the readjustment to the basal 

erosion was :rayid enm.igh t~ restore the slope pro:tile to its former 

state and. el:l.i:linate t.he olo"'lf,:nt of convexity introducoo.·. · At CaswalJ. 

location·, slopes· J•;a.:lnt..o,i..."'?. ~"n els:ir..ent. of. conirrodt.y- _but it tends to bo 

overshadowe.d by greater concave components on the slopes. Due to the 

low iua.gnitude of basal erosion here, the readjustment of the surface 

. became . sta.bilizoo .at a level _onl,y. ~ f.c·v' n;.etr.:.s above the basal c-ut; 

arid thus the conve..xity introduced into the p~ofile.by erosion was 

.. insufficient to signific.antly al.t~r tbc concave p:t·ofile iu.h~rited P'J _. _ 

rockfall accuraulaticn. Corr~exity manages to equal concavity on one 

profile and .form a minor elen1ent on the other. That these two CJ\s4 

profiles 'di.ffer in deE;ree of convex.ity-1.s offset by :results of the 

non-pe.ra:rr1etric tests pel'ft.)rmed, which confi.i:-m that no two profiles 

drawn frt1111 the sawe slope differ signif:i.cantly in form. Results from 

· bo1;.P. ~oc_~le.s the_n sugge~st :-th~t _the -co~ve?C~ty _-:U~troduced ~o .a prof~le 
-

by basal erosion varies in extent and duration depending upon 

readjustment rater. 1 length and steepness of -the dal;ris slopes. 

The long-term effects cf h'.lsal erosion ~re also· reflected :i.n 

: slope angles (ta_ble 1. ) .... 



,·.,· 
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The valuos for Cape I.Jildon slopes are creater than those for Caswa.11 

. 'I'ower by almost J0 and again the difference .is att.i·ibuted to variations 
. . . . . . 

in :frequency. and. intensity·:.of b.'l.sal erosion ·betwe-en the two· a:reas. · 

Where basal erosion is recurrent; rates of renioval"of debris from the· 

affected slopes will .. overtake i~ockfall .accumulation rates unless 

occasional catast;.ophic .ev~nts sharpiy .i."lcraase rockfall supply. (ie~ 

a· blockfall). When reinoiial ·becomes· greater than-·accun1Ulation, the 

slopes will bec!cme steeper in angle and straig.liter :in form. Since the 

loca-tion. of Cape Liddon slopes -makes them more susceptible to both 

storm-wave and ice-p11.:;h ercsic11 than their CaS'1'"1all Tower counte1•pa.rts s 

the steepening of_ Cap•J Lid~on · slopes is ass~ed to have beon going 

on· for at least the past ~J.:f..;centu.'J"Y, given constant rockfall 

accu.ll'lulation rates. Since.tho probability of such a storm is only 

a.bout one in every swan years ·(McCann &·Ingra111, 19'"/1), 'Seven attacks 

with intar-r~.ls for re~il ,j11stmsnt are possibJ.e in the last 50 years. 

'!'his.number is·more than a.deqUa.te to account fort.he steep slope angles 

experiemced. her-=,; Slope. crigles are lowe ::- ir1 the Caswall Towe!' cliff 

area· because of the n1uch lower incidence o.f basal eros:.ton there. The 

differ•'.llnce in height of overlying r.-w.r-inG cliff may also account for e 
. . 

discrepancy -betwc.~n :mgles in the two localities; for the higher 

rock~ia.11 ovei• Cape Liddon_ slopes (J00-350· :metres) offei~s not only a 

greater sou.rce .s1·ea. of debris bu.t also a greater height of f~.11 of 

much or 5.t~ · If the latter ,is true:_, additioria.l moment.um .cre-atE1<1 :in 

gravity fall will carry much of the larger debris over and.· bey~nd the 

. lir.d.ts .of the. slopes bel<'W. This means that_ !l.ithough the Casw2.11 

·ro-~e:t' cli.ff.,;face offer:3 a s:maller sol.irce· area {150-200 raetres), 

acctl."'1.ll~t'.:i.on below :may be great.er· than upon Cape L:iddon slopes 
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!.:rid hence angles will be lower. 

Values of mean skewness and kurto.sis for each debris sample 

site proved the sample distributions to be representative Qf normally-

·distributed populations (Jones, 1969). Consequently ana.lysis of 

variance tests were used on size and shape cha:::-ac:teristics. Th,e test 

for the bro-way factorial design employed he:~e requires that. all s:i.."C 

of a slope's surfac13 samples be included, a.rd· therefore the single 

basal erosion sample line of slope Cl2 was omitted bocause it p1•ovid.es 

only half of the requ:troo samples.. Only two slopes then are· available 

for study as ba.s~l erosjon slopes. 

· Results of the anal:[~is in table 2 r01rea.l that of the two 

slopes only CAS3 is continually· char2"cterized by significant arranger.1cnt 

of debris shape into :;::,ones c:.~ v-::irtical sectors. Both fJ.a,tness and 

sphericity show significant zonal and la.t.eral arrangement on CASJ, while 

the Ce.Jie lied.on slope has only one s·l.gn:;J~icant. e.:r::-;mgement, that .of 

la.te1·a.l arrangement in flatness. It is concluded that on the whole, 

shape 011 CI.6 is rat.her homogeneous s:.i.nce the one significant arrange1.1ent 

accounts for less than 3.:f; of the total var:t..,.nce in shape. 

For slop9 CASJ, shape is heterogeneous over the S1.1.I·fa.ce 

although eta va.1-u.es suggest that zonal offect is mo:i:•e highly correlated 

with shape than is lateral e:!'fect. In fa.ct, both .flatness arlCl 

sphericity.values for zon~l arrangement. are similar in proportion or· 
variar1ce explailled. The trei'll..is shown in ANOVA results are towards 

h:tghar zonAl th:m· J.ateral arrangement. Shape is theref<>re concluded 

homogeneous on the Cape I,tddon slope and hete:roge:rieo\ls on the slope 

sa.iupled at Caswall To~rel"• 

Analysis of size .,,raria.tion over the slop::is ::i!ldicatee ti.~e.t o:.tly 



TABLE 2 

Summary of' Test and Rele.tionshir.> Statistics for ANOVA of debris size. and ~hape on Basal E!"osion Slones 

Slopr.;i 
Location 

CASJ 

C"L6 

C. FlIC:KE'£TS 

SIZE FLATNESS 
B~tween Zones · 'F' Between Lir.les 'F' · ·Between Zones 'F' 

(eta) (eta) (eta) . 

11.72+ o.27ns 6.66+ 
C.?7) (.03) ( .21) 

o.29ns 0,60ns 
(.04) (.04) 

J.. ?.8ns · ;. 
(.11)· 

-------·-........a--·------·------------------
+ signj.fic.~:mt .at • 01 lc .. •vel 

* flignii"ica.nt ::i.t • 05 level 

Between Lines 'F' 
· (eta) ·, 

2.04ns ·· 
(.08) 

.8. 3_s+ 
(.17) 

., 
< 
' 

SPHERJ;CITY 
Between Zones 'F' Between Lines 'F' 

:(eta) (eta) 

. + 
6.27. 3. 91 * 
(.20) (. 01) 

1.J1ns O. 2li-ns 
(.09) (.03) 

-· 
... 



the Caswall Tower slope has a siJI'f'.:f:J~~t. size ar:r.~angement (at the 

.05 leveJ.). On the ·cape Lid.don slope neither zonal nor late1-al 

arrangement·in size is significantIY greatE;)r than error variance, ie. · 

the varia.t:i.on between fragments. or the tofa.l va.rianr.:e. zonal arrl 

lateral effects offer the same proportion of explanation, which is less 

than 1'f;.. In contrast to this size homogeneity, the Caswall Tower 

slope does portray ~ significant zonal ~rrangement which accounts for 

?'fa or the total v~riance (table 2). 

Both ·size and sh:;i.pe values on CASJ there:fo1~e show zonal 

arrangement to be signi.ficant for size and shape, while on CL6 size 

a:nd shape are for the most. p.'El.:r-t considered homogeneous. Comparison 

·of all values of the :t•elt..t:i.ons::tip statistic eta iridicates that zonal 

effects a.re more highly correlated with both size and shape than are 

12.teral effects on the basal erosion slopes. The discrepanoy in values 

between t.he slopes is boliGved to a:;. .. isi:i from the minimal response ·or 

slope CASJ to low-rllfl.gnitude basal at.tack compared. to CL6' s rapj_d 

readjustme11t followiug high int~nsity ab!'asion. The expected 

consequence of such activity following profile change is the 

re-distribution of debris of all sizes from the upper ar.rl. middle-zone 

areas by dm·mslope sh:i.ftil!g over the slope su?'face. If' the reason:L"!g 

is valid, then the Cape Liddon .slope is a typical example of the ideal 

b3.s2.lly-abraded slope by displaying size and shape ·hotnogeneity o-.,er the 

surface ar!d thus no seloctiva sorting. 

·Since slope CA.SJ ~perienced very l~.ttle readjustwe11t to 

counteract its basal-cut the redistribution of mate~ial from upslope 

a.1~eas 01re:r the sur-f ace. tl:i.d not occ.ur; and hem~e th~ zonal size 

arrangements crea tsd: by fall-sorting. of r.:ickfa.ll debris, . plu~ 
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heterogeneous shape arrangements f~il~,1'¥ar:iations in source lithology, 
'.~~- .. ~ .; " 

have remained intact. · k n1or& vigorous bas~l attack might have 

destroyed zonal size arrangements by removing inos-t large blocks from 

·the base and replacing them after readjustment ~'"ith various other sizes 

of ma.terial derived from both middle and upper slope zones. In the 

same fashion the various pockets of :roaterial witb.sma.11-shap~ 

variations within·them would be broken up and·mixed together downslope. 

Orientation ar1alysis of t.he fifteen basal ez·osion slcpe · san1ples 

resulted in-r.qcognition oi."- seven p:;."'aferred. 01•ientation ~tter.:ns. 

(significant at levels of as.10 on the Rayleigh test cha.rt in Curray 

(1956). As show?1 in te.ble 3, this 47'% ·of the total number of oo.s2.l 

erosion sample patterns displays nearly .equal prefe:rence·. for downslope 

and cross-slope direct.ions; and these are sit'llilarly p:::-evalent in each 

of the zonal locations· of the samples. However, only one sample 

arrangement is signific£..nt at the a=.05 le-\tel~ .::a.nd this is oriented 

downslope. 

On a basa.l erosion slcp~' s surface. one would. expect to discoyer-

a directional preference in the area of slope readjustment, since the 

sliding of material occurs. 0?1 slope CASJ, though, such a preferenee 

is four.cl not in affected areas but in the upper slope zone; although 

it is only a weak pi·eference (sign:ificance lavel of a=.09). This 

pattern is a product of rockfall sliding rather than readjustment 

. because .th·~ latter prooass did not reach that fa.r upslope. That 

readjustment was not ::tntenso accounts. for the·_ lack of . 4.ny significant 

dt.rectional preference over the lower slope areas • 

..\t Cape Lid.don, preferred orientatioi1s are· found in ·oo.6h zone 

of· slopes affected by b1sal erosion; and the significant levels. of 
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Directional Preferences of Significantly-Oriented Samples 

SAMPLE SITE 

• • p ~. ••••• • :::'.·~ : 

CI2 base 2 

CI2 mid 2 

CL2 top 2 

·cr.6 base 1 

CL6 mid 1 

_ CL6 top 2 

MEAN VECTOR 
DIRECTION 

. --
1600 

55° 

86° 

SLOPE IEVEL OF 
PREFERENCE ·SIGNIFICANCE 

D .09 

c .10 

c .06 

c .07 

D .05 

c .06 ________ ._.____ ...... _. -'-'---··------- ____ ..... .___ ____________ ,.;.. 
CASJ top 1 D .09 

Cc cross-sloi:-e 

D' doimslope 

... · ~ 

6'1 

·--,; .. . .. -



alpha. reveal that CL6~ the slope subjected to the strongest b!lsal 

attack, has stronger oricntatj.on ~~f'.~ences than does the CI2 slope 

which has not been so severely abraded. ·-Ail equal occurrence of poth 

dm-:nslope and cross-slope preferences on these slopes suggests that 

diversities arise due to the varying degree of instability.~perienced 

. iri differeni areas. Figure 12 indicates that cross-slope orientations 

a.re more strongly alir;ned than are the downslope orientations for · 

basal erosj_on samples found significant. Rot..<ttion of ma.tsrial to any 

particular dirE:ction will then va-ry f'r-om. slope area to slope area., 

although the strongest orientation preferences are generally fourLtt in 

the upper slope zone. No single directional preference can therefore 

be,.a.ssoc~t,~ _w:i,t:P,. J:>a,~al ~r9s:it1P .Pt1 ·~lopes, _pu.t ~h~r!} .~lic.nj,ld .b~ . a 
.. ·•.··. ·. . 

relati:vel:y high probability that preferred· orientations wjll arise 

from the event. 

Consiclering then the whole l'a11ge of ~e.:uples a.nd profiles taken 

from slopes affoct€d l~- basal erosion, there arises the recurrent 

. &planation of discr~Pa.:v.cies b:9"bvreen-Caswall ·Tewer and Cape Lideon · 

slopes being due to ya.ria.tions in the :magnj.tude of 00.sa.l. attack .and 

degrae of resulting readjustment to the profile change ir.itroduced 

by that action. 
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Figure 12 

Alig-.rllllent of signifj.cantly-criented samples on basal-erosion slopes. 

A, dowi1slope; B1 cross-slope. 



A. 
DOWNSLOPE DIRECTION = 180° 

a. 
CROSS-SLOPE DIRECTION= 90° 



CHAP'fER VI 

SLOPE MORPEOLCGY AND ROCKFALL 

(1. ) The Pr-oce_2§. 

Rockfall, with subsequent deposit1.on of the fallen material 

constitutes the ma.jor a.ge11t of profile co:nst1•uction on talus slopes 

(Stock, 1968). The rn~kfall process entails release and deposition of 

rock fraE,'1llents from. mom-.t..ain walls and cliffs by mechanical weathering 

of the rock face. Dep.,si t~.on ocm!.:es by free-fall of tha weathered 

frag!llents. Varii;.+.io1:s ir1 the fo1'ln of weathering involved in rockfall 

are in part responsible fc;.• th~ type of debris slope which is formed 

below any particular ro\!l(trall. The channelling of debris derived from 

a ccmcentration -:>f rockfalls on on~ p~.rti~ular wall section most 0.ften 

results in the formation of a talus cone. enhancsd by the gulleying 

or dissect:!.c·n ir. tha :"Oc~wall itself; while :random rockfall along a 

uniforn1ly-surfaced :t•ockw.9.ll tends to produce a sheet-like accmnulation. 

Th~ ccutinna.l cha::me11ing of rockfall r::.~teria.l onto adjacent cones can 

result iri the lateral coalescing of slope basal zones to form a. 

c.oaleseen~. cone. Generally t~1e at'lou.nt of dissection probably affects 

the rate of rccki'a11 be.:iac.se gr.::..'.d.~0.r dissection means a greater amount 

of exposed rock surface on.which mechanical weathering can occur. 

Rockfalls occur i11 response to enviror!ll'lental cor.ditions. R-9.pp 

(1960b) classifies roclr..fall on the basis of ralea.sa :roecharti.sMs, wh:"Lch 

£•.re:-
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(b) therrr.al changes 

(c) heavy :rains and humidity 

(d) snow block falls 

{e) ice block falls 

(f) chemical l'ieathc?.ing 

(g) wind 

(h) c1•eep. 

(i) earth.qtiakes. 

On southwest. Dt:won 1.sla:nd (a), (b), (c), (d), and (g) are 'likely the 

domi.'l'lant release mech~n;.s:rr;,.s in l".ction, although frost-riving {bursting) 

is probably tho g~catest ~jngl~ contributor to rockfalls j_~ this a~ea. 

This machanlmr. iv~::; been d iscm:secl previously (III, (2)) as a cause of 

prima.ry rockfalls 1 whic!~ invc·hres the breaking and fall from rockw:dls 

of a rock directly onto the slope surface (Rapp, .1960a). In contrast 

sa~eir:;d.!!try fall iir.pi:te!'l the fa.11 of rock that was already :i.n a loosened 

state and resting O!l ledges, outc:roppi11gs, etc. Precipitation in the 

SU."ll!Tier :rnont.h.s 1r: pri:inn.dJ.~r '!"3Spcmsible for causing se~ondary falls by 

ra.inwash ur .. dertidning ()'J." saturating loose i•ocks (Rapp, 1960b); although 

strong winds 'ffl.l!.Y also release second.ar-,t falls of small fragments.· 

Snowfalls s.lso start off secondary falls whrm S"..J·eeping over the rock­

walls. In both primary and secordary fall situations, rockfall occ\U's 

a.s either an individual fall o:r as a. collecticn or shower of · rocks 

falling si.mult3.ner.n.1sly. It cieserv!;)~.; mentio!1, howe-y-er, that. in spit~: 

of a.ll t.he :t::nown 4llt}chani.sms, rarely is it pcssibl~ to ascribe any one 

of t'ael?l tv any p..qrt.icuJ.a:- r-ockfal.l obse:::"lred in the fieldw 

. Tempera:t.m·e at the rock S1."trface is on~ of' the r::o:;."e irlpo1•t.ant 

micro-orJvirci1r11•?.r:it;!l c:1e-a.·~mts, i•efle'!t:i.nl bot.h air tempr:n•atuN., cond'it:hms 
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and tha effect of solar radiation (Garcin6r, 1968). A sttldy in the 

Canadian Rockies by Gardner (1968) show::; a covarfation b"'tween rock 

surface te111pe::::-atures and rockfall frequency, wlth the peak of rockfaJJ. 

acti-:r:ity ccrres_pondi:ng to the peak j.!l reek surface temperature. The 

tberma.1 changes prob.?..bly 2.ffect rates of expansion ard contraction of 

ir.d.j:v:iduaJ.. rock grains ar.d hence cause mechanical breakdow·11-

'l'he eff'oct of any rockfall will depend largely upon the nature 

of th0 1•c.cktmll surface 1 the· height of fall of the f'ragmcntn , arA the 

size of the :LTlit:i.a.l i•ock ma.teri~.1. 'fhe nature of the bedrock iri this 

area. is es-::>ed.!3.lly fe.vourable to the occurre:r!ca of rockfalls. The - . 

loosen'8ss of t.he reek~ e~pe.::ially on the marine cliffs, s·ti.ggests that 

the combiriat:i.on of tMn an<l thick-bedded rock t.ypes -increases the 

probability of occurrence or lne~hanical weathering. An initially 

large block, fallil1g 4.'1.C'lbst.ru..::tcd uver a long distance viill very likaly 

rcJ..l or b(.;unce down tbe tal"!.4s s;ir:f~ce ll:tac·::. aft~;r 1ar:rlir.g. The sa.llle 

block, if in collision with r•">ck ledges and outc~pp:i.ngs on its fall 

nia.y sha ttP-r jnto sr.;~11 f2•a g:n0H"l.E: ~ som·.~ of whfoh may not reach the talus 

slope but w:i.11 collect upon rock ledges. Of -the f1•agr.1ent.s which do 

reach the talus neck, :many are unlikely.to travel fer do~·mslope since 

t.bei:.. ... a.cc:elara7.:l.cn is governed by low mass ,.f th~ particles. 
I 

ASSl.i.~i~g 

equal velocit.ie:; (ie. consta.rJt height of fall), tho greater thtl siz1::1 

of' a rock the- fart.her dawnslope 1.t vri}~l i~ra":r~~ b0ce.use of t}1e inc:re<':~.se 

in kinetic en.ere..:; that accompanies a. size inc:r-ease. Under th!3se 

conditicns n c:r.-ude fe.11-sorting sh~\l.ld o~cur (III, (2)) • with thf) sige 

cl:trec"!:.io:::.. 'I'he downslope so:r.·ting will net, hcwover: be pe!'fect ~ if 

' not.. beca:nse of t,1w ~.r;tion of ~1t.her p:Ncesses :in a]. ter:lJ1g thh~ coril:i. t.ion. 
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then because of chance fact.ors alone •. Shape of the falling debris will 

affect its nature of f'all and thus affect. the fall-sorting process. 

Slope an.gls and surface roughness creatoo by debris already dop:)stted 

will simihrly vary the 1•at.e of loss of kinetic energy of ~ falling 

rock and affect fall-sorting. 

As lil.a.terial continues to break away from the cl:i.ff face, however, 

e1~sion of the cliff is progressing at a rate proportional to the rate 

of mecha:nical wea.therin~ upon it. Rockwall retreat in the form of 

par2.llel b.'lckweathering then occ·ll!'s on the upper sectors of the. rockwa11 

while continual accUJlntlation lower down begins to cover ai""ld protect 

increasingly larger sections of t.be lower rockwall. It is the 

backweathering which prcduces an h•ragular, dissected rockwall surface 

(Bird, 1967). The d.ebri~ burial of the free-face is not unifo:rm, a.rr-l 

so protr1:1.sio~::; into th"? lower debrj s .slope e::nert;s as the more 

t•esist..1.nt "bed65ng p1E.nes. A ~mnpcsit·a ~~lope of r."Jli.ny snialler debris 

slopes 5.s created before the entire face is covered. Differences in 

a.ccu."llUlation rate::> across a hor-izonul pla.ne are also due to resista.nt· 

beds and thus they often appear as pinnacles and turrets in the upper 

slope zones. Bj:rd (1967) believes this co!llbination of events is 

ur,iform for limestone cliff e"..rolution under pe:eigl.aci.al conditions. 

(2) Observed Effects i.n the Study AJ.•eit1 
-~--- ......... ~-·---

In the Ratlstock Bay area rockf slls were observed by the author 

on sunny, windless claz1:s during mid-October of 1969, a period during 

. which roax:'...Inum dlu.rnal 1..i!" temperatures did not risa beyorid. 16°F 

(Aprsndix I (2)), Ill a.ddltion, G.t the ti'Jle· of a.r1•iva.l in the field ir1 



yet air te.mperatu.res had still to reach 3?.°F i'or any lengthy period 

during the day. Rockfall activity ,r;•.mtinued throughout the peak m-::lt 

period and on into the summer; v.:r.d based on observations in 1 %9 it 

probably continues until at least the end of October when consistently 

cold temperatures, plus the or1set of polar darkness, put an end to 

frost-riving, ther.rria.l change arrl rainfall as significant trigger 

mechanisms. 
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· Cape Lj.ddon was noticeably the most active locality for rockfalls, 

having both the highest ss~tion of exposed cliff-face in the area (J00-

350m) and the great~ist amount of rockwall dissection. Caswall Tower 

is the second m~8t active ro~kfall locality, but activity is confined 

to a much lowe:r cliff··f~cs which reaches only 175-200:rn...:. at the steepest, 

seaward.most. side of the Touar. Rockfall occurs to a lesser extent upon 

Cape Ricketts slopes, and primaril,'{ upon talus sheets; while on the 

In:':P.nd plate~n.; slorJes :r.o !'€H~e'!'lt rocktaJ.l acthrity is noticeable •. 

Along Cape Lid.don in mid-June a vast quantity of :rockfall clebris 

covered ·tC.".e sr1ow and ice-capped b.~ach and slope base areas, ar..d 

nont;nued out onto the sea.-i~e as £'2r as .50 metres. There was:a 

considerable range in :T..ateri.a.l size, varying from seYeral +600rr.:m long 

boulders to debris of 100nun length. The s.::ma situation existed on the 

baachfast t:i.!1t~ sea-ice belo~r the Cas;;P.11 'Lcwer rriarL"'le cliffs. An early 

arrival tnto the field in 1970 ana1.:1l~d th~ ~uthor to recognizE; and 

recr>rd the h:lgh dee;ree of rockfall activity which occll!"s in la.ta 

spring s.~id early sum.'ne:e in a H:i.gh Arctic environ.'T:~mt. Plate 9 shows 

rockfall debris· collected upon beachfast ice which wi.11 be rafted out 

to sea to leave no tr;i.ce of fallen debris boJ.ow this cliff section. 

A cor.:.'i10n feature i:n the study 3.rea. that results fr-om ?'C•ck.f'i?.11 
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activity is the slj.de tongue. The process of formation was obser-J"ed 

on a Cape Liddon slope during Aug~9t and is described here as a prelude 
··.-,, .. , ·: 

to discussion of the features as they occur else~here. The author 

witnessed a huge quantity of rockfall debris as it began to roll and 

bounce down a lengthy, convex talus- cone of 38° slope. A fresh scar 

of lighter-coloured rock was noticed in the rockwa.11 at a. height some 

JO to 50m above thE> cone's apex, and covered an area of approximately 

15 to 25m square. The scar indicates that a subst.~ntial qucmtity of 

mater:i.a.l had broken away as s prir.la!'Y rockfall. The larger blocks 

rolled and bounced doi-."llslopa and eventually reachoo the sea. This 

particular cone, howevt:'Jr, had been gRU:i.ed by meltwater ea:dl.er in the 

year and its su'l."face dried. and compaeted. Conseqtrently, loose surface 

fines had accu."TlUlated in these gullies; a.nd upon contact with them the 

fallin·g debris set in motion downslope a slide tongue. The :rr.ain li'.Ass 

of fallen material also moved ove:r the. s:rr:.ootb. talns surfa;:;e in sliding 

motion a.s a .tongue. Plate 10 shows the movement do1·mslope of slide 

tongues, outl:b1ed by the dust they l>a.ise<l. The na:ture of the tonguo 

features as they came to rest differed due to tha cou.Tses ta.ken dovr.1-

slope. One sJ.ide tongue followed the confines of the mGltwatar guJ.ley 

to base where it wa.s forced to splj_t by a ?tJ.ei.twate:r-const.J""ucted debris 

fan which emerged from the gulley base. Other tongues remained int.act 

after overflowing the confines of gulley sides or after flowing 

directly downslope over the smooth and relatiyely frj.ctionlt:.iss ta.lus 

. surface. Plat.a 1.1 indicates these diverse slide tongues at rest near 

slope base. It is possi'ble to regard slide toi1guos as an occasional 

or sporc:.cUc process of basal accW!.ulation. 

It\. ,.. R" 1• t- d"I lnd ,_"'" l 1·.,. f-.n 11e ..,r .. pe ·1~r.e i:.s a.n n a • p.J..i::Lveau. c1ca :i.c:;.es :m:tr,y o 
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these features are situated on the slopes; a:n:i they are similarly common 

to other Arctic localities since they have been witnessed by several 

writers including Stock (1968) on Baffin Island al'Jd Rapp (1960a) on 

Spitzbergen slopes. The tongues at Cape Ricketts a.re irorariably located 

on steeper 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 a.re characte1•istiea.lly elongated or 

streaml:i.ned in appearance due to g1~eater acceleratior1 over the steeper 

gravity slopes, a.nd. are fo-.:a:tl predc~ni11antly en talus sheets which ha.~ve 

coarse surfaces. Tongues developed o:n the steeper surfaces often 

displayed distinct gullies And S!"-All i:harmels extending upslope fro:ii 

the rear of the features. Gullie1s r~nged. in length, often. covering 

the fu.11 length from the tongue to the rock.'"!:rall base. In other cases, 

the gullies wind dovmslope to dissect parts of the tongue proper and 

accu.'llul.a.te coar~er f•1l!·!ace debris, wh~~::h l.r1dic1tes its sliding mcr,,re­

ment by a dmmslope orientation. 

Tongue dima~1sions v.?.rioo. 'l'he lTJa.Xim1lill elava.tion of the features 

is not found a.t the snout but rather can occur an;wb.ere between .5 and 

23m i.tpslope cf it. Tongue heights :r.enect the fact that there is a 

greater accumulation of deb1•is than is the case tor debris flow lobes. 

Sampled tongues :ranged i_ll height from O. 22m. to 1.44m, . while width 

at the same pq:int varied between 6 to 20 metres ac.ross the widest 

sector. BeloTrr the highest and widest. sector of the tongue the feature 

. le-.rels out aril narrows unt.il it n1e1·ges with the. surrounding slope 

surface. Below the "ere.st" o:f these lobes the ~face·is c~eroo by 

blocky debris. r'if,.OUX-e 1 J displays the form of the . three tongues 

sampled at Cape Ricketts. 
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FigtL-re · 1 J 

Plan form of sampled debris.slide tongues. 
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To facilitate better description of these features, size 

analysis was performed on the t11aterial sample::i from various positions 

on the three tongues at Cape Ricketts. At tongue A sections wer.e 

obt-~ined only from the top .and "widest cross-section" area.s down· to · 
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the permafrost U>.ble at one metre' s depth, ·since the front of the tongue 

was composed of nlaterial too l.arge to be field a.naly~ed. These two 

s;unples were sieved and their size distribution curves are shown in 

figure 14. The curves are very similar in shape and indicate that 

the highest concentration of :rr...ateria.l li.es in the -5.0 to -1.0 phi class 

range, corresponding to gravel size·on the Wentworth sea.le. Individual 

percentage scores in each size class !'e'lreal tlmt the silt. and clay 

fraction constitutes an equa.lly lo:r..r proportion. of the two samples at. 

2-~1~ and· 2.45%, respectively. J1oreover, a·Chi-squaTe non-parametrj.c 

test on the grouped parcent.ages :lndi,~etes no significant difference 

between the two sa.mpl3s (at level of a=. 01). The size distribution of 

material is thus homogeneous in the tongue down to this point. At the 

tongue front material is generalJ,y 100 to 300rtun. in d5.ameter, ie. of 

cobble and boulder si~e t and fines are not prevalent. It appe~.rs 

that f:ine-sized material may not reach the tongue front in very 

substantial proportions, and in any case the percentage that does is 

genere.lly low • 

. Tongue B was sampled only at its front since the lobe is quite 

narrow in size and not. very thick. Th•:i cumula.tive percent CUl"'Te for 

size of material here is also shown on figu...-..e 14, and 5.ndicat.es a 

high concentration of materiai in the -5.0 to O.O phi class range· wM.ch 

corresponds to gravel and very coarse sand.. A higher proportion of 

sand is found in :this sample th!tn ori t!:iose of tongue A, t:iJ:t.hough the 
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Figure 14 

Size distributj.on· cmves for ·debris· slide ·tongue samples. 
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silt and clay fraction is a lower 1.01.'% of thi:< total. Tongue C was 

not sampled at any location due to the very coarse debris encountered 

· in depth, On the upper tongue seireral_ large rock. plates with lengths 

averaging 2250nnu were found, with downslope orientations of long 

axes. At the tongue front it was deterinin_ed. that approximately 6Q% 

of the ma.te:ria:l in depth was cobble-size with the ·remainder slightly 

less-coarse. 
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·In su.mmary then the debris slide ·tongues ·found on Cape Ricketts 

slopes have low fine-fraction percentagos, with most·of the.constituent 

. material above permafrost ranging from coars·e sand to· fine gravels. 

These findings support the idea tha.t tneir origin is downslope raoven1ent 

of loose surface debris caused by sporadic rockfall action, su~h as 

that obsor-ved at Caps Ljddon. 

(3) Profile and Debris Characteristics 

The r6ckfall catchment exp&rL~ents mentioned in Chapter IV (2) 

were designed to supply infC1rmation on the areas ro1d rates of 

acc~ation on slQpes qy c_ontinuo:us 1·ockfall activity.· Results 

indicate that of the s:ix sheets placed on each -0f three slopes the 
. . .. 

rates of accumulation seem quite lo~r. ·on· slope CAS4, for insts.ncE:;, 

only the upper two had trapped rockfall debris, and the tot.11 number 

on both catchment sheets was 5 pieces •. The material size was less 

than 60nnn, which is low cor.rpa.r~d to the mean size range of 100-102mm 

for sample s:ltes in this zone. Shape of the trapped material was 

disk-like on one site a.rid bhi.c;'l.ed on the otqer,. which might be 

interpreted 2.S a prel:bninary t1•end towards la-teral sh.ape variation in 

view that sample pojnt5 ha.d bladed :material in this zone, 



On slope CL1 similar results were found, for only on one sheet 'in the 

·UPP.er zone had.materiaJ. accu.mu.lated. The mean size of the six pieces 
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was 73mm, much smaller than.the 92mm average for the debris sami:ile taken 

in this zone. Shape, however, conformed to the debris sample firidings 

of a predominantly bladed shape for material on the slope. The study 

of slope CIJ:~ "was more interesting. Here a g1'eater ·rate of 

~ccu.~ulation was found on the upper catcrone.nt sheets, with 26 and 44 

fragments ·respectively, found on the two upper sheets with even more 

unmeasured fragments whose length was less than 25mm. Mean sizes for 

the sheets were 40inm, arrl 60mm, respecti,rely and materia.l in. both samples 

was bladed :in shape. The s:i.zes· were again sll'.aller than those recorded 

for the slope sampl€!s in this area but shap~ did. not differ. Hence, 

smaller-sized debris is e.ccuniula.ting with·nc apparent lateral variation 

in shape. On one basal site a 107mm iong fragme11t, d'isk-shaped:, was 

found but there was no material ·On the .middle zone sites. 

It is concluded that on the slopes tested, the only 

substantial accumulation 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 pronounced and more often monitored 

here because the debris released . by secondary rockfall ~-11 land in this 

.zone, nnd being s:mall in size it will likely re:mnin in this zone •.. 

Accumulation here is constantly occ..,.lXT:i.ng if this sw..all study is any 

indi~ation, a situation which complies with the view stated later that 

minor convexity in profile is created in thi.s fashion. 

In te:rms of results not a great deal was accomplished by this 

exper~.ment; however some use.ful comments on the practicality of such 

a project can now be stated. 
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Fir.st, when l.'ll8. terial is f ou.r.d on a catchment sheet it cannot be clearly 

dete:rmirnxl whether the IM.terial has come directly from the rockwall by 

way of the fall'"".sorti-l'lg process, or has merely slid from the ~lope 

surface after disturbance llY a) the installation of the sheet itself, . . . . -

or b) the impact of falling rocks. Unl-ess the a.cclll!mlation of :material 

is closely ~nd constantly SUI"'veilled, then r~sults of .rock ~atchment 

s:tudies must be used cautiously. Fo1· instance, on C:rJ.I. large rockfall 

fragment w'ere seen bci-u.nding doi-mslope and actually bouncing over the 

catchment sheets in the middle and basal slope are..as before coming to 

rest. Obviously tbe small number of catc1mlet1t sites reduces· 'the 
. . 

probability that rockfall a.ctivity will. be. detected, but it is rather 

difficult to know how to out.fit a slope with traps 1n a manner which 

will ensure representative sampling of the rockfall activity •. On this 

particular slope n~ substantial amounts.of debris were found on·the 

middle and lower zone sheets, even though debris was observed to pass 

over the area quite regularly. - It is suggested that catchment 

experin1ents are useful. only in .. allocating co:r:itinuous· accu.":1.ulat.ion areas, 

and ·not in dete;rmi:riil:ig accumulat.ion rates. 

There are 29 pror:µ.es drawn f~om the rockfall-dominant slopes 

in the ·study area, f'rom which .it .a,ppe~rs that .. '!concavity" is the _ 

ch~racteristic slope element. of .this group •. In tabulating the various 

profile forms for rockfall-dominant slopes fr0m table 1 , 13 are found 

to be concave while 12 are classed as prooomil-1antly concave. Together 

these comprise 25 of 29, or 86.2% of the roekfa.ll-do11:inant slope 

profiles. Of the re:mainir.g four profiles 2 are "straight" forms 

found both at Cape Lirldon while twv "convex with ·mino1• concavity'' 

profile·s are located at Casi-;all Tower •. -
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Stock's (1968) assumption for slope profile a:nalysis is that 

unhindered rockfall activity produces an :tnitially st.:t•aight profile 

when structural control is absent. On the southwest Devon rockfall-

dominant profiles it appears that despite probable variations in 

structur;il control between locales, 86. 25b of them have developed a 

predominantly concave-downslope form. The continual rockfall activity 

over a slope appears to result in gradual extension of slope base in 

both lateral and forward directions, a devalop:ment'wh:i.ch would account 

for the creation of a concave slope form. A minor element of convexity 

. will be eqttally common because of the rapid accumulation of fine-sized 

debris in the upper slope zone just belc'w the rockwall bas9. The 

change-in~slope between this accumulation area and the middle slope zone 

will cause the for1l'!Z1.ticn of a convroc profile element. Exceptions in 

this characteristic fom hava been f ou.nd among the 29 p::;, .. ofiles, which 

a.re attrib·11ted to local factors such as aspect of :i:·ockt~·all, which 

ca.use modifications to the pattern. 

Mean angles for the profiles of rockfall-dominant slopes rangod. 

from J0.18° to 37.02°, with the highest values occurring a.t Cape Lid.don 

:where slope extensj.on is limited py a n~rrou beach zone and steep 

cliffs which deter accumu.1.ation of deb1•is because of the gi•eat heights 

of fall of weathered clj_ff tr.a.terial~ The lowe.st-angJ.e:d slOJ."16S are 

found at Cape. Ricketts (mea.n angles average 32, J0) and a.t the Inlarrl 
. 0 

plateau nrea (mean angles average .)2.5 ), where the.height of the 

. overlying rockt·iall is minimal and slopes a:ro long and uninterrupted 

· at base. Caswall Tower rockfall slopes a:r·e d.evelopad below a cliff-

face much higher than those of Inlani and Cape Ricketts but lcuer than 

that of Cape Liddon, ar'1Ci accordingly show a mean angle fo14 the luc~.lc 
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The di:fferenGes in steepness, which· do not exceed 3. 5 between hi.ghest 

and lowest locale mean, are thus attr:ibutExl to variations _in the height 

of rockwall as it determines the amou.rit of debris which is falling a:nd 

· the a.mount which will a~cUJnulat.'e on the slopes. below. 

Results of the two-way.analysis of variance performoo on rock­

fall dominant slopes are swillnarized in table 4 as 'F' values and 

corresponding eta statistics for size and shape pa~ameters. Ten of the 

fifteen. slopes considered display significa:r!t·arra.ngements~11-si~e (at 

the level of-a= ,05), and variation in size betv1een slope zones is 

significantly greater than between-fragment variation in all cases, 

On none of these ten slopes is lateral size variation sig-nificant. The 

remaining five rcckfall-domil·1ant slopes a.re homogeneous in size 

variation, that is to say that zonal and lateral arrangement iri size is 

not significantly greater than the erro.r from all unassigned: sources 

(Griffiths, 1959). Analysis of the eta statistics on a.11 15 slopes 

reveals that in a.11 cases but one there is a higher correlation between 

. size and zonal arrangement than between size and lateral arrangement. 

This result evidences the .operation on these slopes of fall-sorting •. 

If the effect of other variables such as slope roughness and height of 

fall is constant, the larger the rock fragment the greater will be its 

kinetic energy which in turn determines its length of travel dot-mslope" 

It is reasonable to expect that there will be a greater visual and 

statistical trend towards variations in size to occur over do-... 'nslope 

rather than acros_s..-slope distances. 

In viewing individlla:l local:i,ties it .is found that correlation 

between size and ZO?l2.1 arrangement :5.s higher on the three Caswall Tower . 

slopes. than in any other locality. The two slopes CAS1 an<,i CA.S2 be~r 



TABLE 4 

Summary of Test and Relationship Statistics for ANOVA of debris size end shape on Rockf'all-dominant Slopes • 

Slope SIZE 
Location Between Zone 'F' Between Lines 'F' 

FLA.TNESS 
Be"breen Zone 'F' Bet~een Lines 'F' 

. SPHERICITY 
Between Zena 'F 1 Between Lines 'F' 

(eta) .(eta.) (eta) (e~.) (eta) (et..~) 

CAS1 148.59+ o.01ns 1.1.)r.:s 23.17 3.78* 84.78* 
(. 71) (.oo) (.081) (.27) (.16) (.47) 

CAS2 3a.21+ o.77ns 1.46ns 11.7~ J.49* 14.as+ 
(.45) (.05) (.10) (.OJ8) (.15) (.2?) 

CAs4 18.2-F o.69ns 41.76+ o.60ns 58.54+ · 1.10ns 
(.35) (.04) (.47) (.04) (.17) (.063) 

CL1 ,).03* 0.03ns 0.08ns o.43ns o.60ns 0.08ns 
(.14) (.00) (.00) (.032) (.063) (.00) 

CI.2 13.20+ 1.24ns · 1.41ns o.62ns .s.76+ 1.3?ns 
(.28) (.063) (.095) ( .-044) (.19) (. 071) 

CLJ 2.44ns o.07ns 5.10+ o.o6ns 5.70+ 0.1,Sns 
(.13) (.OO) (.18) (.00) (.19) (.00) 

CIJ.I. 3.48* O.J8ns 1.91ns 0.72ns 4.o4* o.16ns 
(.14) (.032) (.11) {. Ol!4) (.16) (.00) 

°' \.l"t 



Table ll- Continued s 

Slope SIZE FLATNESS SPaERICITY 
Location Between Zone 'F' Bet"t-reen Lines 'F' Between Zone 'F' Between Lines 'F' Between'Zone 'F' Between Lines 'F' 

(eta) (,eta) (eta) '(eta) (eta) (eta) 

IN1 1.24ns 2·.29ns 6.4o+ 13.11 + o.28ns 9.32+ 
(.06J) (.089) ( .20) (.Zi) (. 044) (.17) 

IN4 12. 90+ ' 1. 96ns . ? 71+ '1,. -· o.oons 2.20ns O.?Ons 
(.28) (;.084) (. 33) (.00) ( .12) (I 04lt-) 

d.46ns * o.6Jns * RK1 0.99ns 2.42ns ·6.12 4 .• 29 
(. 081.i.) (.. 032) (.13) (.14·) (.063) ( .12) 

·2,?6ns ' 3. 71 >:C 1.76ns P.K2 0.12ns 2.57ns 0.12ns 
( .13) (.00) (.16) ·.(.006) ' (.13) (.00) 

RK5 18.01+ J.. 31ns J.18ns O.J8ns 2.36ns O.OSns 
:(.J5) (.0)3) (.12) (.032) (.13) (.00) 

RK6 16.71 + ' O .• OOns 0.79ns J.5ons 1.16ns 4.08ns 
(.J2) ('~ 00) (.071) (.11) (. 089) (. 0~-4) 

7.72+ 6.22 * * * R!\9 2. '/8ns. 0.98ns 3.27 5.83 
(.13) . (.055) (. 22) (.14) (.15) ( .14) 

RK10 5.63+ 2.79:ns o.72ns 7.73+ o.64ns .5· 71 * 
( .19) ('. 095) (. 071) (.16) (.063) ( .14) 

+significant at .01 level * significant at .05 leirel not significant · - - ns 
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eta values of 0.71 and 0.45 respectively. At Cape L:iddon, three of four 

slopes have sig~ificant arrangement Qf debris size int9 zones. The 

highest correlation, 0.28 is found for CL2 1 the slope which was. 

partially affected by basal erosion but was included as a rockfall slope 

because of the requirements 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 Liddo:n slopes because of greater slope steepness 

inherited from suc-h factors as narrow beach zones and higher cliffs. 

The only one of the 15 rockfall-dominant slopes on which the 

lateral effe~ts account for ~ high~r proportion of non-error variance 

than zone effects is found at the Inland plateau locale, This lateral 

arrangement on slope !!In, though, is not significantly greater than 

between-fragment vai·iance, and the slope is statistically homogeneous 

in size variation. The other Inland slope, IN4, bears a more typical 

significant zonal ~rrangem9n~ in size. The results from these two 

slopes are difficult to interpret in terms of fall-sorting because they 

are scree slopes whose_1"0ckwall has long since disappeared. The ~.ajor 

influence on zonal arrangement is an area of cliff-remnants where 

la.rge plates a:rrl crags are found; am although it may contribute to 

zonal arrangement on IN4 it does not significantly affect slope D'11. 

On the six rockfall-dominant slopes at Cape Ricketts, only 

three bear significant zonal arrangements in size. Even where size 

variation is homogeneous, zonal effects are-more closely related to 

size than lateral effects. Hence fall-sorting is probably still in 

effect here, although its strength has probably been reduced by the 

high surface roughness experienced on these slopes. 



Both flatness a.nd sphericity values are employed to determine 

shape of debris. Table 4· shows th~, 12 of 15 slopes have signif:i.cant 

shape arrangements, while.the remaining three are homogeneous. 
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Individual locale statistics indicate that all three Caswall Tower 

slopes bear significant shape arrangements. The two south-facing slopes, 

CAS1 and CAS2, have both lateral and zonal arrangements in sphericity 

which are significant, although the eta scores for the former are 

higher than for the latter. In comparing the· two shape parameters, -

sphericity reveals a hig..~er degree. of association with lateral effects 

tha.n does flatness. On slope CAS4, hol-rever·, ·the situations ·are 

reversed witr.. flatness and sphericity r:mre strongly correlated with 

zonal arrangement, while flatness has a better relationship with :z.ona.l 

effects than does sphericity. 

At Cape Lid.don, three .of fow .. rQckfall-dolriinant slope~ are 

found to have significant shape arrangements over their surfaces,- and 

these are all characterized. by significant zonal arrangement. Only one 

of the three also di~plays significant flatness arrangement. The 

highest correlations for shape are found bet~reen zonal arrangement 

and sphericity on all.four Cape Lid.don slopes. Thus even though slope 

CL1 has homogeneous shape variation, the zonal ·arrangement in -· 

sphericity still bears the·best ralationship for shape, as occurs on 

the other slopes. 

· Both Inland plateau slopes produced significant zonal 

arrangements in flatness, although on IN1 significant lateral effects 

in both flatness and sphericity are also found. The correlation with 

late1 .. al effects, howev-er, ·is hi~her than fo1 .. zonal effects for both 

shape parameters on this slope. 



Fin.ally, table 4 reveals tilllt i'our of six slopes at Cape. 

Ricketts have significant shape variation. 1wo, RK5 and RK6, are 

homogeneous :in shape variation, and happen to bo:r:ler the major stream 

cut :in this locale. Both flatness and sphericity have significant 
. . ' 

lateral effects on two of the four slopes, with flatness having a 

slightl:y larger correlation ratio in both.cases, On the other two 

slopes with significant shape arrangements, RK2 ha~ only a significant 

zonal effect in flatness; while_RK9 displays both significant 

arrangements for flatness and sphericity. Zonal arrangements are best 

correlated with both fl~··tness . .and sphericity. on this. latter slope. 

If both size and shape characteristics are combin~Xl it is 

found "that 7 o.t 1. 5 rockfail-do1iinint slopes have" both size and sha p"e 
. . 

arrangements which are significant, while 3 p0ssess sig~ificant size 

arrangements only and 5 dioplay only significant shape arrangements • 
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. Gardner (1968) states wiJch accuracy that the term "sphericit7"_ actually 

is interchangeable with "block:iness" in debris slope studies because 

of the great angularity of ma.t.erial. Blockiness. <ibviously has greater 

bearing ori studi.es of debris size than· flatness because the former 

affects the fall-sorting prcicess. The more blocky the rock fragment 

the g1•eater should be its size and the fart.her do1'mslope it will 

travel, given constant surface :roughness and slope a.ngle. One might 

expect zonal arrangement of sphe1 .. icity (block:iness)ther1, on slopes 

affected only by fall-sorting of rocJ<·f'a.11 J:!Jaterial. The data iri.dicate 

that there is a st1~ong trend· towards this ZO?la.l 2..:'!"rangement ir. 

blocldness, since coefficient :cat:tos sl'!.ow tha.t· 10 of l.5 slopes do 

possess this character:i.stic. It has also beerJ discovered that 14 of 

15 slopes liave a greate:r zori..al arrar.gement of size than la.te1.;.al 



arrangement. That these trends are discernible attests to the value 

of the eta statistic. Si"ze.and s~~·then appear soin~what related on 

rockfall slopes due to the fall-sorting process •. 

Slope IN1 is the only slope·with a lateral effect higher than 

its zonal effect on size; and it also shares the distinction of being 
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one of the five slopes which do not haye zonal arrangement-in blockinessa 

The other four also display significant lateral arrangements in flatness 

as well as in sphe:i:•icity. · Blockiness is a parameter that .will depend 

up0n many variables such as spacing and presence of joint patterns, 

bed thiclmess and fractm·e proper-ties of the parent lithology. · However, 

when f'].atness is equally dcn;inant on a 'slope it. strengthens the premise 

that consistent variation i.~ bed thicla1ess occurs. On the 5 slopes 

in question, then, sphericity varies less in do1~nslope fashion than 

across~~lop~ becanse flatness affects the normal action of fall-sortil'ig. 

That flatness varies lilOre in a lateral direction than downslope may 

be a result of non-uniform dissectiorJ of the .free-f~ce so that pockets 

of material with specific flatness characteris.tics will develop u..'1der 

different sections of the rockwall.i 'Cniformity of shape variation 

here. indicates ~hat dissectio,p. of the .rockwaU a1tl 1:1-ll of ~he expos¢ 

.. bads within it .is 'lll1:1.forr11, creating an assortment o.f shapes. which .are 

deposited alongside each .other. .It· appears_tte.n that. there are 

certain trends in size and shape characteristics of rockfal.l~ominated 

slopes, which can be discovered by the use· of the relation~hip s:tatistic 

when ordinary test results are not especially instructive • 

. Vector analysis of the 87 debrj.s samples f'rom rockfa.ll-dor.d.n.ant 

. slopes indicates that only 22 of tnem, ie. a mere 25~ display a preferred 

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

Directional Preferences of Significantly-Orlented Samples on 

Rockfall-dominated Sloues 

SAMPLE SITE NEAN VEc·roR SLOPE LWEL OF 
DIRECTION PREFEF.ENCE SIGNIFICANCE 

---
C11 top 1 262° c .08 
CL2 top 1 222° D .05 
CL4 base2 138° D .09 
CL4 Jllid 2 143° .. D .01 
CL3 mid 1 85° c .06 
·cLJ tO'p 1 . 139° D .05 

. nu· base 2 175° D .• 07 
I..~1 mid 1 265° c .01 
IN1 · mid 2 .137° D .10 

CAS1 roid 2 88° c .06 
CAS2 mid 1 2510 c .07 
CAS4 base 1 93° ·c .08 

·-
RK1 top 1 87° c .05 
RK2 mid 2 141° D .06 
RK2 top 1 49° c .07 
RK6 mid 1 . 4J0 D .10 
RK6 .mid 2 35° D .01 
RK9 base 1 144° D .10 
RK9 base 2 70° c .07 
RK9 mid 1 9'2..0 c .05 
RK9 top ·2 232° c .07 
RK10 mid 2 185° D .. 05 

C: cross slope 

D: dm-mslope 



eight of the twenty-two samples are ·significantly arranged at the n1ol'.·e 

stringent level of a = ,05, and ai1''3of these'. are found in the up.per and 

middle slope. zones. At the a = .10 level of significance 11 of. t..lie 22 

samples are found in the nrltldle slope zone, ie. 50f:,, Preferences for 

either downslope or cross-slope directions are approximately the same 
.. 

over the slopes. The diagrams of figlll'e 15 do indicate, however, that 

cross~slope orientations are much more strongly aligned than are the 

. significant do-vmslope-oriented.- samples. 

On the-sc slopes it-seems that debris found in the middle zone 
:.. - ·, . 

is more likely to bear a significant directional preference which may 

be either dm-mslope er cross-slc..pe, dependir1g upon whether or not 
. . .. . 

··Sliding 01• rolling takes place. However, surface roughness. greatly 

affects tho degree of orientation,: since a smooth, densely-1~wked 

surface-will allow-bliding or roJling to occur with little interference, 

and" preferences will therefore develop. It is· the niiddle·slope zone 

which first presents surface resistance to large1·-sized material 

moving do'i-mslope and thus may bring th$m to. a ha.lt. A frictionle~s 

surface is more often found in the upper slope zone because of the 

small size of materj.a.l ·there-; and significant·orientations are also 

likely to be found here. The diagram of downslope orientations in 

figure 15 :n1ay reflect °!:-he. influence Of surface rouglmes~ t .f:?.Specia.lly in 

the middle zone; for the final position taken by roll5..ng material here 

will be= a.~fectecl btJ a. blocky surface. The crcss•slope orientation of 

the long a.xis, associated with rolling and bounc"ing of debris• will 

be rotated downwal;'Cl but will rarely ~each 180° _(downslope) _because 

of the high frj.ction encountered. Figure 1,5a: .5.ndicates- this wide 

variation from the downslope position, 



.93 

The low number of preferred orientations found on rockfall slopes 

(25;0) is explained then by surface friction encountered by falling ' 

material, That the directional preferences are split between downslope 

and cross-slope reflects the equal likelihood of sliding along the 

'A' axis or rolling about the 'B' and 'C' axes of debris after it 

falls onto the slope. Orientation of :ma.te1;ial by itself does not 

then appear to offer any major clue to the process which dominates 

these slopest rather it must be related to prior i.~formation and 

observations. 
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Figure. l 5 · 

Alig-.mnent of significantly-oriented samples on Roq~fall-donrl.natecl slopes:• 

A,, downslope; . B1 cross-slope •. 



A. 
DOWNSLOPE DIRECTION= 180° 

B .. 

CROSS-SLOPE DIRECTION=9<>° 



CHAPi'ER VII 

SLOPE MORPHOI.OGY Al\'D RUNNING WATER 

. (1 ) The Process 

The collective term "running water' .. incorporates the processes 

which ~e.quire substantial quantities of water in order to become 

influential in slope alteration and development, The category has 

two primary components in: the study ai•ea: subsurface and surf~.ce flow, 

with common sources be:i.ng the melti:'lg oiboth snow a~d perni.afrost 

dtl.ring early sun!lller~ 'i'he riature· of removal, transportation and 

deposition of s~ope material is a necessary pa.:rt of this discussion, 

which "includes slus~ avalanches and flow phenomena requiring initial 

saturation of snow or debris by meltv~ater, 

The importance of meltw'3.ter on debris slopes has been 

generally disrega.rded in previous work, but observations of its 

characteristics in the study area indicate that it is worthy cf 

attention. Heltwater first begi."ls to flow during early June o;,1 

southwest Dev.on Island when daily maximum te111pe:ratures begin to rise 

above the fre13zing point, Neltwater is primarily derived from ab~ .. a.tion 

of the surface layers of wiriter sr1ow accumulation, and its first effect 

is to permeate downwardf.: jnto the snow body, Saturation of snowpatches 

located in rockfall funnels or chutes in the rockwall may result in 

slushflow, i.'1 which a tongue of satu.N~tocl sno-w· fiOW.!> downslope and 

inccrporate:-5 debris within j_ts flow as it moves downslope. 

Occasional +32°f temperatures eventually giYe way to a p~:rj_od 

9.5 
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of sustained above-freezing tempsratu..r·es arid result. in a perj.od of 

1naxirnum snowmelt. This is a short .. period during which peak water flow 

conditions preva.il.. During this period surface snow largely disappears 

and subsurface permafrost begins to melt; but it is when the two forms 

of meltwater 8.re being produced· simulta.neously that most of the work 

of running water is accomplished and most "of its a"ssociated ~eatures 

are formed.· On southwest Devon Island the 1970 maximum melt period 

occurred between June 25· ar.d July 15, allowing a.ppi"Oxirnately three weeks 

for the lllelting of the previous winters unusu,ally high snowfall. 

observed during this time, the.influence cit running water on debris 

slopes was co:nsicfored o~-erwhelrr.irig in ir.agnitude • 

. By July 15, most of the. surface snow had ablated, leaving only 

the meltwater derived from: perennial snowpatches a.nd the gradually-

lowering permafrost tablew Rates .of melt for the perffiafrost table 

decline, however~ with :lncreasir.g depth of the table because the ever-

increasing thickness . Of. debris CO-ver beco1ries increasingly lnore 

effective a.s an insulating layer• B°'J late sunm1er, then, surface runoff 

ha.s been replaced by an e-ver-dinrl.nishing subsurface flo'i-r of permafrost 

meltwater. 

(2) Obsel:"red F.fff~cts of Surface ~·rater Flow 

The presence of r1..1r.ning water on debris slopes was most strongly 

felt ~long the present cliffed coastl:L~e ext~.nd;ng from Cape Ricketts 

to northernm::ist C~pe l.iddon·. ~The nature of SUJ;'faca r~off is best 

illustrated by observations taken from Cape Liddon .slopes, while .the . 

various erosional a:nd depositional features are descri"ted as they 

occur :at both Cape Liddon and Cap13 Ricketts •. 
' 



The advent of sustained abtttve-freezing temperatures after 

June 25 caused plateau-deriYed. 111eltwater to concentrate its flow down 

the natural gullies and c1•evices created by rockwall dissection. 

Since these gullies often lead into rockfall funnelS 1· • many slopes 

were affected by concentrated gulleyir1g or meltwater. The flow tended 

to be sporadic in nature, as streams were seen to emerge and disappear 

at differ~nt stages over the s~me slope. Entrenchment is accomp~nied 

by surface erosion of the pe1~~frost table which is.very near the 

slope surface at this time. In a1•eas of thicker debris accumulations, 

streams often dispe1·sed ~Ster . ent~l:'ing th~ material. I-ieltstreams all. 

reached slope base eventually, either flowing straight dovm tc.' base 

or emerging in ?iw.ny rivulet fc:rrns at the slope-beach interface. vJater 

was then observed to cross the s~oref ast ice and carve deep meanders 

into the sea ice as it str0~med out into tidal cracks or leads. Plate 

12 portrays the gulleying action cf m.eltwater in operation. The 

gullies carved out in this f ~shion were observed to dry up following 

the cessation of meltwater flow end serve to accumulate and channel 

rock debris downsl0pe <luring the su~ll.1lar months. Occasionally they ~..a.y 

become inf'illed. 

The surface :runoff is sim:i.la1•ly an important a.gent of 

transportation and.deposition of slope debris. Along Cape Lid.don mar.y 

high velocity streams were ca1'rying down organic Ir..atter, exc1·etions 
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and ot11er litter from the extensive gull rookeries ·high in t.he cli:tf­

face. 1''rom the slopes, meltwater transported frost-shattered fragments 

from the slope necks down to the ba.se and deposited them on the snow 

an:! ice covering the slope in this area. Samples of this deposit have 

been analyze.d ·anJ. compared.with samples taken from the slope neck above 

it. 
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In a similar manner a horseshoe-shaped snowbank extended across-slope 

at the base of slope CIA arid was capped with fine-sized debris. In 

1969 this slope had been covered in one particular basal spot by fine 

sand and silt overlying the slope debris. Its origin was uncertain, 

but from observations of this snowbank featm•e in 1970 it was possible 

to a:scribe the ori.gm to ·ablatj,on of the snow and subsequent deposition 

of the rria.teria.l which had flowed onto it from the adjacent slope. This 

material was also analyzed.· for size distribution and the results follow. 

·. Figure 16 ·shows the size .disti:ibution curves of both ·sets of 

samples. Sieving was performed do~m to +4.0 phi (.0625mrii) diameter. 
. .. 

The curves of both Cl.A samples ~re eimilar i.11 appearance although the 

basal sample contains much less coa.rse material. Since the basal 

deposit was derived from the ndjacent slope, it is of no real 

con~equence . that non-pare.metrj._c Chi-Square testing proves the two 

samples significantly different in sjze distribution at.the .01 level 

of alpha. The c~e does howeve1• .indicate the size range· capable cf 

being transformed downslope by flowing when saturated.. Silt and clay 

fraction of the samples is small, comprising less than 1 % of the tot81 

weight; while the u~jority of ma~erial is in the -4.0 to 0,0 phi size 

rangE!• 

The differences between samples at the top and base of slope 

· CL2 are quite distinct. '!'hey are significantly different in percenta.ge 

size distributions at the .01 level of alpha, and their curves are 

highly contrasted. Very little coarse debris is found in the basal 

·sa1nple. while silt and clay ·comprises 18.J% here compared to only 4.2% 

of the upper sample. Heltwater then appears· to selectively transport. 

fine::..sized ~s.nd, silt a?1J:1 cl&y downslope during the meltwater period• 
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Figure 16 

Size distribution curves for meltwa.ter deposits a.n:l debris source areas. 
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leaving the coarser debris behind. 

The carving of gullies on slopes by surface meltwater streams 

ha.sin some areas.of Cape Liddon been responsible for the deposition 

of fans composed of coarse"."sized debris at slope ba.se. These fans 

often prove only temporary if built over the shorefast ice; but where 

they are de~eloped farther back behind the highest storm ridge they 

d,o tend to be positive contributions to slope development and profile 

change· by extending the slope foot or in some cases covering a former 

basal-out section. 
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An additional ef.fei::t of surface runoff ·in the peak melt-period 

is the saturation of snow by rneltwater to ca.use "wet" or "slush" 

avalanches. The snow is ofter! locate-cl in r.:>ckiall fmmells or on the 

edge of the plateau surface and if the deposit is large enough the 

saturated snow will eventually begin to· flow downslope• A sporadic 

process, it may be an ;:i,v~lanche or simply a 11flow" depending upon 

the qu~ntity of snow i.!1VO~~ede There were many indications of slush­

flow· activity on Cape Lidd.on slopes du1•ing the initial phase of the 

peak melt-period, such as the tonB"Ues of dirt-and-debris-laden snow­

balls resting at base (plate 13). The debris, generally less than 

50mm in d:tameter, is .mcorporated int.o the slu.sh as .it flows downslope 

and ends up as constituent material. On a larger sea.le a slush 

avalanche had taken place along the coast. east of ·-Cape Ricketts. Plate 

14 indicates the enormity of the avalanche an:l. the a:r.:ount of :material 

it picked up as it descended a large meltwater gulley f~om the plateau 

surface. The avalanche deposited material over beachfast and sea-ice 

to a distance nearly 100 metres offshore. Such ·a feature is not 

likely to bo common ex~ept j_n the lmusual cojncidence of ci. high 
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to form a mound. The characteristic tram,,re::rse "cr::icks" which run 

behind them are formed after the silt and clay mounds have accumulated 

to sufficient height to force subsiding meltwater flow along the rear 

of the features, parallel to the mound crest. Those mounds generally 

extend laterally across the whole base of the debris slope. These 

features are more comm.only fo1.md on the low-angled slopes between 

crests of raised beaches in the study area. 

Debris "flow" .is also associated with subsurface running water 

and is common to the Inland plateau edge and Cape Ricketts areas wM.ch 

are similar in slope angle and state of development (VIII, (1)). The 

process can be termed a. flow :movement uhich is very sfa:ilar to mud.flow 

or ear·thfluw phc::nornem:., b'.it is referred· to as "debri~ flow" for 

purposes of debris sl<'pe studies simply because tl10 f or:r:ier terrr.s l!'.ake 

specific implications a.bout tho type of w.aterial involved (Ga.rJner, 

1968). On low angle slop9s, especial_ly talus cones affected by snow 

avalanching, debris flt')WS have been occurring with i-egl1larity. 'I'he 

process creates a loba:i:.e feature called a decris flow lobe. which 

stands clearly as a surficial deposit·on tho debris slope surface. 

(plate 15). The lobes sam.pled :i.11 tr~e study area a.1·e s!-1ovm in figure 17. 

They have. frontal lobes which are more ir1~egular 2.1"!d. broader than slide 

tongues, ranging from 8 to 12 metres in width. They ara also lower in 

height (0.22ro. to 0.26rn). The highest point. occurs at .the lobe front 

itself. Their surfaces are generally composei of tines with 

occasional large slabs "\~hose s:i.ze r·anges from 21 Bm:m to .528~:m1 in length. 

The slab orientation is in a dmmslope direction but tends to follow 

the axis or nciw oi the lobo. 

Lobes Ara cc!fl..m!:mly E>.ssoc:tated with surfa.ce n:eltwate:r gu...llies 
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which lead into them from upslope arli".-as where fines accumulate. These 

gullies are not evidence of surface ru.""loff b'..1t are evidence .of a debris -

fiol-1 which carved its ot-m channel downslope. . on· many lo bas, "ripples" 

are.displayed on their surfaces, appearing as small wavo fronts 

proceeding in an upslope direction (plate 16). The ripples sampled 

are not very distinctive on the surface, having heights ra1lging from 

• 095 to .135m a. t the frontal "lip." The fror1ts of t.-wo samples were 

1.5 a.rid 4.2m broad. The ripples appear covered on the surface by much 

debris which is srria.ller in size than the lobe· surface slabs mentioned 

above. San1ples ·or the material composing the ripple fronts were taken 

for comparison.with w.aterial composing the lobes themselves, and are 

discussed i..,,ter in th.is sectiou .. 

Slopes on which lobes occur a:re composed of an upper 

accumulation zcna of fine-sized debris which is loosely-}la.cked~ This 

situation e:ri.hances saturation by sub5"i:t1 .. face meltwater seepage, 

especially in the early part of the peak melt-:Pe1·iod when the permafrost 

table is close to the surface. Within the fines, resistance to shear 

is overcome when the material lond is il1creased by water; thus the 

shea.r force is increased and the· lubrication effect of water j_s 

·sufficient to reduce tha coefficient of friction between particles 

(Strahl.er, 1952). The mass then flows downslope in lob3.te fcrm, 

leaving a. carved channel in its wake by i.-ricorpo1~atir1g debris in its 

path. Velocity of flow is greatest dot-m the fiow axis ·and weakest 

at the lobe sides. When the cessation of moveme.nt occm•s wave fronts 

on the surface n1ay develop. Some lobes have been dissected. by surface 

r'lllloff, which takes ad-vant..ige of the cha.tmels created ar::d uses thom 

to furmel snm·nnelt er rainwash downslope.· 
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Figure 17 

Plan form of sampled debri!3 flow lobes and leitee systems, 
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They may be used again as courses fo;r. subsequent dE;ibris flows; and 

when this occurs the features known as debris flow "levees" are often 

created on the channel sides by tile overspilli11g of flow rr.iater:i.al 

(Sharp, 1942). ·A single debris flow of large proportion ma.yalso be 

responsible for a leveed channel (Gardner; 1968). These forms have 

·been observed els~where in Arctic areas (Rapp, 1960a; Stock, 1968) and 

in the Canadian Rockies (Gardne1•, 1968), where they are att;ibuted to 

heavy r~-~falls. · H;eavy rains ~re unusual_ in·tha High ~retie, and in· 

the study area sD.tlJ.rated flow is believed due to unusually heayy 

w.inter snow accwm.D-ation, all of__wl:i;lch melts in late spring. E.ach flow 

leaves several lobate deposits at the mouth of the gullies, and levees 

which are high d-epositional forms on the coarse:t• talus sw;face (plate 

17). Several trends appear from the study of the levee system on 

· slope RK?. The size of debris slabs on levees i.~creases upslope, since 

larger slabs will be dcp(>sited early in a flow. Levee height generally 

decreases upslope, and on those measured, the highest point was 

attained where the flow lobes eri:erged from. the gulley. Levee width 

also decreases upslope, from approximately 4.5m to 2.5m. On R~( the 

left levee continues upslope an ::i.dditiona.l JJm after the opposite lobe 

fades out; and the left lobe is 3.6ru wider and O,J6m higher than the 

right at rnid-slope. At the lower ertd of the levee system, tha right 

levee is widei• and higher than the left, 

The type of material within levees is predominantly fj.ne-sized 

material impregnated with large blocks. The size ranges from pebbles 
·, 

do~m to fi..11e sand,· with 4. 9'fo of a sample taken· being silt and clay. 

The le\"ee sample distribution was found not statist5.ca1.1y different 

(at the.significance level of .01) from that_of the lobe at its base (D). 
' 
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Size distribution curvt::s for, the. _lob~. an::l.ripple.samples are 

shown in figure 18. Most material is in the range of cobbles to very 

coarse sand, but the percentage of silt and clay varied sl~ghtly. On 

. lobe A ·it is 4.8%,-on iobe B" it is 4.7cfi, and on lobe ·n j_t i~-9.9;t~ It. 

is less than 1~ on lobe C because the lobe has 'Peen affected by 

meltwater dissection which has removed much of the fine fraction, On 

lobe D it is high because of the g::.'eater amount of activity occurri."lg 

here. A non-parametric Chi-Square test performed on the ripple 

distributions showed no difference between the two; but when.tested 

against lobe A th~re is a difference bet.ween ripple and lobe 

distributions. Analysis-shows the-ripples to contam smaller silt and 

clay fractions (less ·than 1%). and higher quantities of coarse debris 
... 

than lo be A; and. thus they mu.st have been. the products of movement. of · 
only the upper layer of surf.ace debris on the slope• 

Subsurface ru."loff has been . studied in· the coastal zone near 

Cape Ricketts, The pa.ttern arid rate of flow have been studied by 
. . .. 

tracing water movement with Rhodandile BJ.\! dye (40%;-solution) on three 

separate slopes under varying. conditionso:t meltwa,ter flow. Profiles of 

the three cones selected are shown in Appendix II (2). 

Figure 19 mdicates the waterfall flow pattP.rns. On slope Tl 

the subsurface course was to the left of the slope anr.l. down below the 

inter-cone depression. The rate of flow increased from point B:i. to c1 , 

which- is due to a greater slope gradient in the direction of ·the. 

depression, Waterfall meltwater was not traced elsewhere, and flow 

observed in sites downslope is belieyed to be permafrost-meltwater. 

On slope T2 the waterfall followed a ·sir.1ilar course i.vi flowing 

directly off the cone edge and down the inter-cone depression •. 
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Figure 18 

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

Subsurface meltwatt~r flolf: p<>.tterns. 

A is waterfall test; 

B is snowpatch meltwater test; 

C is pe;r1T1..afrost meltwater test. 
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The dye appearoo only :in a· ticlal crack offshore, having completely 

bypassed the network of sample sites on th0 _slope (plate 18). 

Rates_ of now shown by _table 6 indicate lfigh velocities for 

the waterfall flow, which increases rapidly when the water ·enters the 

inter-cone passage. It is likely that snowpatch melt from the 

adjacent slope neck is contributing to the volume of water p~ssing 

down the depression, 

Patterns of flow for. sno~rpatch llleltwater are also shov.r.n in 
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:figure 19. . On the two slopes T2 arrl TJ, 1 OOml of tracer dye was spread 

laterally in a. trench dug across th'3 cone neck. On T2 · sorr..e downslope· 

flow occurs to the right, but it is drawn off into the inter-cone · 

dep:t>ession after cnly 20m of flow. Gn· the -left. s:1de the water flC'ws 

40m before running into the inte:!.·~cone dep1·ession on its left, Water 

which appi:-...a.rs. elsewhere OV$!' the· s+.ope is _atti•ibuted to meltil'lg 

permafrost. On .T3 tha flow is off slope to the ihter._cone depression 

somewhere beyond 20 metres do~rnslo})e• No dye was. trace.<l on the right 

side of the slope, but it is likely. channelled off to the right, Rat.es 

of flow are generally loH;:ir on T2 tha:a they a-re for waterfall flow, 

ranging from 100 to 125cni/n1in; on- the ·upper left o:f the ·slope, and 

.only ;,6.4cm/m5.n. on the right -(table 6) •. On T3 the iriitial flow was· 

·222crrJm:Li •• but upon reaching the inter~riorie· depression its rate 

.. increased to 8J:3c:m/min. 

The permafrost-melt test was performed in August on slope 

. T2,. and its noi.r pattern is shown in figµre 19. . Dye was first placed 

~t level B; but when it failed to appear dO"" .. rnslopai e..fter several hours, 
. . 

an eqt.t,!ll amo1..:11t of dye was placed at a· 1owe1· level. D. · Although water 
,. 

was observed to flow out from base, no dye appaa.r-00 from D level", 



TABLE 6 

Rates of Flow for Subsurfe.ce Meltwater Patte1·ns 

TEST SLOPE SAM?LE POINTS DISTANCE TFAVELLED .· TilrE OF TRA \TEL RA.TE OF FLO}i' 
(met:t"es) (minut0s) · (cm/mi..'1) 

Waterfall ·.r1 20 24 8J.J 

.Melt T1 20 16 125 

T2 At to tidal crack 100 JO 333 

- ~- ' 

Snowpatch T2 . Bi to c2 20 20 125 

Melt T2 C2 to D,, 
4. 

20 JO 100 

T2 33 to C4 20 55 36.4 

T.3 Ai to Bi 20 9 222 

T.3 Bi to .D1 50 6 833 

' ...... 
·o 
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· 2Qm upslope• · It· then appears· that. ·permafrost ·meltwater a i:. t.his' time 

of year. is slower than in the peak mel,t-period becau:;;e the permafrost 
. . 

table is niuch lower and. thus ins~ted from heat.by a thicker debris 

cover. Tracer dye must move through more debris at a. slow rate, arid 

. it consequently adheres to the surroUnding material. The permafrost-

melt has no defined flow pattern and is likely derived- only from 

localized catchment areas. 

(4) Profile ar.d Deb1 .. is Characteristics 

Surface meltwat~r of all kinds in the melt-period is·responsible 

for the downsl·:>pe transportation and deposition of large quantities cf 

silt and clay at slope base. This fine fraction is deposited on the 

beachfast ice at Cape L:tddon and is thus removed.-from the: area when· 

the ice breaks up. Some silt is blown away by wilds when d1·•y; while 

silt :which adherefi to_ beach :gravels i~ washed a~:ay when_ open.;.water 

·conditions arrive. At the other -three localities, the silt- accurnu.lates 

at base in the absence of removal processes and forms thick silt 

carpets. 

Sub~mrface meltwater ac_=t.ion would not be effective without· 

the variations of the perrr..afrcist table slope. The sam.pl~ poi.."lts from 

tracer studies indicate that when talus debris has no signif'icant 
. . - .. -. . . 

lateral varia~ion in.size, then the cross-slope profile_ of t~e under-
- - . . 

lying perma.frost will cor11plenlent that of the overall slope cross-profile. 

The exception is when large bloclcs occur· to create a deeper .perlT'Afrost 

table, due to large interstitial spaces which allow warm ~ir to 

penetrate deeper• In the waterfall tracer tests the water flows at 

. high velocity and seeks out the steepest gradient; thus it follows 

. ·.· ... 
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the natural depression caused by convex· e;;clgBs of tvio adja·ce2·1t talus 

cones. With no flow observed in the centre pits (fig. 19) 1 results 

of snowmelt tests indicate that the permafrost table profile seems to 

be conducting meltwater off to the s·ides and do\.mslope. The water 

entering a slope, ·then, does not necessarily flc;w in sheet· form dowr.slope, 

but is con~entra ted into rivulets by the perll'.afrost "micro-relief." This 

concentrated flow is less effective i~ late stunrner because the 

permafrost table is lower and Sll'Aller quantities of water are available 

to percolate through an increased volume of debris. 

All the various types of flow affect only a SI118.ll sector of the 
' ~. . . 

slope, but at the sallie time they all enhance the slope profile by 

removing subsurface fi.J.es to tha µiter-~one depr1Jssions and downslope. 

Snov:rpa.tch mAJ.t"t··ater follows a flow pattern dictated. "uy the permafrost 

micro-relief. Since the volune of water is less,. then water is less 

channelled and so i-t flows further downslope before veering to the left 

side. That the fiC'lw on slope T2 goes both left and right but not dm-m 

centre again reflects t,'ie control axerted by a convex permafrost table. 

On TJ, the perrr.a.frost relief is more varied, with a steeper gra.dient 

towards the left; ar:c'!. hencG t:1e sno;-nnelt flow on TJ is to the left only. 

Thus the mid--slope areas of a talus cone are not subjected to as much 

meltwa ter pe1"cola tion as the cone sjdes, which means tha I:. more chemical 

erosion and transportation of fines down the sides is enhancing the 

cone·' s surface profile, During the melt·water period then, subsu.i .. face 

flow becomes an erosive and transporting agent iniportant to the 

development and maintenance of ts.lus: slope profiles. Talus sheets, 
.. 

howevers a.re :more likely .affected by ·slopewash fr.c!ll melting snO"..r 

than by channelled su'Qsu.rface_floi-r. 
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Running ttater-dorn..i..nated slopes are those whi"cll· a.re . obse!'lred to 

have been recently affected significantly by surface or subsurface 
. . 

runoff and by slush or snow. avalanchi.-rig, The· latter process was not· 

· actually·seeri on many slopes, but it is suspected that·cones RKJ; 7 
. . 

and 8 have been influenced in their development by slush avalanching. 

Their low angles, rockfall chutes, smooth surfaces and extensive 

boulder aprons are j,ndicators of this activity whic_h have been cited 

Twenty profiles are derived from running water-dominated slopes; 

. ancL of .. these.., concavity is :the most dcnrl.nant form recorded. (table l ) •. 

Nineteen of twenty, or 95'% of the profiles are completely 01· 

predomiDantly concave; while the remaining profile has equality of 

convexity and concavity. This exception· is found at Casw·a.11 Tower, 

where the slope in question has exp~rienced extensive slump action on 

its long talus foot, addir•g a .convex element to .the ,slope. On other 

slo_p~s_, sluspflows and sl~$h. ave.+af!ches. swe_ep debri~ cmt Qf the. s;J..9pe 

mid-zone, contributing to the development of concavity by extending the 

basal foot. Smaller processes such as debris flows and minor slumps 

will involve only·a. small proportion of the total slope area and may 

not therefore be espec~lly impo;.~.tant in affecting_ profil~ on some 

slopes. In that case the be.sic co~c.avity _Prod.~ced by_ roc~a::!-1 activity 

· w:ill remain unc!:-..anged upon these slopes. 

Mean angles for these profi..1es reveal that the Cape Liddon 

slopes are steepest at 37. ·6.~ Following in steepness are Casi"!:lll Tower; 

Cape Ricketts and Inland plateau sl.opes. Surface a.nd ~uosurface we.tar 
. . 

activity are the only ~.ajor running water p~ocesses observed at Cape 

Liddon; and because of the short slope lengths a::'l.d paucity of debris 



accmnulat.ion here, thes·e activities do not alter the basi~ steepness 

of these slopes but.may even enhance it. Caswail Tower angles are 
. .. . 0 

lower at 33. 3 , sil1ce the slopes sampled are drawn not only from· the 

steeper seaward-facing slopes but also from those more highly-

developed and longer slopes on the other sides of the Tower. The mean 

angle of all slopes at Cape Ricketts is 29.4°,. a value approxirna.tely 

4° lower than the Caswall •rower mean, and which includes three slopes 

which are slush avalanche slopes. Hence the locale mean is reduced .· 

from that of Caswail Tower slopes which are affected :mainly by fiows 

and slumps. 
0 

The Inland locale mean for angles is a low 20.9 , and is 

due to the fact that tha two sampl6s are both slush avalanche-affected 

slopes. The only recent activities upon them. are debris flow and 

subsurface meltwater activity. 

ANOVA test results for size and shape characteristics 

(summarized in table 7) show that. of the 10 running water-illfluenced 

slopes, only four.are homogeneous in both size and shape variaticn, 

These slopes.are first discussed according to the size 

variation found on their surfaces. Four bear significant size. 

arl'angem-ents, all of 1:Jhich are zonal. Two of these also have both 

zonal and lateral arrangements which are· significant, but the eta 

values show that size is more highly correlated with the former than 

the latter. on the slush avalanche-affected slopes, of which there are 

four in the study area sampled, the melting of the snow leaves a wide 

range of transported slope debris (Gardner, 1968). Size:: variation 

should therefore be homogeneous on these slopes; and in fact three of 

these do· show this characteristic. Cojncidentally, these three· slopes 

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



TABLE 7 

SUtrllllary of Test ~nd Relationship Statistics for ANOvA of Debr~s Size arid Shape on Run.~il1.g 

Wa. ter-dominated Slones 

Slope SIZE FLATNESS SPHERICITY 
Location Between Zone 'F'. Botween Lir1e 'F' Between Zone 'F' Between Line 'F' Between Zone •F' Between Line 'F' 

(eta) · (eta) (eta) (eta.) (eta) (eta) 

CAS5 4.ss+ o. 01ns 0.22ns 0.18ns o.6,5ris o.1Jns 
(.18) (. 005) (~OJ) (.02) (. 06) ( .01) 

CAS6 2.C6ns o-.87ns 0.22ns 4 * '.98. 99.76+ :106.57+ 
(.12) (.0.55) ' (.·03) c.1:n (.63) ( ~52) 

CAS? 1.91ns 1.27ns o.69ns o.29ris· 1.58ris o.62ns 
(.1 t) (.06) (.07) c.o:n (.10) c~.o4) . --

CL.5 61.46+ 25. ?6t ' 0.01ns O.O.$ns o.12r1s 0.08ns 
(. 39) (.28) (.oo~) (.014). (.03) (. 01) 

* 
.. 

!N2 J.Jl o.73n.s o.·33ns o. 96ns 0.75ns 0.71ns 
(.15) (.04) (.04) (.05) (.07) (.04) 

'23.48+ 53. 99+ ' 
·' 

IN4 1.16ns o.40ns 1.05ns J .• 68ns 
(.09) (.03) (. 37) (.39) (.08) ( .11) 

.. ,_, 

.. 



Slope 
Location 

RK3 

RKl.i. 

RK? 

RK8 

·Table 7 Continued: 

SIZE 
Between Zone 'F' Between Line 

(eta) (eta) 

1.16ns · O.J9ns 
(.09) (. 0:3) 

1.52.ns 1.86ns 
(.10) (.08) 

10.63+ 5.20* 
(.26) (.13) 

1.16ns 0.,59ns 
(.09) (.04) 

+ssignificant at .01 le'tel 

·. *a significant at • 0 5 level 

nss not significant. 

. •F• 

.. 
FLAT}."ESS SP'rlERICITY 

Between Zone 'F' . Between Line 'F' Between Zone 'F' Between Line 'F' 
(eta) (eta.) (eta) (eta) 

O.JOns 0.28ns 0.20ns o.62ns 
(.04) (.OJ) (,03) (~04) 

o.25n.s 0.14ns o.15ns 0.01ns 
(.04) (.02) (.03) (.005) 

t.6Jns t .8Ltns 3.71 * 1.34ns 
(.10). (.077) (.16) (. 06) 

o.55ns o.oons 1.07ns O.OJns 
(. 06) (.00) (.05) (.01) 



lateral values {.OJ-.04) • This ·~imi1:arity.my be indicative o:t a 

. coJl1l1lon effect produced. by slush avalanching; but in any case this 

process clearly tends to cr~te ~ homoger.1.eous ·size distribution over· 

the slopes it affects. ' 

Size analysis can be discussed at the level of individual 

localities. On slope CL5, both zonal and lateral effects. are 

significant. It is a meltwater gulley and an accompanying debris fan 

which-are. responsible for the lateral var~tion in size. How.ever the 

high.rate of accumulation of ·fines at .the cone neck.is.sufficient 
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to c'a.use zon~l variation; and th~s rockfall accumulatiotl has acted here 

to mcdifyi the initial lateral variation created by a running water · 

.p:rocess. 

The significant zonal effect on size on slope IN2 has an·eta. 

. value which is. the lowest r.ecorded. for that .effect on any of the tO 

running water-affect(.tl slopes. Thus even though homogeneity in size 

doe·s not occur here is it does on other· slush avalanche slopes~ the 

zonal effect is nevertheless Wef..ko 

In the Ca~e Ricketts locale only slope RK7 bears significant 

size arrangement, with both zonal and lateral effects being 

significant. This talus cone has been-affected by vigorous debris 

flow ~¢t:i.vity and levee for:ma:tion; and thus variation in size is 

attrj.but~ to zol'.tal differences created by flow lobe concentration at 

base and 1COarser levee and gulley deposits upslope. l.a.tera.l Variation, 

though less highlY associa~ed with size, occurs because the flow lobe 

activity is confined to one sjde of the con.e. 

There is :a trend on· all 10 slope~ for zonal a.r?'angement to 

expJ.2.:in a higher proportion of non-error variance than la te1·a.l 
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arrange:ment. Such a trend can b~ :~hognized by u.se of the eta 

statistics. Processes- like debl'.'is flows, gulley.i."lg and fan deposition 

then are capabie of. creating an ~p:pa.Tent siz~ variation. 

Flatness and sphericity were used to determine shape 

characteristics on the_10 slopes, and significant shape arrangement is 

found o:n three of them. Slope CAS6 has significant zonal arp lateral 

effects for sphericity (blocki'l'less), although the eta value is 
. . 

higher for -the former· than the latter. Lateral flatness arrangement 

is also slgnificant on this slope but has a lower correlation ratio 
- - . 

than either of the sphericity effects. The rockwall above this - slope 

is short a.nd has begun to w~ath~r into coarse, platy debris which is 

falling qnly a short distance downslope •. This a~u:mulation.creates 
I 

zonal va~iation in shape wh0n contrasted with debris further do~mslope 

which is being weathered in situ ar.d sorted by. slump acti-v~i.ty. 

Slope IN4_has significant flat:ness values for·both zonal and 

- lateral arrangements' and• iatel'.'al effect is slightly higher in 

proportion of variance explained. tha_n is zonal effect. Since spherici ty 

is more closely rslatei with size than is flatness (VI, (3)), we can 

assume that shape n-iay be homogeneous on this slop.a as it is on D!2 if 

sphericity is the paramster used for this slush avalanche slope. 

At· cape_ Ricketts the two slush avalanche-e.ffected slopes bear 

hor11ogeneou.s shape va.riations. Of the remaining two· slopes, RK7 displays 

a significant zonal arrangement in ·sphericity. This slope is the only 

one of ten which bears significant a.r1•angeroent in. both size and shape, 

and it is here attri'buted to the action of debris nows and levee 

development.. la.rge blocks r1?a.y tel'.:d to be deposit.re upslope in debris 

flow activity while the' less blccky deb::cis will be carried farther 



. do1•mslope. Blockiness then can y~;r3,::\Jl a manner related to size 

arrangement in zones when vigorous debr-is flow activity is present. 

Finally lie see that on 8 of 10 slope·s, znna1 arrangement in 
- . 

sphericity is more highly correlated than is lateral arrangement; and 

6 of 10 have higher correlations with zonal effect than with lateral 

effect and flatness. Two of the exceptions in the latter case OQcur 

on slush avalanche-affected slopes• 
.-. 

Vector analysis of the 60 sa~ples indicates that 11 of them 

have or;ien~ation preferences s:i,.gnificant at the .10 leVe:I- of. a_lpha 

(table 8). This figure con.stitut.os o:1ly 18.3%·of the· total nu."'liber ·of 

samples drawn, and the directional preferences are near-equally_ 

divided into 5 dmmslope and 6 c:.i.'oss-slope cl:i.rect~ons, A more 

stringent test level of a =.05 shows-that only 3 samples are 

signi:r?-cantly or~ented, 8:r.d they are shar-ed. b.Y:_ :al~ zones and both 

directions on slopes. J:i"'ifr,"Ure 20 indicates that significant downslope 

orientations are more strongly·&lign~- than cross-slope orientations. 

119 

' Onl.y one slope, IN2, registers preferred orientation in all three zones. 

Debris. flow lq"Qes a:t one· ~ide of the slope base are attributed as 

causes o.t the dm-mslope orientation found at base. The cross-slope 

.preference i'rl the ·upper zone .is likely due to the effects· of chance, 

since . .ava:lanching should. not.be-responsible ·for-any.preferred orientation. 

There.are. three- slopes which display ·preferred o~ientations in 

at least 2 of 3 zones, and it is of interest to note that these are all 

slush avalanche-affected slopes (table 8). On these slopes.· surfaces 

are smooth and compact, and thus provide little resistance to 

rolling or sliding~ 



TABL:!; 8 

Directional Preferences of Sigriificaritly-OriE:nted Samples 

SAMPLE SITE 

CL5 mid. 2 

rN2 base 1 
IN2 mid 1 
IN2 top 2 
INJ base 2· 
INJ mid' 1 

CAS7 base 1 

RK4 top 2 
RK7 base 2 
RK7 top 2 
RK8 mid·_ 2 

C: cross-slope 

D: downslope 

on Running 1rlate_r-dominated Slo_E.!3s ··------· 

· MEAN VEC'i'OR 
DIRECTION 

80° 

SLOPE 
PREFERENCE 

c 

D 
D 
c 
D 
c 

·----------· 
187° D 

D 
c 
c 
c 

LEVEL OF 
SIGNIFICANCE 

.10 

.06 

.07 
.• 01 
.05 

.01 

.07 

.09 

.08 

120 
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Figure 20 

Alignment of significantly-oriented samples on runningwater-doniinated 

slo.pes. A, down::ilope; B, cross-slope • 

..• . - . 



A. 

DOWNSLOPE DIRECTION= 180° 

a. 
CROSS-SLOPE DIRECTION =90° 
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Preferences are more likely to occur on these slopes, where 

avalanching acts as a smoot:P.~g agent. On others, however, where 

processes of lower li"..ttgnitude occur, preferr6<l orientations develop 

only within the periphery of the _small surface area affected; thus.the 

expected number of_ preferred orientations is low, 



C!iAPrER VIII 

INTER.4.CTION 

(1 ) hocess .and Geometric Form 

The latter sections Of the previous three cr..apters have gi1ren 

consideration to "the effect cif each-of.the three process groups; on 

profile cha.ract.eristics. .It is-now de.sireable to consider .th~se 
.. 

characteristics in 8. perspective which allows comparison . of those 

varied effects. 

Slope angle values associate4 with _speci:~ic proc_esses were 

re-grouped· according to ·study locale airl subjected to a series of 

Mann-Whi tnE)y U tests, <I>a.ra.metric tests being inapplicable 9_onsider:L'1g 

the type of data ~sed. Of the four localities,. Cape Liddon slope 

angles are significantly greater·_ than ·those of any ·other (at the • 01 

level) , regardless ·c,r ·dominant pr.,cesses (table 9). Caswall Tower 

slopes· are next in overall steepness, and are significantly greater 

than all but those -of. Cape -Liddon. ·rests also reveal no significant. 

difference bet.ween the· angles of Cape Ricketts and the Inlarid ·plateau 

~ ·-. · .. -

· There a.re two 1.uiderlying factors common to Cape Liddon and 

Caswall Tower, and both are rel.2.ted to their geographic. position. 

Both localities ·are in close proximity to the active sea level, and 
. . 

bot~ disp~ay steep, well-dissected marine cliffs, although Cas-..rall 

·rower is only pirtially subject.eel to these -conditions. In both 

locales, only certain slopes show present ·evj.rlenc·a of .marine abrasion, 

12J 
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TABLE 9 

Me.an angles o_f slopes grouped by locality and dominant process 

DOMINANT PROCESS 
LOCALE ROCKFALL RUNNING WATER BASAL EROSION 

Cape Li.ddon 35.72° 37.61° 0 39.37 .. 

Caswall Tbwer JJ.08° 33.29° 
\ 0 
36.87. 

Inland Plateau 32.5f' 20.99° 

Cape Ricketts 32 .. 27° 2~.42° 
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but in the past higher sea levels must have meant~ higher number of. 

Cape Liddon.slopes were affected by this process, ·The greater 

steepness of·the slopes in these two localities is attributed to-the 

pI'oximity of slopes. to :ruarine activity which by ice-rafting and· 

abrasj4on of debris accumulations has kept .cliffs uncover~ and slopes 

steep. The rion~seaward facing.slopes at Caswall Tower were pro'bably 

. no_t· affected by these ~ctivities, but· the fa~t that th~ population of 

··slopes sampled does include.these af'fected slopes·means that the 

.overall steepness f'actor.of .t4e locale ranks second.behind the. on.1y 

othe1 ... area where this process occurs ·raore fully. 

~hat slopes in the re~£.inj.ng lcoalitjes do not differ 

significantly 1n steep!!ess agrees with th~ visu.:i.:l similarities that 

appea~ to exist bet:.ieen them. Unafi'ectOC. ey recent··m.arine activity, 

these slopes have developed fuJ.~y to the point where ~11ost of· the 

are sir.tilar in types of process·which dominate them, and,special 

significance is given the slush-avalanching which has occurred in both 

areas. 

A second set of non-parametric ·tests was ·perfo1"'I1!ed on slope 

angles to 1 c~n:pa.re the effects_ of different processes ~ithin each locale. 

At both Cape Liddon D.nd Caswall Tm;rer, slopes a.ff ected by· Il"..ari;pe 
I 

processes: a.re significantly steepet· than. rockfall slopes (at the .05 

level) i but ·only" at Caswall 'fewer are they also:·steeper than slopes 

affected by ru,r>..ning water. There is: no differe;nce. in angles between 

the latter and basal erosion slopes at Cape Liddon. Simile.rly 

rocl.'.fall~omina ted ·slopes at bOth lo~ales do not differ significantly · 

i..'l'l. angle from running water ·slopes. 
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These results suggest an over-riding uniformity in steepness of all 

Cape Liddon slopes, regardless of dominant process, which is attributed 

to the proximity of all-slopes here to the sea. Removal processes are 

thus allowed to p:revent adequate debris accumulati<:ms on slopes which 

would, by basal extension, lowsr the angles of the slopes. Basal 

erosion appears to be tlre only one of the three major processes wh:i,ch 

significantly af'fects slope stea:pness .in Caswall Tower and Cape Liddon 

locales •. 

A:t the Inland platca1i and Cape Ricketts localities, where only 

two major process groups provail, rockfall-dominant· slopes are 

significantly steeper than ruriiling water slopes~ In thsse loca.les, 

processes connected -with running water hav-e been :much more frequent 

in occurrence and much more effective in modification of initial slope 

angles tl)ian at Cape Liddon Etl'd Caswall Tower. Signs of extensive 

debris now activity are common to slopes, as are those of slush 

avalanching. The debris shift a'}counted for by increased flow activity 

and ~valanching has caused signif:.cant reductions_ in _slope steepness. 

In terllls of effect upon angles, run:-iing water and basal erosion 

p1•ocesses are converse to each other. 

Non-par.ametric tests were performed a third time to investigate 

the differences., if' any, between slope typos (shee.ts and cones). At 

the Inland platea11 a:rd Cape Ricketts areas, sheet angles are 

significantly steeper than cone angias (at the .05 level}; but this 

merely reflects the effects-considered above in that all talus cones 

have been affected by soma type of running water process while a 

great majority of the1 sheets sa.mpl~ are rockfall-dominant slopes •. The 

diff erenc·es in steepness between slope ·types then reflects the- diff~rences 



found between effects of dominant processes. At Caswall Tm~er, cone 

angles-are significantly steeper {level.of a=.01} than sheet angles, -
- -

but here the cones ·are· dominated by basal erosj_on. which would -

account for the 4ifferences. Cape-Lid.don slopes ~:imilarly reflect_ 

process variations in that sheet and cone angles do not differ-

significan~ly. Pr0Vious tests found_ tha_t only basal eros;i.on slopes 

were s:t-eeper here .than others, but the fact that these slopes were 

both she~ts and cones -accounts for the la.ck or" d-ifferent~ tion in 

steepness found between sheets and cones in this locale. In summary, 

then, these series of tests reveal that process variations are 

refl_ected. in s;tope angles on slopes in the study Rrea. 

Comparisons have been made between these resul.ts and those -

from previous studies. Regarding slope_ type., Stock (1968) has_ 

suggested that conical·ta-1,us slopes-are generally steeper than-are 

talus sheets in hi~ Baffin Islarld study area; -- but M~s conclusions are 
. . 

based only -upon obser-,,ration of form. -Southwest- Devon findings are 

-based upon statistic8.l decisior1 as well as cbse:Wation, and neither 

support nor reject Stock'·s results but do suggest -that the latter has 

not given due consideration to the effects of process variation on 

slope types. 

The mean .angles of tabie 9 for rockfall: slopes c-0inpfy with -
- 0 0 - - - - - - . 

Ward's (19!1-5) 30 -35 range for d:-y, gravita.tion..,_1 slopes in south 

Brita.in and those of Andrews (1961 ) for Labrador slopes. Tinkler' s 

(1966) lmiting angle of- 36° for such -slopes corresponds with the. 

127 

highest locale n1ean recorded for roc~fall slopes _ in southwest_ Devon, 

These vs.hies are slightly lower than Behre's· ·(193J) ']6.-5° characteristic 
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angle in <:.lpine areas, but this is_ due to the. centralizing tendencies. 

of producing a .locale mean. Such compa:cisons. show that only slight 

variations in angles arise as a consequence of environmental 

differences, and that the cha:racteristic- angle to which rockfall. sJ.o.pes 

aspire i~ simil~rly about 36° regardless of envir'onment. 

Comparisons were made between Ra.pp' s. (1960a) Spit~ bergen slopes 

and those of ·southwest Devon affected by similar sets of processes.· Ih 

all case1, testirig_by hon-:parrunetric ANOVA_ has indicated no 

sign_ificant differences between each set of angles. The Spitzbergen 

valnes are slightly higher than those:of the stu::ly area in all cases 

and might be regarded as the .limiting angles for each set. For rockfall 

slopes, n1ean angles range from 33,1-1-0 to. 35.5°; while for running water 
. -

I • • • • • 0 . . .. 0 
and basal erosion slopes the ranges are 30. 3 · to Ji. o0 and J8.1 ° to 40. 0 , 

-respectively. Results support the occurren~e of a specific range of 

values for Arct~c coastal slopes affected by similar processes, 

The treatment of profiles in this st.my has been based upon the 

classifi9a.tion system in Stock (~968); but Stock's contention that the 

ere~ tion • of th~ various slope sta tistic.s (table 1) enables beneficial 

quantitative analysis. has not been reali~ed. With profiles treated as 

nor.-normal data, nu.-rnerous non-parametric tests were performed only to 

produce uniformity of results. The statistics were found :L'"lcapa.ble 

of sufficient differsntiati~n betwe~n ~orm on the various slopes. A 

compariscm of slopa "sums" between locales resulted in no significant 

dif:ferenqe between values; similarly-slope "ratio" values gave the 
. -

same result when subjected to non-papa.metric one-way ANOVA. The sums 

aiid ratios from varied process-dominated "slopes in each locale also 

p~ovid~. r.o sign;i:ficant di:!-'ferences. 
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·on the basis of· these findings, plus -the meaningful -results being 

ga5=necl from slope anglo analysis, convexity and conc~wity indice·s were. 

not tested. Stock himself avoids any ·statist-ical use of these data . . .. . .. . . ~ 

in his own stµdy. The sys~em -does, however retain value -as a 

quantitative method of siope ciassification and is relevant iii that 

respect. 

Results of the profile :analysis of slope$ dominated· by 

separ-ate processes have been .. given· in- sections_ of the previous- three __ 

chapters. It is found that 25 of 29; or 86% of-the·rockfall slope 
. . , :. . . . . 

profiles are completely or· predominantly concave in form, while 

convexity domir;ates 2 of 5, or 40% of· the -basal erasion slope· ·profiles. 
- . I - - - - . 

Rur.ning water-dc1n::i.r.!ate-:! profiles are the most pronotmced in fo1'Ill, 

since 95<tfo '(19 of 20) are ·completely or predoln.inantly concave with ·the 

one remaining profile conve.."'Co-concave. 
. . . 

The overwhelming co:n.forn::ity in profile or running water-do:rnina.ted 

slopes -is in part due t.o the- r.ature. or -this-· class .of processes .as -

. re~ar~~ngement oi' shift -proce-~ses.- / .A,11.~evelop~g slopes are 

inherently rockfall slopes ari~ will th:us be sligh~lY. concave_or 

_ straight by :nature. Shifting of debris caused by debris_ flow,_ 

avalanching and ::;ur:face meltwater transportation of debris will mo.st 

often occU!' on the m:id a.:nd lqwer slope.zones, _so that concavity i~ 

enhanced: as the. major: profile element. This· ex.plain's why. the 

proportion of concave slope forms associated with these proce.sses is 

higher than·for rockfall-dominated slopes. An additional reason for 

· - the lower number of concave slopes in the rockfall class is the 

inclusion of C~pe Liddon slop~s, which for _this process are .adversely 

a.rfected•by· cohstant removal- of· basal· debris a.cc-wmilation -by either 
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ice-rafti..~g or marine erosion. Thus rr..E.ny of these slopes re~.ain 

straight, or convex because the only significan~ accumulation o~ 

debris can occur at the top of the slopes. The sar11e is true of some 

of the coastal slopes at Caswall Tower. 

Basal erosion slopes a.re predorllinantly convex, the form 

element l;>eing introduced by the basal-cut made by wave attack and 

. i."llposed upon the existing profile. The predominance of· convexity will 

. be mUCh .lower if the magnitUde. Of the ye.rtical cut "is small •. Conva'ICity 

-of sµch -slopes is regarded as a short-term condition, though, because. 

rapid readjustment to the basaJ: instability created usually causes 

downslope debris shifting ·to change the form to a ·straight profile 

. (V, (2)). A slo-wer '!'8. te of readjustment ma.y reduce convexity to a 

minor slope element witho~t necessarily eliminating it. 

Very little attention ha~ been paid in the .literature to profile . 

form and its relation to process, and ther~f9re cQmparisons with 

_reports from other_ studies are limited. Stock (1968). did obtain 

similar proof of the preifalence of concave form on Baffin Island slopes 

where 19 of 25 ~tu.died were classed as being concave or predominantly 

concave, In Spitzbe:rgen, Rapp (1960a) relates that talus cones with 

slide tongues prevailing are sti•aight in forr.1 1 while those with 

avalanches and mudflows.are reported distinctly and slig~tly concave, 

respectively~ There appears·then tobe agreement as to profile form 

associated with va.rious pr·ocesses in active peri'glicial environments. 

In summary, geometric form appears to bear direct relationships 

with the activity of various processes in the study area. 

(2) Process and Deb:d.s Characteristics 
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.(a) . Size and Shane 

Debris slopes grouped accord:L11g to the three dominant processes 

in the stu9.y area were subjected to ANOVA tests on.debris size arrl shape. 

The ·group results were discussed briefly and independently~ Meaningful 

trends can be established b.~r now consid-ering. these results in respect 

to each other. 

'J_'he over-rj.ding trend in size data, ivhich ptlrvaaes a.11 <three 

groups o:t slooes is that the correlation ratios associated with. zonal 
.; ... . . - - . . . . '· ·. ... . : - .. 

variation are with only few exceptions. higher tF-ian are those . 

. associated 't-rith lateral size variation. Tb.e arrangement of debris size 

into downslope components then is ·a feature characteristic to all 

slopes i:i: this area whether statistically significant or not, This 

feature diractly supports the theory of fall;.;.sorting of l:'ockfali debi·is · 

as a valtd prc:>cess on slopes_; and its col!ll11on occurrenc~ reflects. the 

·fact that the origin of all debris slopez studied, despite groupings, 
. . 

is as gravitat~onal rockfall accumulation. This study n:iakes no 

attempt to determine whet~e;r size increases or decreases in a do"t-mslop~ 

direction, but only ·whether a variation in the plane does occur and 

whether <i>r not it is greater than variation in a cross-slope plane. 

A direct comparison of percentages reveals that rockfall slopes 

are highest ~- si~!dficant size arrang~:me!lts reco_rded, 1'.o~lowed by 

basal ~ro~ion and runn~g wa. ter-d?m.ina ted slopes in that ():rder. Ten 

of 15 rockfall slopes (66~~) ha·;r:e significant· size arrangements;· all. of · 

which a.re zonal, Other research on rockfall slopes p.;rovides · contrasts 

with the results found here. Caine (1967) found no consistent 
. - - . - ~ 

variation :i.n debris size and sort.ing with position on the slope; 

however his results are based .on analysis of only two slopes for which 
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ANOVA was not performed to prove his p:>:int about variancec Griffiths 

(19.59) similarly reports that size is homogeneous over a debris slope 

s:ince modification of the deposit w·ill be small ani the detritus. 

represents an initial ztage i'rl the forll'lation of the final sedimenta1wy 

.deposit. These results were based. on study of one slope; and although 

ANOVA wa.s performed the results are not cor1sidered valid a.nd will 

be further :investigated later in this section. Gardner (1968) reports 

an "over-riding" do>-mslopa sortirig of m.S.ter:tal despite the poor sorting 

found at any one point on his Rocky Mountain slopes. Variation in 

size betwe;:m samples was found significant with ANOVA tests, which lends 

support t<r> the :z-asult.s found upon analysis of southwest Devon slopes. 

Going a step fu.t>ther, Gardner (1968) -uses .regress:i.on analysis to 

dete!"llline that variation~ in position of the slope sample·account for 

50"1 of the size variations. For southwest Devon slopes, regression 

was not used as a means to break dO".-ni the total variation discovered 

in smple one-way Al'JOV • .\ ; and inst.ead a r.iore complex two-way ANOVA 

design was employed which breaks down total variation automatically 

into the ~arious effects assignsd as variables. Furthermore, these 

results give the va1·ia.tions accounted for by specific positions (lateral 

and zonal) rather than overall position, and as such represent a more 

sophisticated analysis. Values of ~ta2 rarely reach a J,evel of 

explanation of 5o;h such as found by Gardner (1968), but a.re at the 

same tin1e the result of a ino1·e stringent. test. which Y11ust. pa.reel out 

·variance to more than one source-r~ther than just one as is done in 

the afore-imentioned study. 

Of the tWO basaJ. er6sion SlOpeS I . Only 0Il9 is homogeneOUS in 

si!Ze va:t'iation. 
.. 



It was determined that size arrangement on such slopes is directly 

affected by the :mae,-nitude aiid ·intensity of the base.l attack (V, (3)). 
. - . 

High magnitude basal abrasion not only removes t!ie basal debris, 

generally the larger of the slope debris on~lope, but causes dmm­

slope re-distribution of the smaller-sized material from the upper 

slope zones. In this fashion homogeneity is approached over a short 

period of slope readj~stment. On the other _ha:hd, readjustment to 
. - . - ··' . . . . - .._ 

minor basal-cuts :rnay_npt reach .the upper_ slope zones, and the ~sal-

cut itself w..ay not significantly-alter the predominance of larger 

133 

debris :fou.vid at base. The initial size arrangements may not therefore 

be significantly altered on such a slope. The· size data for basal 
I 

erosion f!lopes comply with this initial assumption. 

Unfortunately the effects on debris of· basally-abraded slopes 

have not been reported elsewhere in a quantitative manner, so that 

these results stand as the only support to such hypotheses. 

On running water-do:mirt..atGd slopes only ~ of the 10 slopes 

repo~t significant size arrangemen~s. This proportion is the lowest 

among the three groups of slopes discussed· in this section. It is 

noteworthtythat 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 and. late1·al effects.. The-remaining avalanche-affected 

slope does have a significant zonal arrangement in size~ but _its eta 

score is the lowest of all those with·significant size arrange:meuts 

in this class of slopes. It appears obvious from the correlation 

ratios that slush avalanches have a similar effect in dispersing 
. ' -

any r~nl-sorting arrang._enients which :might have been ·formed in the·· 
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e::i.rlier development cf th0sa slopes, Debris flow arrl meltwa.ter 

gulleying, where stro:rig,. appear ... to,ha.ve reinfo1~cc:rl size arrangements. 

·on the:two main slopes cited for these activities, not only is size 

arrangement significant.by zones but also by lateral effects. Su.ch 

. arrangements are due to the fact that gulleys and .flows will occupy 

one side of the slcpe and. thereby offer _adequate contrasts in size of 

material, between them. Basal accumulations of ·fine-sized. material do 

not significantJ..Y alter the ini+ ... j..al fall•sort:i.ng of debris on siopes · 

because the· sampling has been biased towards the·J.arger rock fragments 

which rest upon these f eatU:t.'es. 

~pp (1959) suggests that evidence of snow avalanche activity 
I 

is presa!llt. in the form of hetei~cgeneity of particle ·sizes ·at specific 

locations. This suggestion co1nplies with ANOVA size i·esults on such 

· southwest De.'Von slopes, sil:lce the heterogeneity implies a mixing of 

different sizes of debris from va:rious slope zones9 · Rapp' s (1959) 

resuJ..ts1 though a.re not validated by statistical testi.~g of satr..ples 

from all parts of his slopes. · For.·the other run.Yiing wate~ pro·cesses 

·the concentration anC. downslope shifting of similar size ranges of 

debris is of considerable consequence to the arranging of slopa 

debris even thoug.'li other studj_es do riot again reference it in te:cms 

of stati~tical analysis.. Gardne1 .. (1968) t _however·,. does i.~irectly 

me11tion this effect by ma.i."'l.taining that on his slopes size variation 

does exist. 

]n summary, all slopes reflect their o:rigin as rockfall 

a.ccumu,.1a-l~ions., .some. of which remain unmodified by suosequcnt processes .• 

Others; such as basal erosion and avalanche slopes have produced 

homogeneity ~f debris· by. eli1d.nating the f"a.11-sort:tng a.1'ra.ngement; 
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cne rockwall section ~md not anothe?.·. Tho presence of a var,Ying 

lithology would causo shape to be arr~m.ged in lateral pockets while 

size arrangement may be unaffected. Gardner (1968) supports this view 

by stating that the distribution of lithologies at·any·point on a 

debris slope should influence the relative bi.ockiness (spbericity) of 

· the mte:rtial at that point. Since 11.thological variation has not been 

accurately assessed in this study, such a possibility remains a. 

likelihood. 

Running water-dominated slopes again displa.y the lowest 

proportion of any group with regard to the number of slopes on which 

both s;l..ze and shape are sj.gnificantly arranged. Only one of ten .have 

this trailt compa"t"ed to 1 of 2 and ? of 1.5 for basal erosion and 

rockfall :·slCfeS-; The one exception is the s!ope. upon which a great . 

deal of debris flow activity and levee formation has occurred. Only 

two other slopes dj~play significant shape arrangement, and only one 

of those is an avala~che-af.f ected slope. The proportion of slopes 

with significant shap3 arrangements, 3 (30%) is also the lowest of e..ny 

other group of slopes. All of these factors point to the similarities 

between f.ronds in the size and shape data for running water-dom.il'lated 

slopes. Locale variations in lithology are not considered an 

influencing factor because these slopes are draw.a from all four areas. 

Ii':bfally, ·comparisons. can be rr.ade with ·other .conmients ··-. · · 

concerning size ar<l shape variables. Caine {1967) found t:ha t w:j..th a 

linkage analysis there was no evidence to suggest a strong linkage 

between size and shap3. Fi.trtheri11ora he found a general uni.formity of 

block shape on tha two ·slopes studioo. Griffiths (1959) simila1~ly 

fo1.m:l no shan0 variat::i.o:ns between samt:ol·'9S on his debris sloue. 
~ . -



Gar¢lner (1.968), with a gr-eat.er m.unbE;)r of slopes, oolieves that a 

relationship does exi_st betweet1 size -and shape-. The effect o·f · 

lithology is hidden in the relatiol:lship since it :il'lflw~nces b<?th 

pa.rametors. The southwest Devon results· from.AM.OVA tests similarly 

suggest that~ such relationships do exist; alth<?ugh regret:t,a.bly ·the 

precise effect o~ lithology has been n~glect¢. The shape vari.9,tic;ms 

that are more highly associated with zoi1al effects are cons5.dered 

evidence of this relaticmshij>"although it is by no ineans a consistent 

one. 

Only a 15 .. 11-.ited number of studies a;re avai.4ble to p;rovide 
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comparisons with the ANOVA results for southwest Devon slopes. Direct 

comPa.risons of F values 2.re statistically rneanir1gle;ss, and thus· the· 

proper procedure for analyzing test power is followed. Before doing 

$0 it is nec~ssar-.r to outline sortie cir. the bB.sic concepts of 

~tatistical power analysis. A statist.ical test of a null hypothesis 

essentially i'l'l'"volves a_ complex relationship with foll!'" parameters, 

which are1-

(a) test power 

(b) region of rejection of the null hypothesis 

(c) sample size 

(d) effect size, ie. the degree. of departure from the null 

~othesi.s. 

These pal'ft-meters are so related that when. any ~e,e are. f:ixe;i, the 

fourth can be determined (Cohen, 1965). This operation is useful for 

· research design, but car1 .also be _used to d_eterm.ine the powor of 
. . . . . •, .. ·.. . 

st.?.tistic~l tests which have alre3dy been perfo~me:i. Then in order to 

asc.erta:in statistical. P,ower of previous test . desi,..~s, the common. 
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parameters must be of equivalent values. Cohen (1965) recommends 

that all research plans . strive for a "medium" effect size of ~ 2 5 

(defined); a rejection level of .05, and a power of' Bo% (ie. an So% 
probability that the test will yield statistically significant results) •. 

These reco~mendations were ad.opted as critical factors in the 

comparison of pre11ious size a."l.d shape ANOVA tests. 

Beside.s the present study, ANOVA te~ts have been done on 

debris size.data by Griffiths (1959) and Gardner {1968). Since each 

study varies only in sample size, the other parameters ·are sta.."l.dardized 

as .05 significance level, medium effect size and a .80 desired power. 

For .each -type of ANOVA d.esign, actual power was determined from the 

tables and formulae provideu in Cohen (1969). The respective powers 

of each test are then used as a valid basis for comparison of results. 

~he two-way design ANOVA tests for southwest Devon debris size, · 

'Using sample sizes of 50 provide a pc1.Jer value of 98% for tests of . 

zonal effects and 9fJ'/o for tests· cf lateral effects. Griffiths (1959) 

used two designs, of which the first (two-way factorial) has .a sample 

size of 8 fragments. Consequen·tly with the same fixed parameters its 

powers are only 51% for a zonal effect (called line variation in his 

text) and 34% for a lateral effect (operator pairs j_n his text). The 

eff.ect of a low sample size_ on sta.tistical power is clear; and Griffiths' 

power fans to meet the Bo% level recommended for satis:f'ac·tory 

statistical work. The results.derived from ~he test of southwest 

Devon slopes are justifiably believed more reliable tharJ are Griffiths', 

which ess<~ntially .point out that size variation CYl"er .one portion of a 

d.ebris slope is homogeneous.·. Griffiths (1959) uses this result to 

reinforce a. hypo-thes.is 'that a debris slope represents 
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a prima1·y sedimentary deposit close to its source with "minor 

modifications. The southwest Dev-ori results, drawh f:r"om 27 slopes, 

reveal no overt·iheliiing conformity to. Griffiths eypothesis. In fact 15 
-· . '• ... ·. -· '. ·." . ... . .. . _, ·. . . .· ' .. 

slopes do bear signiffoant. size arrangements and 10 of these are dry, 

gravitational rockfall slopes to which Griffiths has been referring. 

Griffiths' (1959) basic test design is si.milar·in pattern, however1 

and· so it·must.be asserted that his results are less satisfactory 

than those f ourid for southwest De,ron samples. 

· In _the same report, Griffiths (1959) also err.ployed a si.-rnple 

one-way ANOVA test for size variation on a set of· six ra:r.domly 
. . . .·· 

selected sample sites, each containing 4 rock frag1nent.s. For medium 

effec:.1:- size. al'!<l e . • 05 level of_ sign:J.:fica.nc~, h:i~ test power ~s 

determined as a low 11~. Gardner "(1968) has performed a one-~ray ANOVA 

to deterriline_variation between_30 sample sites of 25 fragments_ each, 

drawn from .a whole sample population of slopese: With test pg,ra111eters 

fixed as·for·the ether test.designs; Gardner's probability of yielding 

sta tistica.lJ.y :;;ignifica1:;.t res·.ilts is siightly le$s _than· 92~. Gardner 

(1968) ~epo:rtad a significant between-sample varia t.ion that is ·gy-ea. ter 

than between-frD.gment va,riation, . the reverse c;>f Griffj,tJ:~s. (1959) 

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

are taken as_ more valid than are .those .of Gri:rfiths, 

It r.itl.st be consid.ei•ed, when cor.1pa.ring sout..l-1west Dev-on res-:J.lts ·. 

with. Ga~~e; Is. (1968.Y~: tha. t the si-npl~ one-way d.es,1,gn tal~e~ accou."l.t 

of only one major- effect, and consequently its power to correctly 

interpret one effect will be greater than that of ar.y one effect in a 

two;.,.way factoria_l dss::Lgn for ANOYA. The greater munber of assig.ned 

effects. to be ·consic1e;r.3c~. lOT...rers_ the. "'"'Oba.biU.._v· o·?' }'..I. • - .t.. corr.ectl;y" 



140 

predicting any one of them; and th~s even though Gardner's (1968) test 

power is approximately equal to the Devon test, :lt is passing jtdgement 

on anly one effect. Furthermore, Gardner's test design involves 

selecting· sites from ail of his slopes rather thiui dealing with· · 

variation on_each individu..~l slope. Consequently his results are not· 

·as~meanimgful as· the Devon results insofar. as·their relevance to 

variation over a slope surface. 

·As a sideline to thes~ s~ts of comparisons it is possible to 

Understa?[ld the importa.nce of choosi'lg sample sizes adequate to obtain 

the best 1 possible power of a test,·· The "a priori" selection ·or 

sampling.designs in geomorphic studies has sorely n~glected to 

conside1 ... the power of statistical tests that. will be used on the 

collected. data,- Consequently ma~.y of the studies being used to 

reference and guide present,research designs are unworthy of such 

attention. The remedies. are simple; for insta.nce the same. one,;..way 

design of Griffiths (1959) would a;tta.in- the requirt9d ec% power simply 

by an increase in sample size from~ to 35-fragments. 

It·is concluded that tl:ie southwest Devon lt!JOVA results are 

more va~d in terms of the expe~imental design th.an other. similar 

studies done in the past in that the chances of detecting a signific~nt 

medium effect between zonal and lf'.teraJ. size samples (powers) are 98~ 

and 99-$ respectively~ 
'Unfortunately rio previous ANOVA tests have been found. which 

~ieal With shape of surface debris. ·The powe~s of' the .southwest Devon 

· shape tests 1•ema.in the 5ar11e as ~hose .for size, and hence the results 

· dese1•ibed. £or sr.ia.pe variation are considered valid. 



(b) Orientation - . 

·Debris orientations -determi.t:led by Cai."')e 's (1-969) pho.tographic 

methpd (IV, (2)) ~re not rew~r.ding .in their expected _ce.pacity as 
. ·. 

process indicators. A comparison· of.the trends in·orientatio:ri.studies 

-discussErl according to ·proeess- gr~"U-ps--is now' P.esira~le' to determine 
. . 

the overall effectiveness of' a process _in 'arrariging slope c:tebris. 

Two levels of significance have ·been com;idered in vector 

a~alysis'of ·the ~rientations, .19 and a more stringent •05 alpha ·1evel. 

For .10, . 2 5% of the total number o;f 162 samples have . significant 

orientations; but at .05 that. proportion is reduced to 7fo. Even at 

- the high~r alpha value, the~·, -the proportion of. significant orientations-­

is low when compared to the 71% reported by Gardner (1968) on·Lake 

Louise sJi_opes a.t the·,05_ievel. It is th~refore necessary to 6.na.lyze 

the divisions of process~~loPrs lT!Ore closely.~ 

At the .10 alpha level, comparisons of proces_ses show that 

. significance occurs for 4?% of the basa~ erosion slope samples, compared 
. ... . . 

to 25% and 18~ for rockfall and ~ing-water slope samples, 

respectively. At .05, these proportions bec.ome similarly low in value 

(less than 10%) in each case, l<~hich reflects again the underlying lack 
. - . . . . 

or significantly oriented sampies on the stud.y are~ siopes •. 

~he 47% of basal erosion slope~ signi.fi.cantly orlented at .10 

l~els a~e the product of local slope f'aileye"brought about by debris 

shif~ing -
1
downslops .. duri.ng r~~ustment ·to a .. basal· cut. ·. The- :importance 

- of' loeal slope failure has been reporte:I by Andrews (196i}. -bo-irnslope 
. . . . . . . 

and c~os~-slope preferences·are equally frequ~nt_ among the significant 

orientations' but the fact that the latter are lnore strongly 

aligned suggests that.preferred.orientation has b~en jnitially created 
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by rolling of debr:i.s over its 'B' and · 1 C' · a..xes. ·Interference from 

ot,her debris has modified the cro_s.s-slope orientations so. that many. 

ai:a rotated downslope. Since readjustment to basal cuts is generally. 

rapid, many of thesG orientations are likely of short duration and 

hence the long-term importance of basal erosion on debris orientation 
. . 

is small. 

The 25i of significantly-oriented rockfall samples are 

analyzed with respect to previous research since most orientation 

stUdies have been made on these d~, .gravitational slopes. Early studies 

(Rapp, 1960b; Andrews 5 t961) report downslope orientations on such 

slopes; but recently Caine (1967; 1969) has found that a rand.0111 or. 

uniform qrientat.ion is to be expected because of the rough llB:ture of 

a slope surface. Only where the surface acts as· a smooth plane will. 

any direqtional preferences develop. Caine (1969) beiieves that his 

more powerful statistical analysis of the data casts doubt on prevj_ous 

assumptions made in this field, . and that a random fabric is to be 

expected. There is some :measure of agreement with Caine's (i969) 

view when the rockfall slopes of southwest Devon are consider.ad; for 

over half of the signifioant ori~ntations are located-in the upper 

and zr..id.dle slope zones where tho .:::-:.irface has a. gre.~ter cha.nee of being 

smoothed out by compaction of fines~ This smoothness allows 

directiotjal p~eferences to deyelop more easlly th2.n in basal .slope 

areas. Considering Cai."le 's ( L 969) contention, though, it :is not 

a.larming. 1 to find su.ch a low pro~rticn· (25%) of preferred orientations 

at the low alpha level of .10. 

The 185b of samples significantly ori::intei:l on. running water 

slopes also finds suppo-rt from pre"rious. studies. 
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Al though avale.nche activity is unlikely to craa te · any direct 

orientational pr.eferences, its srooothi:ng and co~npacting e.ffect on a 

slope surface indirectly creates the situation n~~9ssary·for 

preferences to develop. · The. orientations then are formed by subsequent 

rockfall activity. Debris no1-r. movements "l-rilr cause ·only specific. 

areas to :be subject to orientation, ie •. those over which the flows 

travel. Ra.pp (1960b) has reported: cross-slope orientations on ;n.ow . 

lopes, but near-equal preferences for both cross-slope and downslope 

directio~s.axist on.these southwest Devon slopes. ·As is the case . . - ' - . :- ' . . - . . . . - ~ . 

with rockfall samples,· the majority of the ·si_gnificant orientations 

are fot'!lldi on sr.1ooth-snrfaced slope areas.· ··The sl,lrfaces of avalii.nche- · 

. affected slopes pr9ve to be consistently popular for preference 

development. 

It has been estabiished then.that weak preferences do result 

from process activities.in the s~udy area; ho~eve.r the.low pro~ortions 

fotUrl tcr:p. to reinforce· Caine (1969) in his. hypothesis that ra.ndom 

orientations are to be expected. On tM,.s _basis_,. analysis of orientation. 

alone is !considered insufficient to deteriaine the presence or absence 

of any slope process. 

Comment is r.ec:_ui::-ed on the use of the .10 level of significance 

in the vector analysis of orientation. Field observations at the 

sample s:ltes, together with many rose diagram plots of-the 

orientat~o.n data all poipt to the. prese!lce of ap}la~ent directional 

trends. The surface over which ·any procr.1ss can act on a slope is 

general~ so large that the higher alpha value.is believed necessary 

to detect .. the. presence_ of these orientations. sta.t:istical 

·, justii'ication is also r~q-girad~ bu~ u.~fortumitely ~he use· of the· Rayleigh 



test (Curray, 1956) r11akes it impossible to detemine statistical pm·!er 

of the ori~ntat"ion results~ .... 

An interesting and valid viewpoint is advanced. qy Cohen (1965). 
. . 

on this matter of. aipha 1€'.Vels and is worthy of .mention. her:e. · Cohen. 

(p. · 100) states tl;at in ~ •• "c~rent academic quarters the -~cceptance 

of.the quasi.;..official ~onvent~on of. 5tf; has resulted in. its implicit 

~qua.tion!with scientific truth for the positive claim and 

respectability for the claimant." Such acceptance has· progressed to 

the. point i:rhere many valuable studies ?_ave been shelved by authors 

or rejecled for publication by editors simply because the desired 

effects were .not found sigliiricant at the. ~o5 level.-

S~ch stµdies would be found significant at levels slightly 

higher than this convention, and 'ffl€:Y furthermore be of. greater 

statisti~al power than the parallel studies already-published which do 

claim significant results. The use of the 5% convention has thus 

tended to· increase the rate of ni..any spuriously "significant"· reports 

in publi~hed research (Cohen, 1965). 

Related to orientation results in this study, such information 

appears to justify a discussion pf the findings even though the levels 

of ·significance range from , 01 to .10 for indiv:klual samples. Any 

restraints on the interpretation should. be made by those· examining. these 

resUl ts' iwh.o must bear ili mind the level o! sta. tistical judgement used 

in compa~isi:>n with other work. 

· (3) The .Process-Response Environment 

A distinction has already bean :made ~tween. 'responses·· of 

geometric and detris form to the occurrence of. the three basic processes .. · 



in the study area. The more comprehensive relationships which may 
---

be~found among all responses to processes are worthy of separate 

_cons id era tio~ • 

. No _consistent _r~lation: wi:th. pref'err.ed orientati~ns ·and basic _ 

slope variables appe~rs to exist. - Gardner (1968) found. no 

significant· c·orrelations between vector magnitUd.e· and either or- slope 

angiE;), _part,icl$ _elongation, size __ and size variation. Caine_ .. (1967) 

similarly emphasized that relati~ns between _size, shape and debris 

orientation are no more than fortuitous-. -On southwest ·nevon slopes, 
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the proportions of pref~rred_orientations at stringent_ a~pha levels of 

significance suggest similarly low relationships with.process variation. 

These facts demonstrate that conclusions about·pr0cesses cai't.net be 

_ determined -front sedimentologica.l data alone on deb:1.~is slopes; • i."lstead 

the 'le.ngthy, -analysis of observations Ori the processes the:r.isolves are 

more apt to rei.l'l;f'orce spe1'}ulation on the effects they will have :made 

up0n sediment and geometric f·ormi· ~ _ · 

In many cases, the various process-response relationships will 

entwine, causing either substitution for, or eni.'lancement and 

continuation of the effects of any bne. process. Fo~ ilistance, rockfall 

is capable of infnll.ng the gullies created by both meltwater activity 
.·. : 

and debris flows.. 'Where slopes are -short and. cliff-.faces ·high, large 

~ockfalls have bse~ 09served. to actually reforn1 _a s+ope bas~· left 

ver~ical .in profile by marine abrasion. Rockfall-inducecf slide tongues 

were also o1Jserved contri[)utin~_ debris to compensate for marine 

·removal -at base, Similarly, meltwater-deposited debris ·!'ans· provided 

basal extensions for several coastal debris slop3s. Slush !;.;ralanches 

are knmm to produce slope extension by deposition of boulder "aprons" 
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The effect of the basic fall-sorting process which accompanies rockfall 

· is. 'present to vs:riou~ d,egrees on all ·slopas., ~as portrayed py the. 

correlation· ratio scores for zonal effects. Modifications by other 

processes, and disappearance of a rocln·rall source does not obliterate 

this evidence, Similarly, the basically concave profile form 

generated_ by rockfall ac~umulation is prevalent on all sl~pes, barring 

rnodif'icat~ons by ?asal erosion. Running w~t~r processe:s have tended · 

to ·rei.'>lforce and' accentuate the ·ro:rm ~irlherited ·from this output process. 

Running water processes can be referred to as shifting, 

queuing or re-arrangement processes. Jahn's (1968a.) categoriza.tion 
. . . 

would place running water-donL-U1ate<l slopes as equivalently-balanced 

slopes. Gardner (1968) believes slush avala~ches to be. the most 

important of this >lass 'on large 'debris slopes, with slides and local 

failures ranki."1g secorid. Rapp (1960b), however, ranks transportation . . 

of dissolved salts i slides· and.· flows ahead of dirty avalanches -in· terms 

of mass transfer of slope. material in Y..a.rkevagge. On southwest Devon 

slopes, running water processes constitute the Il'.ajor body of re-

distribution processes. In terms of rank, slush avalanches appear t.o 

have caused the most significant modifications of the basic rockfall-

derived slopes. On slopes affected by this process, slope angles are 

lower than on all other types~ concavity in profile is most pronotinced, 

debris size and shape is most consistently homogeneous in variition, 

a.nd preferre:d orientations are· most easily d·aveloped. Debris flow 

activity and meltwater gulleying appear. likely. to have trans£erred llluch 

greater volUllles of slope debr?-s; ~ut beci:i.use~ th:ls aspect was not 

covered such activities rank behind slush avalan~hi_ng, which is contrary -

to Rapp's (1960b) find:i'.ngs. 

' .. 
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These latter forms of re-dist,ribution do, however, have the effect of 

enhancinf the debris size and shape t~end.s establ~shed by rockfall. 

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

the runn~g water processes have a pronounced effect upon the d~bris 
slope J110tpho1ogy in the study area. . 

. ~ubsurface meltwat.er activity is found inconsequential ;to large­

.scale mqfimology in the s~ort term, but ·doeS hi>.ve interesting 

inti>raction with the slope micro-relief, A cause-effect relationship 

::r:4:r :::::::::t:; :r:3 :::::~:~0::7-
coa~esce~ce of laterally-expanding sl:pes, the depressions serv,e to 

at~ract fhe larger blocks which have travelled farther downslo~e·rrom 
the roc1fall funneis. The concentration of these blocks increa,ses 

the meltFg of permafrost beneath it since the ·bigger air spaces which 

exist be~ween coarse blocks allow penetration of warm surface aiir.· 
I. 

I 
Wher~ fi.pes are concentrated, permafrost is found nearer the surface. 

I . 

Due to te fall-sorting arrangement on most - slopes'· it has bee~ 

establisted t~a.t the p~rmafrost table relie.f .c~forms to the surface 

profile l(VII, (4)), with exceptions occurring dUe to _irr".lgular 'pockets 

of coars~-sized debris. · Then the meltwater flow. pattern will be 

indirec-t;.~ regulated by.t~e size and thickness of the surface debris, 

~ the peak melt-period, subsurface meltwater is attracted to 

the -ool'.le depressions as it seeks out the most convenient ,gravity-

flow ro' The concentration of meltwater here causes a further 

lowerin of the perrr.afrost table·which enhances even more the 
I . 

attract~on of this charu1el as a gravity flow route. Chemical ~rosion 
~f debris in this channel likely occurs at a faster rate than elsewhere 



on the slope, which may perpetuate the local relief .form. In seeking 

the most economical fl6w"routes, the concentration or" water into 

c.hannels after ·traval,ling only short dis'tances down. the slope. er-est .. 

reduces the probability of a slopewash. effect from snown1elt. Most 

. wate~ on_ the cones is then :influencing ·very little of the :major slope 

·deposits through transportation of fines following t..'1-ie ablation o:i the 

winter srtow cover. ·The highe-st ·meltwater ·flow :ra."te"s consistentJ..Y 

· ·occur ·duri..~g the time th.At· water· is 'flowing down the inter-cone · · 
. . 

depression, since passage is much,easier. through the J.arge o.pen-space 

network of interstitial pores fo'und here than it is iri the upper slope 

zone. Hence movement of fines· in suspension from the talus cone necks 

will be lateral downslope and.. into the depressions betw~en cones. In 
. - . . . . . . . . . . . .. . .. 

late summer, though, n1eltwater prc<lue;ed fr{lm the ablation of the 

perma.fro~t itself occurs at~ E;Uch low !~tes tht?._t the micro-re_lief ·cannot 
. -

exert any but aloeal effect upon the pattern of flow •. Only ·at this 

time o~ year ·.is slope.wash l;i.kG1y to o_CC'\?-1'." 1 but its effect _-on the slope· 

as· ·a ·whole· is rather small• 

The only process considered an output process encountered on 

the study area slopes is basal erosion. It is also classified as a 

sporadic process along· with those in the running water group, ar.d has 

a profou.."ld in_ipact upon slope morphology• Its effect has be~n ~hown 

to .depend· on 'the :magnitilde and iritensi ty of the-. pro~ess itself (V, (:l)). 
. . 

'l'he ·process is limited .spatially in·that it will affect only those. . 

slopes sufficjent.ly _cl<>.se. to- ·the" acti~e beach, an~· :tezqpor~lly _becaus~ 

ltta.r:i:D~ activity can· occur 01~y·over a short o~n-water·season in the 

su.."lm.ler 111onths. Along Cape Liddoi1.an4 .sections. of Caswall Tower 

. ~sa;l erosion has affected steepness' d-ebris arrangement and size . 
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encroachment. of the sea.·upon the slopes, followed by highly active 
. -
mechanical cliff weathering. Slush avalanching and ice falls niay also 

·be major factors causing-the diffe~·entiation in debris _layers, although 
. - . . . . - . . . . 

the precise ~ature and sequence of process domination or climatic. 

effects is difficult to dete1~il.ne. 

Inv~stigations ·on the Island of Rhum lend p0sitive support to 

these interactions (HcCaim· .& Richards, .1969). In tha.t area, -raised 

marine gravels are reported overla~in by up to 6 metres of talus --debris 

derived f:roni slopes. at the rear'. and. pronouncecl slope debris . . . ~ . . - .. - . . . . . .. . ~ .. , . . . 

·stratifications were found. As at Cape· Lid.don these forms involved· 

coarse openwork 11'.aterial and bands of·fmer-sized debris. Slopes were 

als_9- found developed over rock p;Latfo~ms, a cha.1•acteristic of Cape 

Liddon slopes.- It therefore is interesting to fir..d. that these 

interaction~ in a. "ml!!":i.n~ pe:riglac;ta.l ~.rea may be _common to taany now-

fossil periglacial environments. 

Sil.lee basic differences C.o exist in· the· fun·ctions of the 

observea processes,· the final ane.lysis of proce·ss-morphology interaction 

has ·become a subjective. appl•aisal of' the importance of sporadic versus 

continu1;ms processes_.·. It is diffic~t, tho~gh •. ~ assess_ their 

indiv:idual sigrdffoan~e b€:ca·1;1se slc·pas in the study area are-a response 

to several :i.nte:ractin~_processes. The frequency and magnitude of any 

precess ;varies over tirae·a1id· space, and in this context the continuous 
.. 

process.of rockfall is believed to have the·great~st relevance tor 

slope development.· The sporadic processes, consisting of.bcith shil"t --. 

and removal typesj are much r.iore dramatic in theil• short-term effects 

upon slope form; and these_ processes appear to dom;_Yi.ate recent sl.op~ 

developinent in. southwest Devon Islan1. . Whether they· are . contiliuous·. O:!.~ 
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sporadic, this sttidy has found that o.n both· large and s:mall sea.le, 

and in both positive e.nd negative fashion, processes and responses to 

thenr compose a significant· ·gemnorphic relationship in the periglacial· 

slope emriron.ment. 

. .. 
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accumu.lati<m. Rock catchment experiments :indicate that only the upper 

slope zones are at present accumulating debris in-continuous fashion 

on the slopes sampled. Res'Q.lts ~from· such experinierits should be 

employ~ with restraint, am preferably only to deter-mine zone a.nd 

rates of accumu.lation during the study period involved. 

~ing water processes constitute the :rti.ajor body ·of· 

re-arrangement processes .in the study area, and.have a.pronounced 

effect upon debris slope morphology. Their profiles are more 

prono\Ulced in concavity, the. overwhelming conformity in part due to 

the nature of tt.ese spo::cadic processes as re_-arra.ng&rs of slope d~bris. 

Slush avalanches appear to have caused the most sig11ificant. 

modifications t.o the basic i•ockfa.J.l-i,~e1•h~~- ·slope characteristics, 

while sir..aller -processes such as debris flows- and accu.mulatio_ll of basal 

fines involve a smaller proportion of the total slope area and are of 

lesser importance in effect upon slope angle and geometric form. 

Dur:ing the peak melt-period, runniYlg water is responsible for the down-

slope transportation and de:ros ition of large quantities of silt and clay 

at slope base. Subsurface flew during this time becomes an erosive 

and trs.nsport.ing agent which appears to hold· a.n hiteresti"'lg cause-effect 

relation~hip with the slope r;:dcro-reliei'. Host subsurface melt-water 

on cones :i.s iri.f'lu.encing very little of the·'lll.ajor slope deposit, a;s it 

tends to channel dow~ inter-cone depre9sio11s in seeking the best 

gravity-flow route. 

Trends- resulting from analysis of v~ria.nce tests on size 

data support the occui-rance of fall-sorting of rockfall debris en all 

slopes in the study area. ·On basal o:rr1sion ~nd slu.s:i. avalanche-

aff6ctE:..>d s+opes • the fall-sorting :-... rr;:.:1gc1-r;1o:nts h.?.ve been drastically 
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altered, while m,eltwater gulleying a~ debris flow activity on a large . 

scale tend to add • significant lateral slope component to size 

arrangement. Shape variations are attribu:ted to many variables, any 

or ~Thich are dif'fictil t to view in isolation. ., Spacing and presence or 

joint pa. tterns. bed thickness. and fracture properties or the ~r-ent 
. . 

lithology are probably the major variables to be considered. 

Significant lateral arrangements in shape are believed due to non-

' 

unifol:"lll _dissection or the rockwall; while uniform roc~_all dissect:i;on 

' 

will be indicated by uniformity or sh.ape varbtion over a slop~. 

Comparison of.size and shape results with similar studie~ reveal that 

becau$e 'statistical power is greater for the southwest Devon test 

design the results of this &t~y are more reliable as ind1cato~s or 

the nature or size and shape ·on debris slopes • 

. Results of slopa angle studies support the likelihood dr a 

range -of common slope values for slopes affected by the three basic 

process groups .in max-itime periglacial areas. _·Results of prev~ous 
. . . . . 

.. stUdies do. not in many cases apply themselves to the varieti~s 'or 

slopes. which are found on. southwest Devon Island. Stock's 
.:·;;;:. . : '. . . . 

~;(19.~J ·various slope statistics were found incapable of sufficiently 
. ·. ~- :_ ' . 

. di.rt ei•entia-ting between form or the study area slopes; nevertheless 

theyretain value as a means_ of quantitative profile classification. 

Debris orientations determined. by Caine's (1969) photographic 

method are not rewa.rdi.'l'lg in their expected capacity as process 

:b:dica. toi~s. At the • O 5 level of significance the proportions of 

significantly~oriented. samples on slopes affected by all processes 

reflect the underlying lack of strong directional preferences 

· associated with the various processes. 

.· 



At the .10 level of alpha ," significant or:i.e;.1ta tions appear d·atermined 

by va1·iations ir. the degree of· local slope faj_lm·e associated with 

basal erosion, On rockfall-d_ominated. slopes, significant dil"ect:i,.onal 

preferences tend to de-velop mora easily on the smoother-surfaced 
. . . 

. . 

upslope areas; and similarly, preferences are more likely to occur 

on the surfaces of slopes af£ected by slush avalanching tha~ on any 

other running lrrater-dqmin~ted slopes. The low number of. significant 

orientations fotL-rrl suggests that a random' fabric is generally to be 

expected on debris. slopes~ Justification of interpretation Qf 

preferences significant at le-v-els ranging from ,01 to ,10 is nm.de 

from critical discussion of visual trends and the present conventions 
·:- -

of significance testing. 

Conclusions about effect of a process on slope morphology can 

best be determinoo by detailed observations of the process itself, 

complemented by geornetric and debris form data. A qualitative. 

assessment of specific process-response relationships inu.st consider the 

role of each p:ro~ess, the degi•ee of inte:r·action am .any other ·special 

consequence of its activity. In many cases these relatlonsh:;_ps will 

entwi.~e 1 cau.sing modification, 01• accentuation of the e.fi'ects of any 

one process. Rockfall, as a continuous process, is believed to bear 

the. gre?..test ovarall relevance to· slope development i:'1 the. study area, 

Sporadic pro1.::.esses are me> re dra:rna tic in their. short-term effects and 

appear to clomili..ate :r·ecent ·slope developi1ient on south~rest Devon Island~ 

In a f:L")al analysis, both sporadic and continuous processes, 

and the responsas to them compose a significant geomorphic 

1·elationship on both large _and ~rnaD. scales :l~ the periglacial slope 
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1'ABLE 10 

Selected Climatic Data for Resolute Ba}:': 1 N.W.T. E 19~27 to 1967 * 
MONTH · Iv:IEAN MONTHLY ¥.JLXD1UM 24 HR. MEAN NONTHLY 

PRECIPITATION PRECIPITATION TEMPERA.TURE 
{inches} ~inches} ~0E) 

January 0.09 0.04 -24. 

February 0.12 0.04 . -26 

March 0.11 0.04 -23 .. 
; 

April 0.21 0.07 -10 

May C.28 0.09 +12 

June {). 37 - -0.10- +29 

July 1.04 0.31. +37 

August 0.93 0~33 ·+34 

September · 0.65 . 0.20 +21 

Octobe1" 0.59 0.14 +04 

November 0 •. 21 0.07 -11 

December 0.24 -0.07 -17 

Mean Annual 4.84 

Mean 0.15 +2.16 

* Source: "Arc tic SUJr..ma.r y ;• Net. Branch, D. 0. T. , Canada •. 



Figure 21 

Comparison· of tel'ilpere:tu.r·e. and wind 

data fo.r ·October 7-13, 1969, between .. 

Resolute Bay and· :Rad.s"tock Bay, N .-w. T. · 

··'. 
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Figures 22-26 

Slope profiles grouped according to locality· in the order: 

A, Caswa.11 Tower; B, Inland plateau; 

C, Cape Liddon; and D, Cape Ricketts.· 
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_Figure 27 

Profiles of the meltwater test slopes. 
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APPENDIX III 

SONE COMNEN·rs ON SAMPLING PROCEDURE 



SOME COMMENTS ON SAMPLING PROCBDURES 

References to the fund~mental concepts of statistical 

power analysis have been made previously in this study (IV, (2); 

VIII, (2)), but a final applicati.on remains to justify the · 

sampling procedure used. The high power values obtained (98~ and 

99%, respectively for zonal and lateral effects) wer~ based on the 

desire to find a "medium" effect at the .• 05 significance lev~l. The 

recommended power value of 80~ to be attained (Cohen, 1965) is far 

exceeded in this test design, and on that basis t.he number of 

sample sites, six, and the sample siza, fifty, is more than adequate 

to detect a medium effect. Using the tables and formula in Cohen 

(1969), it is discovered that any further increase in sample size, 

othe:r factors kept constant, would raise power only slightly to the 

maximu.."!l value of 99. 511j,. If on.c considers justification of the number 

of sample sites used, it must be pointed out that any increase merely 

~educe the sample size required. A hypothetical increase in factors 

from a. 2X3 to the next highest, a 3X4 design will raise power to the 

+99. si maximum ii' sample size 1~e:riai_ns at .50o This minimal rise in 

power which occurs, in effect, from increasing the number of sample 

sites from six to twelve, is not warranted in terms of the 

_capabilities of the ·eXisting 2X3 des~gn • .(l,s previously stated, the 

only major result of a sample site increase will l?e·to reduce the 

sample size needed to ni.aintain .existing p()'\-Ter· :values {in this case 

from 50 to 30). 
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On the basis of statistical power analysis the test design employed 

in.debris size and shape analysi1;1 i.n. this study is completely 

justified. 
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The one weakness in the sampling grid is the arbitrary 

demarcation of basal, middle and upper slope zones. Since the surface 

of a ~lope represents more of a continuum in its characteristics, 

the zoning is only valid as a convenient frame of re~erence for 

various characteristics encou_~tered on a slope. A sampling grid 

-designed. with ~roportioned spacing between .samp~e sites would have 

been more sophisticated, but this wculd have required complete 

compilation of survey data before ar1y sampling could be accomplished 

on a slope. Such delays over e short ~ield. ~eE:son are inefficient in 

a time-balanced program, -and the descriptive zonation was preferred. 

The validity of Caine's (1969) photographic analysis of 

- orientation was tested. on southwest Devon slopes by statistical 

comparison of field and photographically-derived orientation data on a 

site in each of the thre.e slope zones of RK10. In order to use 

Chi-square analysis at least fiye obner,1ations mu.st occur in each data 

class; but because this prerequisite was not satisfied by the original 

ciass sizes the· nine 20°classes were reduced to three 60°cla,sses. For 

the basal and middle-zone sites the null hypotheeis of no significant 

difference between field and photo-derived orientations co~ld not be 

rejected at the .01 level of significance. For tt~e upper zone site this 

hypothesis was rejected and the alternate accepted tha.t a significant 

difference does exist between the two sets of' results. 

The outccmes of the first two tests conform with those of 

Caine's ( 1969) own Chi-·square tests of' field a.."ld photographic 



,. 
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orientation da.ta, which have become the basis for his recommendation 

of the photographic method for other debris slope studies. The lack 

of agreement found upon testing of the upper zone site of RK10 may be 

a result of the smaller size of debris in that sample compared to the 

others. For instance, the sampling system is such that there is 

hypothetically a maximum of 81 stones from which a sample of 50 may be 

selected· (IV, (2)). If the average size of debris -is small, then the 

maximum number will approach 81 and thus the possibility of selecting 

the same 50 stones in both field.and photo analysis will be low. 

In contrast, the stones in the sites of the lower zones n.re larger and 

usually occupy more than one of the 81 grid intereections. In this case 

the ma::dmum nurnbe:r of stones available for sam:!:)ling will be much lower 

than for the upper zone site, a fact which increases the probe.bility of 

selecting the same stones in both sets of orientation measurements. 

Based on the most common r·esults of the Chi-square tests perform~d, 

Caine's (1969) photographic method.is believed to produce valid 

orientation data from southwest Devon slopes. 

The sampling procedure :mta.iJed gai.;hering of axis measurements 

and weight of all 5000 rock fragments encountered, in order to 

ascertain the most representative measure of size. As sho~m in the 

relative frequency histograms (figs. 28-31), all three axes are 

significantly correla-~ed with weight, although less so in the case of the 

short aici3, Since both 'A' and 'B' axes are highly correlated with each 

other in all locales 1 it was possible to select either one as suitable 

field indicators of size. Major published reports have general.ly tended 

to select the lo~g exis (III, (2)), and therefore ii was similarly 

employeci to represent debris sj_ze in subseqilent data analysis in this study. 



Figures 28-31 

Histograms for l:L~ear correlation cf selected size parameters for 

slopes in A) Cas·;:all ~ower, B) Inland. plateau, 

C) Cape Liddon and t) Cape Ricketts locales. 
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13. SJ:ushflow tongue on beachfast ice of Cape Liddon. 
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15. Flow l obe on a Cape Ricketts s lope . 

·16. Rippl es on flovi lobe of slope RK3 . 



17. Debris tlmr 1evees and t ongues on s:1..ope RK7 . 

18. Ap:~earance of Rhodamine BH 'dyG in tidal cra (;k beneath 
slope T2 in waterfeJ_J_ tr<tce-r . exper:1..r1Emt • 

. f 



19. DEn:l'.dation of buried cliff-face along Cape Liddon. 
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