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S::::OPE AND COt-l"TEHl'S: 

The transport of solid material in the form of 

.mo·vements of suspended and b ed load in overland flow is 

examined. This movement achieves considerable magnitudes 

in many rills faowing across low angle slopes during the 

Arctic spring and summer. The occurrence of suspended 

load is relcted to the intense runoff during the spring thaw 

and summer rainstorms ar;d also to the wash:ing of fine sediments 

trapped in the basal ice of transverse snowpatches. These • 

sediments which are transported from the interflow· zone u pslop a 

rorrn small but signi .ficant sedi111entery depos:its on beckslop~s 

end lm., angte slopes. The latter deTX:~sits are more extemdve 

and appea ::::- to b et incorpor;:;.ted in the regoli:th by processes 

of frost act:ion and turbulation. 
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DOvlNSLOPE SEQUEr-.K::ES OF SEDIMENI' 

TRANSPORT AND DEPOSITION ON SOME HIGH ARTIC 
-·~ , - - - ·---- -· - -· 

~ '\ .·. . ~ . - . :·· :._ ... 

SLOPES. 
T.J. Wilkinson 

· ABSTRACT - · - .- .. - - -.., -':.~~ 

The main study areas of Radstcck Bay and Resolut~ 

located in the Canadian High Arctic at 75 ° N1 were exaroined 

to ascertain the affect of runoff from melting snow, melting 

ground ice and sumMer rainstorms on the transport of fine 

particles across the land surface. Drainage was in the fo rm 

of overlend flow (rills and sheet flow) across low gradient 

surfaces rich in fi es and interflow (through the active l~yer 1 

e.cross the perma·frost table) through openwork gravels of 

~slus end beckslopes. 

Sediment transport in the case of talus f ot ril ls 

was significant and occurred as wash l oad movement 9 the 

fo:r.mer · being quantitatively more important in the transport 

of solid material in most rillso ~l ring the spring thew 

of 1970 when evacuation of mf!l t\ora ters was rapid, sediment 

transport was vigo~us and ext~nsive supranival depo~ition 

occurred on talus foot slopes. This condition was brief and 

by early July the drainage system had stabilized into the 

regimes of interflcw and overland flow outlined above. 

Some rills transported sediment as washlo ad through-

out the summer but usually such movement . was lim) ted to the 

spr:i.ng thaw and certain periods in the summer. 
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This latter condition prevailed if the rill received sowe of 

its water fro~ a r511 .head snow patch. Such snowpatches 

l~cated at the break of slope possessed basel ice layers 
) 

rich in silts and fine sands. The fines were indirectly 

demonstrated to be washed from the interflow zone of the 

talus or backslopes. Interflow on steep slopes (greater 

than !2°) was as small ~channel' flow with velocities of 

only cme tenth of those of ' .rills. Direct evidence of 

sediment movement in this zone was difficult to establish 

but small depos5.ts of relatively well sorted •fluvial• 

fines demonstrated that transport could operate in steges. 

Downslope at the break of slope, deposition from 

snowpatches was prevalent and lead to a variety of tubular, 
. 

lAJT~inar and fan-J.jke deposis. On low angle slopes deposjt·on 

from supranival flow and rills was dominant and contributed 

significant quantities of relatively well sorted fines. 

Accumulations of such sediments did not occur on 

most slopes. Instead low angle slopes cons isted of fines in 

a frame\-.oork of gravels and stone so A proportion of these 

fines are considered to be contributed by transport from the 

interflow zone. Silts and sands are washed from this zone 

into sno\-.~atches and rills and then deposited on the ground 

surface as fresh deposits. Frosta ction, multigelation and 

turbstion processes are then thought to act upon these fresh 

sediments and mix thP.m with the . e:>d s ting fines ( r i c:h regol:it"h. 

" 
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Plate 1: The major sites 1970, 
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CHAPI'ER I 

INTRODOCTION 

Investigation of periglaciallendscepes have, in the past, 

been concerned with morphological and other phenomena unique to 

high latitudes. Such sh1dies concern i ng patterned ground, 

mound topography, segregated ice features, permafrost and certa i n 

types of mass westing form a large end impo rtant contribution 

to the geomorphic literature. In the realm of soil studies 

emphasis is usually placed on the diminished rete of soil 

forming processes in high latitudes (Tedrow 1968) and the 

immaturity of the profile; little information is avaflable on 

the translocation of physical and chemical constituents through 

the soil and regolith. 

The _purpose of this investigation ·is to evaluate the 

effect of quantities of water, derived from the melting of snow 

and permafrost iceJ on the transport and deposition of fine 

sediments across the high Arctic land surface. 

An intuitive approach to this problem can be made by 

examining the overall snowmelt run-off system associated with 

high Arctic drainage basins. 

Cogley (1971) s ·tates that the throughput time for melt-

1 
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waters and storm runoff is short as any excess waters are evacuated 

rapidly from the land surface in the form·of overland flo"' and inter-

flow. Basin storage is minimal due to ~e high permafrost table 

Which acts as an impermeable barrier, always less than 80 em. belcw 

the surface. 

In the regolith and active layer the fine and coarse 

materials are very much disturbed by the widespread occurence of 

turbation phenomena. Patterned ground formation, solifluction, 

talus fa~l and frost heaving all represent processes which lead 

to disruption and displacement of the regolith fabric. Such 

disturbance, could potentially release quantities of fine 
I 

material into the system. 

If these two distinct processes, one of tren~port and one 

of release or supply are combined, a situation leading to signif-

icant rates of sediment movement can be . envisaged. If large 

quantities of meltwater move across and th~ough the shallow active 

layer of the ground it is likely that this could lead to the 

mechanical washing of fines from the regolith. Through this, 

release and entrai{ er ent of fines would be enhanced further by 

the variety of turbation processes in operation. 

The question as to whether such processes of sediment 

movement actually operate in the Canadian High Arctic can be 

partially answered by the application of qualitative and quan-

ti tav e observation of sediment movement in certa in overland flow 

types o These studies will be supplemente d by observations of 

I 
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sedimentary features located on and within the regolith and 

exte nded by inferential extrapolations from such data. 

3 

The system to be considered is a subsystem of the overall 

meltwater runoff system comprising the entire drainage basin and 

its inputs and outputs of material load and water. The main 

members of this subsystem are, for the convenience of study, 

divided into the flow types '1 supranival flow, overland flow and 

interflow, and within these dominant flow types the movement of 

solute and sediment load takes place. Solute load, in the lime­

stone basins under consideration is dominated by ~he movement of 

Ca anp Mg in solution (Cogley 1971), and is reported as Ca and 

Ca + Mg in mg./litre of CaC03. Unless reprecipitation is import­

ant , such materials will be completely removed from the drainage 

basi n. 

Sediment transport will be considered to be the movement 

of discrete particles entrained in a transporting medium (water) 

which varies in intensity through space and time. This variation, 

together with the supply of sediment load,will directly influence 

the sediment transport rates of such particles and lead to the 

red i stribution
7

as well as the removal1 of solid material. 

The main emphasis of field work was upon sediment trans­

port and deposition, but in . addition the examination of solute 

load, specific topographic features and soil profiles was 

unde rtaken to provide additional information. Further data on 

the bedrock geology and climate of the main High Arctic study 

, J 



areas was supplied by reference to Fortier (in Fortier 1963), 

Thorsteinsson (1958), Bird (1967) and theMeteorologicalBranch 

Arctic Summary. 

Methods and techniques: 

4 

Field and laboratory methods entailed obtaining a record 

of sediment movement from a variety of rill types, ascertaining 

certain characteristics of~he sediments trapped and comparing 

these to the sediments recently deposited7 as well as to the 

fine sediments of the regolith. Depositional features were 

classified and mapped on a large scale and traverses were surveyed 

as an aid to the description of the terrain. In addition the 

solute load was measured daily for three rills in 1970 a~a for a 

variety of other rills and water bodies in 1970 and 1971. 

Sediment movement: General inforrna tion on the amount of 

sediment moved and the times of movement were required for the 

prime features of study, rills, and such information was obtained 

by the use of bedload sediment traps. These were small sediment 

traps measuring 10.5 x 7.5 x Z em. (fig. 1:1) lowered into the 

rill bed. Such traps caught a combination of bed material load 

end suspended load and therefore lead to information on sediment 

movement and sediment deposition at a point. These studies will 

be elaborated in chapter IV. 

Aceompenying these mea s urements accessional spot samples ~ 

of suspended loads were taken from turbid rills. Such sediment 

concentrations£ when multiplied by total water discharges, enable 
" 7 
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a tentati ve statement of total sediment discharge to be made. 

ruspende~ lo~ds we~e calculated as weight per unit weight 

i.e . p.p.m.; th~s f~gure ~ s readily comparable to the solution 

load figl res in mg/litre • 

. I 
i ediment texture: Sediment textures were established for 

a wi de variety of trapped sediments and surface deposits. These 

texturesl will be discussed in chapters IV, V and VI. All sediments 

trapped ere finer than co~rse sand {2 rnm.) hence only the fine 

fraction (< 2 mm.) of the regolith was analysed. 

Aggregates were initially destroyed by mortar and pestle 

and be~en 10 and 20 grams were used "and dispersed in dilute 

sodium ~xametaphosphate solution. Due to the low organic matter 

content nr H2~ treatment was required. Dispersion was further 

aided by r echanical agitation in a •Hamilton Beach 1 agitator and 

after star ding overnight the sediment suspension was wet ~cived 

and p ipetr ed as described by Galehouse (in Carver 1971). If 

the p ropo · tion of sand was high, the initial sample was dry seived 

do~m to 0 2 mm. (no. 75 seive), wet seived and the remainder pipet ted 

as above. 

Tl e resulting data was plotted on log normal cumulative 

paper as r:mulative curves and histograms (see Appendix) and means 

and stand rd deviations using Folk and Ward 1 s Formulae (1957): 

M\= ~ 16 +~50+~ 84 and 

3 

(incl usive graphic standard deviation) 

d = i. 84 - i 16 + rl 95 - ~ 5 
4 6.6 
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The data from these tests is listed in table 6:2. 

~he solution load: Samples of rill, interflmv and soil 

water we,. taken from a variety of sites, see chapter IV, and 

were anslr zed for dissolved Ca and Mg concentration by complex­

ometric t•tration with E.D.T.A. after Schwarzenbach (1957); 

all sampl s were analysed within 12 hours and the accuracy for 

calcium hardness values is thought to be within + 

3 mg./lit r (as CaC03). 

W~ter flow characteristics: Plow patterns and velocities 

were esta lished for interflow, polygon margin flow, flow through 

snow es and rill flow. Velocities and flow patterns for the 

firsttfire categories were established using fluorescent dye 

{Rhodamine T) and for the last named by timing discrete particles 

floating t long the rills, 

Ti pographic surveying: Deposits and sediment sequences 

at partic~ lar localities were mapped on scales between 1:25 and 

1:100 usi g tapes set in a grid pattern. Spot heights and 

useful. n addition, traverses were levelled, using a Kern 

'Quick se 1 level, along most sediment-gauging sites. The 

accuracy f ~ 0.3 em. in the vertical plane and ! 2 em. in the 

horizonta plane was well within the plottable error of + 6.25 em. 

(ground e~ivalent) on the largest 

M~ scellaneous recordings: 

scale used. 

These included the monitoring 

of permaf st d e pth through time, for a variety of sites by 



8 

eugering; the measurement of certain soil bulk densities and 

concentrations of sediments on snow patches. These will be 

elaborate where encountered. 

ch a study is therefore aimed at an analysis of the 

tion of solid material on the ground surface by the flow 

of water. The working hypothesis, as outlined, suggests an 

intuiti~e approach to the problem. In addition, differences in 

the nature of the regolith on different Arctic slopes as outlined 

in chapt+ II hint that other processes in addition to those of 

mass wasti ng, gla ciation, frost sorting and mari ne deposition 

are, or hl~e bee~,in operation. This semi-quantitati~e study will 

use e~idJi ce of o~erland flow sediment transport as well .as 

fresh de sitional features to link the initial hypothesis to 

the obse l led differences in regolith type. Such studie~ as 

undert~ke · in chapters IV, V and VI will form the bulk of the 
/ 

present s dy. 



CHAPTER II 

THE ENVIRONMEI-IT AND SETTING 

were located on Devon Island (1970) 

in the Queen Elizabeth Islands of 

the · Canadian High Arctic. The former site lies (fig. 2:1, 2:2, 

2:3) on t e western shores of Radstock Bay (74° 40'N, 91° 10 1\v) 

while the 1971 site lies close to Resolute in south Cornwallis 

Island (7f 0 4o•N, 94° so•W) 

B~i~f supporting studies "\'tere also made in the low Arctic 

on south · astern Baffin . Island (Frobisher Bay,63° 45•N, 68~ 30 1 W) 

alpine environment of the Ca na dian Rockies at 6,500 feet 

above M.S L. at Crowsnest Pass near Lethbridge Alberta. 

The bedropk geology: 

, th High Arctic sites were located in regions of 

Pelaeozoi sediments to th~ north of the Canadian Shield. The 

rocks at i adstock Bay are mainly gently southerly-dipping Upper 

Silurian t imestones of the Read Bay formation (Fortier 1963) with 

varying p r oportions of silty,cherty, argillaceous dolomitic and 

conglomerj tic limestones. 

S"milarl y, the geology of the Resolute area is domi nated 

9 
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by limest~nes, this time of the Cornwallis, Allen Bay and Read 

Bay formations, varying in age between Middle Ordovician and Upper 

Silurian (E. Thorsteinsson,G.s.c. 1958);_ lithologies vary 

and inclu e argillaceous limestone, crinoidal limestones and 

dolomites 

subsidiary study areas of Frobisher Bay and Crowsnest 

Pass are l ocated on acid Pre-cambrian rocks of the Canadian Shield 

and Cretaceous Alpine folded limestones respectivelyo 

Th~ topog]L"aphy: 

sbuth-west Devon end south Cornwallis Islands are dominated 

by wide s t eeping plateaus of low relative relief ascribed to the 

Barrow su r face (Bird 1967). This surface, thought to be of late 

Tertiary i ge,stretches across parts of Prince of Wales Island, 

So-merset [sland, Baffin Island and Devon Island and crosses a 

variety o } rocks from Proterozoic metamorphics to Devonian sand-

stones conglomerates. Its height range on the broad inter-

fluves from 360 to 400 m. with occas-ional peaks at 450 m. 

Radstock Bay the 'South Plateau',possessing a mean 

height of 280 m(see fig~ 2:3) i s an outlier of the main Barrow 

surface. In contrast the plateau areas surrounding Resolute, 

located em the south-western periphery of the Barrow Surface, are 

lower ...-d t~ undulating surfaces varying between 130 and 200 m above 

M.S.L. 

l both areas the plateaus are drained and incised by a 
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youthful dendritic river network and only occas ionally is this 

pattern J roken by the o ccurrence of lakes and bog. The rivers 

appear be eroding rapidly into these plateaus and usually 

flow in narrow gorges flanked by talus. 

imilarly the plateaus are skirted by talus sheets and 

cones which are replenished with material from the exposed free 

face above. Frequently these talus slopes extend right up to 

the plate u surface thus obscuring the free face, leaving only 

occassio~rl upstanding residual buttresses. 

· Tr e foot of the talus sheet is frequently . terminated by 

a marked [ reak in slope representing a change in gradient from 

30° - 38° to the gradients of less than 8° of the talus foot slopes. 

In t h e Ra l stock Bay study area these foot slopes extend in a 

smooth concave-up curve from the brea k in slope to the valley 

bottom (fl g. 2:4, 2:5a, 2:6). The lowest segment of slope 

repre sentr d by the subhorizontal surfaces of the silt plains is 

in t h e form of terraces or flood plains adjacent to the river (fig. 2:4) 

I 
I r contrast, at the foot of the talus slopes overlooking 

Char Lake r Resolute (fig. ~:7) the low angle talus foot slopes 

are t errar e s and lobes between 0 and 70 m. above lake level. 

These terrace a nd lobate forms sometimes exhibit symptoms of 
I . 

soli f lucti on although others could be considered to be alti-

plana tion terraces or nivati on hollows as argued by Cook (1962). 

on 

C~mplex gravel slopes of lower gradients (12-25°) occur 

a r eas of rai s ed bea ch materi a ls, which frequently flank the 
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plateaus or form ridges and low hills up to 100m. above M.S.L., 

the apprb ximate height of the extreme transgression (Bird 1967). 

Such terr ain occurs in both study areas and frequently possesses a 

distinct l stepped topography divided into steep back slopes 

bounded i elow by the break in slope whilst beyond this stretch 

the low I ngle slopes, dominated by fines (fig. 2:Sb, 2:8). As 

in t he case of the Resolute talus foot slopes, these are frequently 

formed i l to lobes, suggesting the presence of soiifluction. Such 

features at Resolute were designated nivation hollows by Cook (1962), 

but were associated with raised beach forms. 

s nivation hollows are considered by many e.g. Waters 

( 1962)' r be a polygenetic form~ .both solifluction lobes and 

raised b j aches could contribute to the final form. 

espite the differences in scale, these features can be 

ba·sic me ers of this class being: 

a) A s ·teep ( 15-40°) back slope of gravel or talus 

exhibiting an open work texture and an associated 

deficiency in surface drainage. 

b A break in sl~pe which is usually straight but 

occassionally interrupted by hummocks of fines or 

talus cones. 

c Low gradient (less than 8°) foot slopes consisting of 

gravels and stones wi t h a matrix of fines. These 

are mainly slopes of ov e rland or polygon ma rgin 

flo w (see the drai nage of the land surface). 
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Such elementary features are common but compound features, 

possessi1 g less ')fell-marked breaks in slope, regolith variations 

or draini ge char<:lcteristics, also occur. The above features are 

not limi] ed to t i.1e talus foot slopes or raised beach areas. Small 

features of simi .lar form were examined on the •South Plateau 1 

between ascoyne inlet and Radstock Bay. 

j
eature ( b), the break in slope, is usually orientated 

transver e to th •~ drainage fines and the hollow so produced 

frequent~~y retai n s a sno\'lpatch through much or all of the summer. 

The bulk of the thesis will examine sediment transport 

· and depos"tion b y fluvial and niveo-fluvial processes across 

this topo raphic unit. 

Regolithl~~dl dsoi .

1

s: 

11 

b d b . . 

1 

d 

... eve opment 'l'ras usua y o serve to e m~n~ma an 

the sali t feat\1res of the surface debris and regolith will be 

described with p c=trticular reference to the .main topographic class 

delimited in the previous section. 

T e ola teau cover: The 'soil' cover varies between 

fels e nmee[ a~d fjne-centred polygonal nets with stony rims. In 
I . 

general t r e textures approximate to gravelly sands and sandy 

gravelly t oams b u t variation is great in the horizontal and 

vertical r lanes cue to frost action and multigelation (Jackson 

1970).. I 

sr rface erratics and glacial striae on the top of Beechy 

Island (F rtier 1 963) and the occurence of tills aro.J nd the 
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coast of Radstock Bay and Gascoyne inlet demonstrate the possible 

glacial l rigin of much of the surface cover of the plateaus. In 

contrast Jackson {1970) considers that these poorly-differentiated 

plateau r ils ar·e derived from frost weathering of the local 

bedrock. 

'11he detr:i tus slooes: Below the cliffs or free face, : 

debris sliOpes accumulate as talus shee~s and cones. They consist 

of a wid variet.t of angular debris varying between boulders and 

silts clays. Bones (1971) points out that the fall sorting cf 

these sits c em be drastically altered by the action of slush 

avalahchel and ~tsal erosion. Of major interest to this thesis 

however i i not the details of the coarse component.s cf the talus, 

but the o f currenc:e of fines. These fines, clays, silts and sands 

occur as well -- poorly-sorted mixtures in the talus gravels 

and betwel n the b edding planes in the rocks exposed from under the 

talus (fik 2:9)o Also, large exposures of _poorly•sorted detritus, 

I 
rich in f f nes, we re found where the Cape Lidden talus sheets were 

being und~rcut by wave~ action. The existence of such fines could 

represent an exte nsive source of sediment load for the water 

drainage I hrough the talus. 

T e foot slopes: At the talus foot the major break in 

I slope fo~s the boundary of the talus foot slopes as described, 

and the r , golith tex~Jres, like the surface gradients 7contrast 

markedly ln either side of this lit1eo At the break in slope 

these sloJ es are :omprised of coa rse, angular debris, probably 
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Fig 2:9 Fines included in talus slopes near site A 1970 

Fig 2:10 Pette·ned ground r~pr.~sentet~ve of the mid talus 
foot ~lo?P.~,~ite A, Q70. 
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deri ved from the talus, and exhibit occassional small fine-

\ 
cent red lygons. Down slope the surface cover of gravel and 

boul ders decreases and the matrix of fines gradually predominates 

until ,at the si1 t plains, gravels are rare or absent. 

- , atterned ground is apparent in the form of well developed 

nets of ~igh centred polygons and vegetation stripes following rill 

courses( ig. 2:10). This co-existence of striped and polygonal 

features same slope appears to be a response to two 

differen slope processes or conditions, namely the availability 

of water (vegetation stripes) and the presence of frost sorting 

(high centered polygons). 

ese talus foot slopes are referred to frequently in the 

periglaci 1 literature, although the genesis of the deposits and 

the slope profile remains unldea c (chapter III). 

The silt Qlains: These can be considered to be a member 

of th e · mo ~phological and textural continuum of the talus foot 

slopes 7al t hough a textural boundary could sometimes be distingui shed 

thus defi l ing them as a distinct terrain unit. In either case, 

they were found to vary little in texture, being predominar.tly 

silts, si t loams, or loams with rare occurrences of gravels. The 

vegct atio1 cover consists of grasses, mosses, Papaver and Arctic 

Willow \oThllch had cclonised much of the hummocky surface. The so 

called ' ~ntemporary silt plains' at site S.P.G. (fig 2:4} ere 

still bei1 g added to by slope sedimentation and are ~~t hummo~~y 

in surfac relief, merely possessing an unsorted · net surface. 
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The silt plain s~nsu stricto possess a buried organic horizon 

at 8-24 om. and a nother one at 38-45 em. Judging by its slope 

p::>si tion this fea ture was probably caused by the accumulation of 

sediment in a fluvial or lagoonal environment. 

n similar topographic positions occur meadow tundra; 

p::>orly d r ined a ::-eas with a continuous organic cover usually 

develope:l_on a thin, black fibrous peat cover. The underlying 

mineral rna[ tter wa s found by Jackson ( 1970) to vary within the 

range loa s, sandy learns and sandy gra~Jels. 

Rl ised bnach areas: These areas are not merely raised 

areas of \ ravel, but vary within the bounds of coarse gravels, 

gravelly oamy semds and gravelly loams depending on slope position. 

As stated, the terraced features present on the raised beach 

terrain ~ssessecl a contrasting surface cover. The back slopes 

consist o~ gravels occassionally sorted into stone stripes but 

. I 
fines do r ecur often in the form of parabolic hummocks which 

merge downslope into the surrounding gravels. Such features are, 

I as yet, u d9cumented and are not sufficiently well understood to 

warrant a genetic name . 

TJ e foot slopes contrast markedly with the back slopes by 

possessing a high prop::>rtion of fines in a framework of subrounded 

to rounde~ med i um gravelso Unlike the taius foot slopes, the 

surface elver of stones tendsto increase away from the break in 

slope (i. t· down slope) • This phenomemn will be discussed in 

Chapter V] . 
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These five units represent the main soil/geomorphic 

classes xamined. All sites show that soil development is 

inbi bi te · , horizonization is not apparent, apart from the 

surface layer in certain tundra soils and translocation of physical 

and chem Jcal oonstituents9although documented (Jackson 1970},is 

rare. T1 e soils of the area fall into Tedrow's (1966) Polar 

Desert c l ass, soils that are associated with a down slope 

catena o~ well drained (Polar desert}, gley {Tundra) and organic 

soils (adg). Features of ped0 genisis are poorly developed 

al·though gleying occurred at depth in wat~rlogged silt learns 

near siteD (fi e 2:4} and surface effloresoa~ses of silts some-
. I - · 
times app,ear during dry periods. In such rigorous environments 

weatheri j g is presumed to be predominantly mechanical with chemical 

h · I 1 · . b ·d· 1 J k h 1 weat er~ng p ay~ng a su s~ 2ary ro e; ac son states t at on .y 

Ca++ is Jobilized to any significant degree in the soil. 

edrow and Cantlon (1958) and Hopkins and Sigafoos (195 1 ) 

consider in situ weathering combined with inheritance from the 

bedrocks to · be of major importance in the genesis of the texture 

of Arcti soils although tills, as stated, could also provide a 

sour~ of fines in many areas. 

Climate: 

Dr von a nd Cornwallis Islands come well within all defini tiona 

of the pef iglacial environment although they are only loosely 

periphera~ to the glacier ice of today ••• ' (Embleton & King 1968), 
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- the nea rest glacial ice being approximately 75 miles to the 

east. C~\ nditions are rigorous with a mean daily temperature for 

February and July of -33°C and +5°C respectively at Resolute 

(fig. 2: 1). Climatic data for Resolute can be taken as reason-

ably ac rate for S.W. Devon Island because Radstock Bay is at 

the same latitt~de and within 100 miles of the Resolute meteorological 

station. 

uch significance must be attached to the quantity of 

precipitj tion and the metereological factors influencing spring 

thaw as + ese cri ticel.ly affect the amount and timing of the spring 

thaw mel , waters. 

P\recipitation occurs mainly in the summer and early fall 

and is associated with influences of cold air from the Arctic 

Ocean and Beaufort Sea which, when crossing the relatively warm 

I land;,_ lead to atmospheric instability with associated storms. In 

the montl of September and October the precipitation falls mainly 

as snow ich then remains through winter to form the bulk of 

the snowpl ck during the spring thaw. Total precipitation is not 

very reli t ble for,es Cook (1960) indicates,the trace falls of 

snow can J ccumulate to form a significant snow thickness (12-

62% of anmJ ual total water equivalent) and consequently the measure­

ment of s o"rpack thickness is prefe r a ble. This has the 

disadva nt ge of requ i ring a rigorous snow survey and therefore 

cannot be assessed from precipitati on records. 

T e mean annual p recipi tation is low, around 135 mm. p. a . 

(Resolute),but the hydrological environment differs markedly from 

the t of lo\w lati tude , low rainfall
1 

a reas because most water 
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is in st~ rage as snow and 

the year l Fristrup (1952) 

permafrost ice during nine months of 

however, considers areas of similar 

climate in Peary Land, N. Greenland, to be analogous to low 

28 

lati tude arid areas and he designates such areas : Arctic Desert. 

e snow
1
on melting ,leads to rapid discharges of water 

although some remains behind as soil water and storage in snow-

patches. Evaporation is usually low throughout the spring and 

summer dl e to frequent foggy and cloudy conditions. 

e thaw season is usually under way by mid June. ' -

Tempers. although not very well correlated with the rate of 

w. Data from Arctic summary for 1964-68 indicates that 

I 

une, mean daily temperatures rise above freezing sporadically 

but this r ise is not consistent until the period 15th-26th 

approx~maiely. By late June/early July the daily mean minimum 

temperatu r es also rise above freezing and remain just above 

unti l aro~nd mid August. 

It the summer of 1970 at Resolute, the thaw season was 

late and ·he mean daily temperature did not rise above freezing 

unti l the 21st of June. At this time the snow depth reading was 

11 11 , . the , arne as at the beginning of the month and the final sno~ 

recorded s a trace, fell on the 23rd. This period from the 21st 

of J u ne u early July (when the rivers reached peek discharge) 

can be co sidered to define roughly the duration of the peak snow 

melt season for 1970. 

I 
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The 1971 thaw season at Resolute started earlieG for 

by the 8 rlh-9th of June mean daily temperatures were consistenly 

above fr ezing and by the 21st even the minimum daily temperature 

I 
\res above freezing. The final snow fall was recorded on the 11th 

when snol depth was still 15"; the snow depth in fact decreased 

from 19" on June lst to a trace on the 21st. 

In general, in 1970,the snow depth was low and the thaw 

season wl s late, commencing around June 21st. This thawing was 

I 
accelera i ed by a 12 mm. fall of rainfall on June 26th which led 

to higher input of water into the drainage systems. In contrast, 

the snow depth on June lst 1971 was higher and melting started 

early, a f: und lH:h-lSth of June. The tha~r period therefore 

occurred well before the arrival of the writer on June 25th and 

by then ·he overl·and flow system was stabilized into its summer 

pattern. 

. I 
The drai~aoe of the land surface: 

Water in the drainage system was ·supplied by the melting 

I . ··1 d · · fh f d snow pee · , 1nterst~t~a an ve~n 1ce o t e perma rest an occas-

sional i puts of rainwater. Cogley (1971) considered the first 

named to be the most important in the spring with rainwater 

assuming the prime role during the summer when the snow cover 

was limi ed to snow patches. 

luch inputs of water combined with the early season high 

permafro t table led to a rapid evacuation of waters ac1 ross the 

I 
I 



30 
1-:. .. ; 

I 
land surface anc through the shallow active layer. As the summer 

developer· the relative significance of these drainage types 

cha~ged nd no attempt will be made here to establish a hierarchy 

of ~mpor nee. 

1, Supri nivel flow: 

~is occurs early in the thaw season when surface drain­

age is d 1 r....Anged and immature and the active layer shallow. Flow 

takes pl , ce through and across the snow p3ck, the latter condi tim 

being rep, resented by anastomcsing channels which merge into supra­

niva l sh+ t flow in an unpredictable manner do.,.,slope. Supra• 

nival fl, w also o ccurs i n conjunction with mid and late summer 

snow pat, hes tha·t remain at breaks in slope. This will be 

elaborati d in cbnpter V. 

2. Overlj nd flm·n 

a) Rill f lo\..rs: After the ground surface cleared of snow 

a stable bparal lel set of rills developed (fig. 2:12, 2:13, 

2:14) on These rills 

appeared flO\..r across the frozen ground surface early in the 

thaw, but as the active layer deepened it became apparent that a 

froz e n g1und surface was not necessary for the support of the 

rill systr~ 

A l large p roportion of rills have their source between 

0.5 and 1~ mo fro m the talus foot. In general, water from the 

talus slo~es flows pnto the foot slopes via the coarse margins of 

patterned ground an d after several minor channel confluences this 
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Fig 2:12 Su~-parallel sets of rills ,si te A,~970.Snoi~atch 
A in foreground. 

Fig 2:13 The i nterf1o~.,r--o'1er Rnd floH j unction, s{ te D. 
St~ff divided into lOom. sections. 
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Fig 2:14 Rill flowing across talus footslopes,late June 1970 
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water em, rges at the surface in the form of rills. Dimensions, 

flow vel cities and discharges are given in (table 2:1) 

TABLE 2:1 

RILL PARAMETERS 1970 

I 
Mean 

Mean * hardness 
Rill width llepth Velocity Discharge S.D.R. mg/litre 

Station _em. -~ em. cc/sec grn/da~ ~ +Mg Ca 

D 35 2.5 47.4 2277 3.5 72 55 
A 26 3 44,.2 1728 6.3 85 60 
G 1 20 4.6 52.8 2385 49.5 97 66 
G 11 3998 37 

* Sedimen1: discharge recorded (chapter IV) 

I -
br Sheet: flow: This flow type was not common in the study 

area but t ccassicnally occurred along the downslope portions of 

rills, for example, on rill D 1970. As stated by Emmet1 (1970), 

sheet flo tends to occur in a series of channels separated by 

sheet fla t ; this and the fact that sheet flow actually occurre d 

along ril l channels 

of the ri 1 system. 

c Polyg•:>n 

indicates that sheet flow was mainly a member 

margin flow: Early in the thaw season over-

land flow is cond·.Jcted along the margins of high centered polygons. 

These tern rary a nasto~o sing channels could be traced later b y 

3. Inter 

d t'!fined in the context of this thesis as the 

relative! r a pid r·lot-r of water through the active layer of the 



grouiJd, sually 8cross the impermeable surface of the penuafrost 

table. 

The porous open\oJOrk talus and gravel backslopes are 

usually by interflow systems of small channel flows and 

stone st ipe flows conducted across the permafrost table. Inter-

ta~es place as sheet flow through the macro voids in 

, although the dominant evacuation was .via the rapidly 

flowing 1 hannel floWR'. 

Interflow was observed to be less common on the 

impermeab e low gradient slopes, but the coarse and depressed 

margins o f high centered nets usually transfer a significant 

quantity of water through the regolith. Dye tests indicated 

patterns fig 2:15) and flow velocities (table 4:1) for this flow 

type, but as available water decreased through the summer this 

polygon mr rgin interflow assumed less significance. 

S'lilch flow types are the dominant interflo\or types on low 

angle slot es, but a peculiar situation was noted near site D 

late in ~e summer,l970. Here fines possessing a low infiltration 

capacity J verlay open work . gravels which conducted a rapid 

discharge of percolating water from upslope. No similar instance 

of this f J ow type was found. 

T, e later features of the drainage system (2 and 3) became 

established after the early thaw season supranival flow period. 

Their reg me appeared not to be fixed. As the summer developed, 



sitQ A. 6, 7, 70. 

I,.,-

' \ I 
I ' 

"' 

I 

\ 

/'\ 
..y ;- - ..... 1 
I / 
i/.F 

/ 

I ~-- -'"""<._, .... 
1 '" '...1 

I \ \ 

~ ~ _,) 
I /\ 

,~ .... ,'--'"' J 
I I I 

I ~ 
! -li '\ 

'\J I ) ... - .... '( 
\ I I 

\..._ --, I'\ 
c ' r 1 . } ' ( v .. \ _.>, - i 

{ .... , ......... ( 
\ I ' ..... ,. 
\ I I 7 

\ 'I 
I \ 
I \ 

/ \ 
/ ' -~.. , I 

/ !"-' .._ J 
.... ---- \ .......... 

' I -----, II 

/ ' / 
\. 

' \ I 
-- .., _J_ - - ...J 

\ \ \ 
I I 

\V v ~ 

/.,--

I 
I 
I 
I 
\ 

\ 
) . 
I . 

f 
I -i . ' 

( // 
\ . 
·I 

) 

I 

~~· , ... 

\ 

\ 

\ 
\ 

' ..J \ 
\ 

\ 
\ 
\ 
I 

I 

\ 
\ 
\ 
\ 
\ 
\ 

\ 

'y 
\ 
\ 

\. 

I 
I 

0 1m 
I I 

I 

main chann<? l 

sacondary ., 

Fig. 2 : I5 Subsu rface polygon margin flo w p atterns . 

35 



36- . _, ·~ 

rills dr~ ed up, usually at the upslope end first and consequently 

i~terflo!ex~anded , albeit at diminishing rates. Zones of rill 

flow frP- ently alternate with interflow downslope depending upon 

surface onditions, infiltration capacity end water content. Some-

times th·s alternation ~ms spasmodic and irregular, especially on 

complex . l o !.'les, such as those at the foot of Signal Hill, Resolute, 

which co sisted of feleenmeer, talus, and gravelly sands and loams 

distributed in an unpredict~ble manner. 



CHAPI'ER III 

LITERATURE AND PREVIOUS INVESTIGATIONS 

The examination of the literature pertaining to over-

land flo• and interflow in the periglacial environment is complex 

and invo] ves the study of a variety of associated processes and 

environm lnts. 

or 

a 

he follm.ring topics, all relevant to overland sedimentation 

fluvial processes , will be briefly considered: 

Fluvial activity in the Arctic. 

Surface wash and rill flm" in the Arctic. 

c) Snowpatch and nivation phenomena. 

d) Previous descriptions of topographic types similar 
to those on which the present study is based. 

Evidence of slope wash from Pleistocene periglacial 
environments. 

Sediment movement in semi-arid areas. 

in the Arctic: 

Little information on this topic is available, but Cook 

( 1967) wo t king on 1h e Mecham river, Resolute, outlined the salient 

features f the snow melt runoff system as: 

i A pre-melt period in early June during which snow is 
lost, mainly through sublimationo 

I 
I 
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ii A period of intensive melting lasting about a week 
after the daily mean air temperature rises above 32°F. 

ii A period of catastrophic flood and continued rapid 
melting of snow in the basin. This period is of about 
ten days duration and discharges c. 90% of annual 
runoff. 

iv A period of sharply decreased flow which continues 
until the river freezes to the bottom. 

v After mid-September a period of snow accumulation 
until June. 

Cook considers that the period of catastrophic flood is not 

primaril an agent of erosion, but one of removal; i.e. material 

supplied r y weathering end mass movement is finally removed 

completelJ by fluvial action. 

Cr gley (1971) working on 'Jason's Creek', a small river 

flo,oting i r to Radstock Bay, adds quantitative confirmation and further 

details to the generalizations made by Cook. 

Tl is pattern of events as outlined by Cook and substantiated 

by Cogley seems well established, but Rudberg, working on Axel 

Heiberg I r lend (in Pewe 1969) considers the production of the 

'obvious and widesoreed evidence of running water' to be somewhat 

of a mystl ry. In ~he season under consideration little water was 

added to he system by spring snow melt end it was not until after 

the mid J't!lly rains that f1uvial action became significento Such 

a di ffer~ce could be ascribed to temporal or spatial variations 

with i n th periglacial environment. That is, due to the spatial 

variation of the climate of Arctic Canada or because the summer in 

question, 1961, was atypical of the climate of the area. Such 
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problems are not: resolved by Rudberg, but they indicate that 

generali t ations about the periglacial environment should be 

rest ricti d to the area and time period under consideration. 

Jissart (1967), working on Prince Patrick Island considers 

erosion 1uring the spring flood to be diminished due to the presence 

of ice o 1 the river beds. This, however, is not in contradiction 

with Coo . , who as stated, considers fluvial action to be mainly an 

agent of removal aro ·transport. 

Arnborg et al (1967) made investigations at 70°N on the 

Colville river in Alaska and in general corroborates the sequence 

of Cciok. The su~~er is longer though and the thaw season of 

slightly greater duration, being three weeks during which about 

43% of th water and 73% of the annual inorganic load are discharged. 

b) Surfape wash a nd rill flow in the Arctic: 

S~die~ of slope wash in the Arctic are meagre and many 

workers treated slope wash as a subsidiary process; hence the 

little s died process was deemed to be of little significanceo 

Two studi s giving more emphasis to slope wash are thoeof Jahn 

(1960) an r Czep~e (1965), both were made on Spitzbergen between 

?? . and 80° N~ 

J t hn (1960) measured slopewash by setting sediment traps 

on seven i ifferent slopes in Spitzbergen and reported that slope­

wash was of significance especially during the spring melt season .• 

He int~rptets this as a slope lowering process (1 mm. per 150 years) 

per um .. t rea thereby assuming that all of the sediment tra pped 
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~~s com~ng from within a defined catchment area. Such a condition 

is considered weak by the writer for it is possible that material 

swept from upslope, was partially deposited in the catch-

with only the residue being caught in the traps. Jahn 

does not state whether this movement is by suspended or bed material 

load. 

ltzeppe ( 1965) 'in a qualitative · study on south west Spitz­

bergen )ir\ in favour o~ slopewash as an active agent of denudation. 

The over and flow occurs on and just below the surface as rills 

and shee wash. The latter was noted mainly on the lower slopes 

and was bserved to have swept down a significant amount of materiel 

from ups]ope. The rills, flowing in subparallel lines downslope 

had the + pearance of non-sorted stripes, but such patterns were 

later 'r touched by autumn multigelation'. In conclusion he sta tes 

that sheet flow dominates over rill flow and acts more as a denuding 

agent thar an erosional one. Accumulation of sediment was in the 

form of Jin covers and thus easily escaped the attention. This 

study places much emphasis on the recording of events during the 

snow melt season as well as on observations of the wide variety 

of overlai Jd flow types. In addition, the observation of subtle 

features f slope deposition and the possible disturbing effect 

of multigl letion show that, although no attempt is made to evaluate 

the quantl1tative effect of slope wash in denudation, the study 

outlines he salient features well. 
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~any other studies either consider overland flow as one 

aspect o l a large geomorphological study (Bird 1967, Rudberg 1961, 

Cook 196~ , 1967) or relegate it to unsystematic obserJations 

subsidia~ to the main study (Rapp 1960 a. and b . ). Bird considers 

slopewas I to be of greater significance towards the base of slopes 

but litt e evidence is quoted to suppo~t such en observation. 

Rudberg, working on Axel Heiberg Island, stated that: •samples 

taken showed that the transporting ability of subparallel rills 

was ificant 1 • The only evidence of such activity was after 

the July ains when erosional forms and immature fans were observed. 

It is uncl ear whether these features were normally formed during 

the sprinl melt season or just during mid summer storms. 

Cook (1967) also considers rill wash to be of significance 

only duri~g summer rain storms after which he noticed extensive 

surface dt positional forms, 

I r his extensive studies in Karkevagge (1960 a.) and 

Templefjo l den (1960 bo) Rapp considers rill action in its context 

of being 0ne of the processes of removal of material from talus 

slopes. e states that in the hierarchy of slope movement processes 

under con ideration, running water (removing solute load) is of 

greatest J mportance whilst talus creep is of least significance. 

Slope ~s1 .,;~s no~ placed in the hierarchy, but was considered to 

be of m~ r ~mpor~ance on the till and grass covered slopes of 

Karkevagg (68° 26 1 N). Similarly in Templefjorden (Spitzbergen)he 
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judges rill action to be of minor importance , for only on three 

occasion did rills possess suspended sediment load and on one 

of these the turbidity could be related to a mud flow on the talus 

slopes. He concludes that neither bed load nor suspended load was 

able to . orm deposits in front of the talus base. 

ically 

general 

factor. 

f the papers examined, the ones treating slopewash specif­

j J dged it to be a significant process and those of a more 

ture or on another topic deemed it to be only a minor 

he conclusions were therefore, almost auto-catalytic, 

intensive study led to an increased signi~icance in the process 

studied, ence further intensive study was required. Such factors 

are also banfuse~ by the widely differing environments studied and 

· 11 I th · b · 1 · · · h · · 1 · 1 1 ustrai e at great var1a 1 1ty ex1sts w1t 1n per1g ac1a areas, 

c) Sn~w r atches and nivation ohenomena: 

J •st as the winter snow pack melts in the spring to provide 

meltwater for rills and rivers, the residual snow patches that 

remain in ·o the summer continue to supply . the ever diminishing rill 

systems. The actual proportion of ril~ sup9lied by snow patches 

is uncertain from the literature, for Lewis ( 1936 and 

the sno\.., Ja tch to be the main source whereas, ~.IcC abe 

1939) considers 

( 1939) and 

Dinely (1 both working in Spitzbergen agree that some. moisture 

could see into snow patches from upslope. 

L wis (1939) describes snow patch conditions and then 

continues y relating the features found to the theory of niva ·tion. 
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The holld w in which the main snow patch was located consisted of 

a gentle slope of stones in a matrix of 'mud' ba~~ed by a steeper 

back sloi of boulders end stones in clay. Features observed 

associate[ with the snow patch included bands of 1grey snow' which 

were thic est at the base of the snm" patch. The snow patch base 

was usual y frozen, but when heavy rain was falling the snow patch 

was saturr ted and the basal layers melted; associated with this 

melting wr re sma~l runnels which constantly moved.materia~s up to 

the grade of med1um sand. Later, when basal melt1ng cont1nued 

_up into t i e snow patch, such runnels carrying sediment were found 

in p i ts s ,nk into the snow and were observed to form minor debris 

fans . Le \is considered that melting was a temporary condition am 

freezing ~uld again set in; this alternative freezing and thawi ng 

would the, comminute the bedrock, thereby supplying fine materials. 

He 'confi~s' this freeze-thaw process by observing that large 

amounts o 4 fines occurred beneath and adjacent to snow patches. 

This niva, ion effect thus, finally leads to the entrenc~~ent of 

the snow atch into the backslope forming a true nivation hollow. 

The analy is only tentative though, for freeze-thaw cycles are 

not of gr significance in the Arctic as previously supposed, 

{Cook and aiche 1962 b.) and are diminished further under a .thick 

snow cover (Embleton and King 1968). They are probably more 

significanl u nder a thin snow cover where meltwater is available, 

but t he ac~al degree of mechanical weathering is un ? roven. Lewis 

(1939) guo es the occurrence of fines under the snow patch 
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as proof of mechanical weathering, but fails to consider any 

other so rce of supply. 

similar observations. The snow patches 

s~~died ere underlain by a concave-up layer of basal ice probably 

formed b freezing of water from melting ice or from upslope. Some-_ 

times, r~wever, a thin surface layer of thawed soil, underlying 

atch was observed. Like Lewis, McCabe assumed that 

such a situation would pro~nte freeze-thaw action. Deposits of 

fine mud . . ere noticed to occur beneath snow patches and when 

disturbed, these would flm>t out into the snow patch rills. D<..Jring 

undisturbled condi tio:Js transport in such rills was negligible. 

M abe continues by stating that the above quoted information 

points ongly towards nivetion as an active process, but Belchin 

that SJch snow patches played a protective role. The conclusion 

a\m by McCabe is that nivation is more active on soli-

fluction lopes, but varies with the nature of the rock. 

sand flow and fens. Although such snow patches were incised. up 

to 1~-2m. into the underlying deposits, Nichols considers this 

to be a mt nor process. 

Di nely (1954) examined gully snow patches and showed that 

water passed under the snow patch as a thin film or along minute 
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channels; this water, supplied from upslope as well as from the 

melting j now was then able to bear away the fine mud and comminuted 

p9rticle I resulting beneath the snow patch. 

"ssart (1967) essentially agrees with the above observations 

although e adds that the evolution of steep slopes which shed water 

rapidly isclower than that of gentle slopes where solifluction 

is active. This he considers to be the mechanism producing the 

sharp breJ k in slope in nivation hollows. 

Tr e above papers emphasiz e that water from the snow patch~ 

or possibly from upslope seepage, flows beneath the snowpatch and 

washes marl erial away. Most writers then conclude that such fines 

were prod ced by freeze-thaw action; the existence of such fines 

I 
demonst ra f es that freeze-thaw processes are present in such micro-

envi r onmej ts. This tendency towards ciroJlar argumat could be 

reso l ved my either a more intensive study of freeze-thaw processes 

associate , with snow patches or an examination of alternative 

Topo~raph 'c nomenclature: 

fundamental topographic types under consideration, 

namely ta ~us and foot slopes and terraces located on raised beach 

gravels wdre described in chapter I. Previous investigators, 

when disc~ssing such morphological types/have tended to use genetic 

terms in the basic descriptions,thus imposing a degree of certainty 

not justif'ed by the present state of researcho 



Jehn's (1960) classification can be su~~arised as follows: 

Weathering rock walls (p:'40°) and slopes covered with a 
thin talus cover (25-40°). 

Dry gravity talus slopes and cones (30-40°) and humid 
slopes ( 15-25 °) • 

3) Solifluction terraces a) high short talus terraces 15-25°. 
b) medium length terraces 10-15°. 
c) long low terraces 3-10°. 

4) A zone of sedimentation by slope ~reter and disappearing 
Solifluction symptDmS 1 2°-5°. 

s·rd (1967) makes a similar classification by dividing such 

1 . I 
s opes ~nr: a steep rock wall, a talus zone and a solifluction 

bench . Tb is lowest bench is considered to develop frequently from 

I 
marine si t ts or glacial deposits and is thought to be associated 

with slopi wash on its lowest sections~ 

Tricart (1963) when examining slopes in cold climates 

makes a t 1 ree fold classification similar to that of . Bird. Its 

lack of genetic terms makes it less misleading than the previous 

I 
two descri ptions by Bird and Jahn, but he does add that solifluction 

attempts to smooth the low angle slopes and that such slopes also 

receive d J posits from slope runoff processes. 

T+ writer considers Jahn 's lower two divisions ( 3 and 4 )to 

be misleaJ ing because at the present time no research has demonstrated 

the exist nee of two mutually exclusive lower slope zones. Such 

slopes are probably polygenetic being subjected to solifluction 

and tation by slope waters. 

In addition to these slopes of complex genesis, many 



periglac"al slopes possess a complex, stepped morphology. Jahn 

(1960) o~served steppedsl~pe profiles on Spitzbergen and stated 

that, alt ough in many respects they resembled altiplanation 
I 

terraces, they could more readily be attributed to . denudation 

of less 

1

esistant strata. 

Tt e terms altiplanation terrace and nfvation hollow refer 

to featuri s that are essentially similar in form and possibly in 

genesis (Embleton and King 1968). These features consist of treeds 

of predom\·nantly fine me terials, backed by steep slopes of bare 

and angular talus (Eakin 1916); sometimes this backslope is 

rep~·aced l y rock wal ls (Czudeck 1964). The feature has also been 
. I 

observed ra be cut in bedrock (Te Punga 195~S.W. England) and 

such cases have been covered with a thin veneer of superficial 

deposits. 

Ti e genesis of such features, if indeed they ere all 

rela t ed tO the same process,is not yet clear. Waters (1962) and 

I 
Botch (19 1) state that the upslope edge of initial transverse 

depressio worn back by 'frost sapping' and nivation, thus 

leading parallel slope retreat. The fines produced by snow 

patch act"on {Waters 1962,·Lewis 1939, Cook and Raiche (1962 a.) 

are 

are 

then l emoved by rill wash and solifluctiono If these processes 

opera~ive it is likely that a delicate balance will exist 

between su ply (fro st action and comminution of slope materials) 

and removal . 
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~s stated above however, many nivation processes are yet 

to be em 1irically substantiated and the addition of such nebulous 

terms as frost sapping to such theories leeds to a fragile the-

oretical structure and such terms are not yet justified by qua-

ntitativ studies. 

Bbth of 

associate[ wi th 

associate~ with 

in cbapt~ II. 

the above slope sequences examined , i.e. those 

rock walls, talus slopes and foot slopes and those 

eltiplanation/nivation terraces have been described 

Some processes acting U?Qn these features will be 

examined ·n subsequent chaoters, although no final ex?lanation 

e) Evide~ce of slope wash from Pleistocene oerinlacial environments: 

I has been shown that information on slope wash in arees 

of contemro rary periglacial activity is sparse. This is not so in 

conti nental Europe which was subjected to periglacial conditions 

throughou t most of the Pleistocene glacialS• in these areas much 

evidence i rom slope deposits has been accrued and interpreted as 

evidence ,f slope wash. 

Pecsi (1969) actually attempts a genetic classifi cation 

of slope i ediments using c~asses depending upon: sediment dip, 

layers an microstratification, characteristics of grRin surface 

unworn), sorting and particle size. Such seditre nts vary 

between a rse angular debris with o~en work texture (collapsia) 

of well sorted fine sands and silts (deluvial slooe Loess) • . 
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()illy some of the slope sediments are classified as deluvial and 

these are thought by Pecsi to be produced in the following manner: 

"Rai ns ·r snow melt give rise to a sheet of water which carries 

away fin J particles of sediment and deposits them in the form of 

£ine.ly s'ttriated sediments either on the slope itself or at its 
I 
I 

foot. 11 Such deposits, which are frequently micro-stratified, 

usually 1lternate in layers with products of wind blown sediments, 

vertical layering 

Pecsi considers that variations occur depending upon aspect; 

deluvia ing most abundant on south facing slopes while soli­

fluct.ion b redominates on north facing slopes. 

ntlik (1960) examines rythmically stratified slope sediments 

within the context of variation of characteristics in Europe. 

Essen tial l y the Polish deposits consist of lo,.,er layers of coarse 

open workl materials grading into u pper. alternations of layers of 

sand, sil end debris sometimes streaked with humus layers. The 

1 · . / I 
lowe r coarse sediments ar~ similar to the grezes li tees of France 

I 
whereas ~e upper layers of slope wash end solifluction deposits 

contrast j a rkedly, hence Dylik prefers the all encompassing term 

1 rythmica1\ly stra tified slope waste deposits•. The above textural 

contrasts are paralleled by contrasts in sediment dips; the dip 

of the Po deposits being about 15° whereas those of France dip 

more stee up to 40°. He concludes by relating the deposits 

of France nd Poland to the prevailing continentality of the 
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PleistocJne central European climate and states that the recurrent 

bands of sediment deposited by running waters offer convincing 

evidence f the preponderance of downwash in these formations. 

'WOrkers in this field in Central Europe ire lude 

and fine ands of gravels, sands and loams dipping between 10 and 

20°. e deposits, common on slopes of the Bohemian Massif are 

oonsideri to be products of solifluction and slope wash. Leszek 

I 
Starkel (1960) actually divides similar slopes into zones 

dominated by solifluction and down wash but each zone is considered 

to be effected by the simultaneous operation of such processes. 

rl west ~entral Wales, Watson (1965, 1967) has examined 

series ofj deposits occurring on hill&opes and divides th~~ into 

products f gravity screes, solifluction and down wash depending 

on textur1 , dip, slope position end aspect. In the Aberystwyth 

region fe tures are described consisting of gentle (3-8°) terraces 

backed by slopes [(l2°-20~covered in fine scree, or (25°-

essential! of upper and lower stony clays divided by beds of 

washed and well w::>rn gravels; these he considers from textural 

and fabric properties to be solifluction and slope wash deposits 

respective y. 

'Niveo fluviatile' deposits were studied in the Netherlands 

by Maarlevt ld 

Such deposits 

(1960) and Maarleveld and Vander Hammen (1952). 

were presumed to modify the Pleistocene glacial drifts 
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by washi~g out the fines thus producing colluvial debris fans. 

J

pparently ebundant evidence can be quoted from the above 

regions, but it is clear that many of the interpretations are 

clouded y hypothesis. 

edimentological properties are examined briefly but no 

referenc is made to empirical or field "--rk pertaining to such 

deposits nd until such a sound experimental base is provided, suCh 

descripti e te-rms as Dylik 1 s •stratified slope waste deposits• must 

be retai~[d. 

f) Sedim nt movement in semi-arid areas: 

topic is extensive and only references of particular 

relevance will be discussed. 

Periglacial areas, especially the high Arctic and Antarctica 

are areas of rainfall deficiency end have come within many definitions 

of aridity (Fristrup 1952). This study does not attempt to tackle 

such defi t itional problems, but merely examine one aspect namely 

the ~~enj~al an~ual sedi~ent yield in relation to effective 

prec1p~te,1on and vegetat~on cover. 

Langbein and Schumm (1958) state that a general relation­

Ship can ~e shown to exist,between sediment yield (s), mean annual 

runoff (R~~ and mess density . of vegetation (V). This relationship 

S:~ shl ws that increasing mean annual runoff (which is loosely 

correlated! with mean annual rain fall) leads to an increasing 

sediment yield Which is then cancelled out by the increasing mass 
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density of vegetation (which again can be loosely correlated 

with mean annual rainfall.). 

S ch a relationship is only very generally applicable and 

is liable to wide misinterpretation, but empirical evidence was 

- supplied rom g e uging stations and resevoirs and lent some justi-

fication the equation. In general with en effective precipitation 

of 0 11 p.a sediment yield is nil and as effective precipitation 

increases sedime nt yield increases to a peak arou nd 12-15" of 

effective precip itation p.a. • After this pea~, vegetation 

densi ty increases sufficiently to impede erosion ~ence, sediment 

. . ld h I d . h . . . . . Th d. y~e . . t e r ecrea ses w~t ~ncrees~ng prec~p~tat~on. e se ~ment 

yield/effr ctive precipitation grap h peaks at the boundary between 

deser t scrub and grassland, therefore it is logical to examine 

I Arcti c ari a s possessing low vegetation densities within this 

context. 

T!le density of the Arctic vascular plant cover does not 

simpl y de reese with decreasing rainfall for temperature, length 

of growin~ season and available plant nutrient must also be 

consi dered. Polunin's high Arctic vegetation zone (in Bird 1967) 

extends !cross most of the islands of Arctic Cana da and within 

this zone mean annual snowfall varies between 20~and SQm . p.a. 

(Atla s of Canada). No detailed analysis is possible here, but 

the high J p ring runoff (analogous to storms of semi arid regions) 

when in~rporated with the low vascular plant cover could well 

bring lar e areas of th e Arctic archipelageo within La ngbein s nd 
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Schumm's \zone of maximum sediment yield. 

In semi-arid areas of the Sudan, Ruxton (1958) has sought 

to demonl trate the existence of 'eluviation' of fines through the 

subsurfJ ce mantle of pediment slopes. The topography is similar 

to that the study area with rocky hills occurring at intervals 

fringed steep boulder strewn slopes footed by sandy pediment 

slopes 1 ading into sub-horizontal clay plains. A sharp piedmont 

engle be 13° occurred at the foot of the hill slope. 

of this piedmont engle a zane of moisture seepage occurred 

along h moisture flowed during intense rainfall. Beyond the 

(fig. 3:1 were deposited, according to Ruxton because of the 

washing of fine particles through the interstices of the coarse 

materials of the regolith by subsurface drainage waters. 

T~e above mentioned sim:i.lari ties of topography are widely 

appar ent, \but to draw too many conclusions _from this is dangerous. 

Tricart d0es however, point out the obvious parallels by stating 

that a peJ iglacial equivalent of the 'piedmont glacis', built up 

I 
by sheet 5low from hill slopes, could well exist,but later he 

' 
concludes that the role of running water in low lying periglacial 

areas has often been exaggerated. 
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Fig 3: 1Eluviation 'of fines on pediment surfaces in 
the Sudan (after Ruxton 1958). 
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CHAPTER IV 

THE DYNAMICS OF SEDIMENT MOVEMENT 

stated, the drainage of the land surface was performed 

by a comp ex of rills, sheet flow, inter flow and supranival flow. 

Early in ~he thaw season snow mel twaters were evacuated rapidly 

due to th r hi gh p erma f rost t able and the limited basin storage. 

Runoff war also increased by the melting of the underlying perma­

frost ice and contributions of rainfall thro.J ghout the summer. 

Tl is study of sediment movement will be li'mi ted to rills 

and interf low associated with topographic features described in 

chapter II comprising a backslope, a break in slope and low angle 

slope se~ence. These features a ssociated with talus slopes and 
. I -

raised be ch gra vels are drained by interflow on the back slope and 

overland Flow (rills) on the low angle slopes. Sediment movement 

. Jll 11 1 v ~n such r l s wi be examined andre ated tp processes occurring 

in a t the break of slope and in the interflow zone. 

This quantitative study of sediment transport in 

certain rills was supported .by a large number of qualitative · 

observations in both 1970 and 1971. The measurement of sediment 

movement in rills commenced on June 30th, 1970, that is when the 

rill syste had stabilised. Before this, however, qualitative 

55'. 
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observati ns had been made on the retreat of the snowpack and 

permafrost table and on details of niveo-fluvial activity. 

Snowmelt and the developernent of overland flow: 
- I 

Most of the studies of sediment movement were conducted in 

small r J lls 20-40 em. wide, 2-8 em. deep and with velocities less 

than 60 dm./sec.(table 2:1). Discharges were less than 4000 cc/sec. 

~ arrival at Radstock Bey, June 20th 1970, snow cover in 

the studJ area was virtually continuous and by 24th June was 

esti mated to cover 90% of the surface. On the talus footslopes, 

. - I 
between sites A and G, a transverse strip of ground then appeared, 

. .. I 
leaving snow covered upper and lower slopes. mean while, the 

val l ey ~ttom area remained completely covered and was drained by 

I 
a r i ver ~lowing through and across the snow surface. 

This transverse strip expanded in area on the 27th, but 

snow covl r - was still continuous on the lower slopes and valley 

bot t om. [During this period the snow pack was ripe and became 

saturatet with 

stri p grew and 

percolating water. Gradually, this transverse 

by June 30th rills were established every 2-8 m. 

along th f slope. By July 2nd ground became exposed in the valley 

bottom a d portions of the supranival river were superimposed on 

the grouf d surface (fig. 2:4). 

Exposure of the ground surface was almost complete by 

July 5th with the talus footslopes being virtually clear whilst 

the valley bottom possessed a snow cover of 10-15%. The thaw 
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period was delayed on the south plateau end on July 8th supre­

nival ri, l flow still existed (fig. 4,1). 

~e 1971 snowmelt season at Resolute was earlier then 

in - 1970 1chapter III) and on arrival (27th June ) snow cover was 

limited i o snow patches with a more extensive cover remaining on 

the plateaus. From this date the only obvious change was the 

melting j f the plateau snowpack and the gradual recession of the 

snowpa tdtes. 

]

he presence of the impermeable perm-afrost table at a 

depth of less than 80 em. led to a rapid throughput of melt and 

rein wet rs in the form of overland flow and interflo'"· Depths _ 
. I 

to the p~rmafrost table were established by augering for two sites 

througho~ t the summer of 1970 (fig. 4:3). Other eugerings were 

made on j variety of terrains ranging from meadow tundra (v fig. 

4:3 ) to l oose gravels. 

1 epths were found to vary with soil texture, water content 

end vege ation cover. Organic rich soils, especially those incor-

porating . peet, possess low thermal conductivities which do not 

increase markedely with increasing water content (de Vries 1963). 

Hence the active layer at such sites remains shallow throughout 

the summt r, Due to the considerably higher thermal conductivities 

<.A ) of lay minerals and sand, heat penetration through the 

regolith \o~ould be greeter for the silt plains and regolith of the 

talus fo tslopes. The difference between graphs K and A, both 

repr esen ative of active layer thickness at their sitaes verified 
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Fig 4:1 Supranival sediment movement in south plateau rill. 
Observed movement associated with bedmaterisl tran­
sport. 

Fig 4:2 Supra-nival 8ediment 1novement across the talus foot 
snmof?ack,J,.me l970o 
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ite K although not a clay site possesses a high proportion 

of fine s diments and very few sands and gravels. This contrasts 

with site A ' located on soils with a framework of sand and gravel 

(traverse B fig. 4:3 crosses these contrasting· terrains). In 

general, or a ny given water content ~is less for cl a y 
I _, _, _, _, 

(7 meal. em. sec. °C ) than for quartz (21 meal. em. 

0 
_, I , . 

C ) or sand; in sands ~is variable a nd depends upon the 

sec. 

·I 
packing o f the grains (de Vries 1963). If site A is considered to 

" be lo?selt analogous to quartz and sand with variable packing 

indices a i d site K analoaous to a clay site, the difference in 

~ for th l se contrasting materiels willaooount for the differences 

in permaf ,ost depth for the two sites. The detailed variation 

for any t i p• of material will also vary with water content, the 

presence , f which markedly increases A for clays and sands. 

AJ ~n~ one time the depth to permafrost also varied due 

to the prl x1m1ty of snowpatches; traverse A on fig. 4:3 illustrates 

how the ddpth increased away from the snowpatch which was frozen 

at the base. 

e of the rills examined actually flowed across the 

permafrost table except during the period of first exposure, 

ho'l<rever, e table \~S slightly raised under rillso 

late June 1970 drainage conditions were observed to 

be with sup~anival flow, rill flow, sheet flow and 



interflo changing rapidly through space and time. Later, 

oondi tion stabi :.ized and the domain of' each flow type became 

51 

flow 

e two nain types of interflow examined were channeled 

gh the back slope g:-auels and talus slopes (chapter II) 

polygon margins. Velocities of the former 

'l..,ere found by the use of tracer dye deposited in the 

channel on steep slopes. These micro channels, measuring from 

2-10 em. in width, possessed velocities between 1 and 6 cm./sec. 

(table 4:1) ccns : ~ derably less than the _ velocities of rills {Bones 

1971 ). 

ercolat:.on along polygon margins was found to be most 

signific nt during the first week of the thaw when the permafrost 

table wa still ' "ithin 40 cmo of the surface (site A) and water 

availability was high. Velocities of flow,once moreestablished 

by dye tests, we :~e low (around 0.1 em. /sec table 4:1), but the 

frequency of chHnneJs was high, between 1 and 4 'channels' 

per This high 'channel' frequency oould not compensate 

for w discharge per margin and the evacuation of water per 

unit was le :~s than that of ri llso 

he deve:.opment of this interflow type was observed on 

the plat aus beh::nd Resolute in 1971. At the onset of melting, 

water WB conduc-:ed over the surface of the patterned ground with 

major co centrat:.ons developed in the low margins. As the perma­

frost ta le lm-1e :~ed and available meltwater decreased, these ma rgina l 



TABLE 4:1 

vJLCX::ITIES OF FLOW. RILLS AND INTERFLOvl. 

RILL 

Locat·on 

D, 
G 
A 

INTERF'L0\1 

~;iy9on mkrai n~ 

(c) 
Talus 

A 
20 m. 
20 m. 

100 m. 
20 mo leng th 
20 T!\o 

20 m. 
20 m. 
so m. 

( d) 
Snovpatch A) 

Through sn w 
Over ice 

Date -
3/7/70 

II 

II 

9/8/70 

of flow 

9/8/70 
II 

Through th d..n snow cover " 

Velocity 

40-50 em/sec. 
48-56 cm/e:ec. 
40-50 em/sec. 

4.6 em/sec. 
1.4 em/sec. 
2.1 em/sec. 
5.5 em/sec. 
2.1 etn/se<:- , 
lo? em/sec. 
0.6 em/sec. 
3.7 em/sec. 
7.9 em/sec 

* from B::>nes 

Oo9 em/sec. 
2-4.4 em/sec. 

1 0 25 em/seeo 
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* 

( 19.71) 
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channels became subsurface flows which gradually diminished in 

significa nce as t h e summer developed. Replenishment of these 

margins _ roba bly occurred not only from upslope and from the 

melting perma frost ice, but also from polygon centers which retained 

soil moisture well into the summer. 

flow was the main form of flow studied (fig 2:12). 

Because were open channels, a minimum disbJrbance was 

required ~ set sediment traps whereas in the interflow zone 

disturba~re of sediments was widespread and ·the sediments trapped 

con~amina e d by adventitious material. 

The of rills: 

were 

According to Einstein (in Chow 1964} the solid load of open 

channels l an be divided into bed material load end wash load; 

a -Bed material load is the coarser part of the load 

a d its rete of transport is limited by the transporting 

a i ility of the flow . 

a ,d saltation. 

Movement is by rolling, sliding 

b Wash load is the finer part of the load and can 

e sily be transported in large quantities, the amount 

bl ing limited by the availability of fine materials within 

t e water shed. · 

sJme rills were tur~id to the naked eye, these usually 

flowed ou J of talus sheets (rills G (1970) and B (1971) ). This 

turbidity was caused by the high amount of suspended material 

(wash loa ) and measured concentrations varied between 150 and 1700 p. p . m~ 



I 
G . 1 
G1 2 

ae 

TABLE 4:2 

SUSPENDED LOADS P. P.M. 

-596 
722 
552 
750 

G 1 3 
B 

L 0 m., {4n/71) 
L 40m. ( 4/7/71) 

315 
383 
581 
178 

T ese readings were higher than those taken ·on nearby 
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1Jasons Cleek' which were not greater than 450 pop.m. (Cogley 

1971). Differentiation between bed material load and wash load 

is frequel tlv difficult as one tends to grade into the other 

downslopel . 

A large proportion of rills were clear throughout the 

hydrologi~al year and turbidity was only apparent at certain times 

(see sedij ent load record). When the rills were clear the load 

was mainl~ in the form of bed material load which moved as single 

grains, f Jocs of fine silt and clay and by the downstream migration 

of duneso Such modes of transport also occurred in turbid rills 

but were ess apparent due 1o the interchange of particles with 

The sediment traps used (as described in chapter I) did 

not only trap bed material load, they also retained suspended 

material w ich was in the process of depositiono The quantities 

of sedimenf recorded in gms/day will be termed sediment discharge 

recorded ( k.o. R.) o 

In turbid rills, it was noticed that high flow velocities 

frequently gave relatively low SoDoR. (e.g 0 G 1 July lOth, 18 gms/da y) 

ae sedimen~ was only deposited in slack water around the trap 
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margino Similarly, low flow velocities give low s.D.R. reedings 

with the sediments being distributed in e thin sheet over the 

base of he trap {A§ 18th July load negligible). This effect 

-WBS also apparent when tbe sediments trapped were analysed 

(seeTex res of the trapped sediments). 

The sedi ent loa d record: 

+ asu rem en ts started on June 30th 1970 (fig. 4 :4) and 

continued \Jntil August lOth when all rills showed a negligible 

sediment nd water discharge. Before this date, during the chaotic 

early thar season when rills flowed through and across the snow 

pack, onl qualitative observations were made . During this period 

rills flo ed in many temporary channels and transported and 

deposited large quantities of fine sediment on the snow and 

ground surface (fig. 4:2). With the subsequent melting of the 

snow packl these deposits were superimposed on the ground surface. 

With the inel melting of the snowpack the rills became established 

as stable features end sediment recording commenced. 

F"ve rills yielded a record of sediment load although only 

three gav sufficiently long runs of data to be examined graphically; 

these wer rills A, D and G (Traps G
1 

and G' ') located on the 

talus lopes. Although rill D flowed across these foot slopes 

it did not debouch from the talus; as its source was a mass of 

hummocky r ised beach material located at the foot of the talus 

slopes • 2:4). The sediment traps were placed in positions 

SO m., 35 ., 20m. and SO m. from the rill source at the break 
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of slopJ hence, direct comparison of the absolute amoun ts trap;?ed 

is less [ alid th 9 n 

S.D.R./ ~me graph. 

the comparison of relative movements on the 

Such movements indicated the timing of sediment-

etion ents' in different rills. 

II 
t should be noted that sediment trap G was placed down-

a rill confluence which brought in additional water and 

sedimen • Prime parameters for the rills examined shown in table 

2:1 incl l ded; depth, width, velocity , discharge (all taken for 

one day, .July 3r.d) mee-n S.D.R., mean solution load and qrain size. 

Rills A and D were predominantly clear wi th short periods of 

turbidi t wherE-as ril l G ( G 
1 

and G
11

) was mainly turbid. 

I II 
Trans G and G : Measurements of S.D.q. at stationA 

I II 
G and G started onfue 2nd and 3rd of July respectively; mean 

S.D. :R .s w re h i<]'b , na'nely 49.7 gms/d'3y a t G
1 

and 37.0 gms/day at 

G'i. The ~~ igh S.D. I{. a t G 
1 

is lent added significance when the 

II 

confl uencj upstream of G is taken into considers tion, for this 

extra inf u~c of water and sediment di d not make up for the 

apparentl• rapid deposition downslo pe. 

days 

ctuations in S.D.R. ~rere greet,- but on the majority of 

" was greater than S.D.:R. G • 

Su h conditions predominated during periods of low to 

average wa f er flow which prevailed from July 4th to JtJly 8th and 

from July 11th onwards. 

occurred o~ the 4th and lOth of July sediment was apparently 

\ 1 II 
swept thro gh G whereas, G recorded a high S.D.R. 

During periods of high water flow which 

Sediment 
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textures lso reflected this trend (see Textures of the trapped 

sediments) and it appears that at such times the zone of rill 

sedimentation was displaced downslope. 

I general the sequence of events in rill G could be 

summarized as: 

i An early period of high wa t er flow with high, but 

luctuating S.D.R.so 

ii Water discharges decrea sed com:dderably up to the 

7th July with low S.D.R.s for both stations. 

iii A sudden increase in discharge on the 7th and S.D.R. s 

rom the 8th to the lOth reflected this by the predominance 

of deposi. tion in G 
11

• 

iv 
I II 

On the 11th S.D.R. G equalled S. D.R. G , and from 

• • I II 
on\orard depos1 tion was greater 1n G then G • 

finally ceased at both sta t ions on the 20th 

to 22nti luly when rill flow ceased. Later, in response to the 

raineto:J of 26th-28th July,rill G flowed again, but no recordings 

were med j during this period. 

~rap A: S.D.R.s were high in the early period when rill 

discharg1 s were high but by the 5th the S.D . R. had decreased to 

a negligJ ble amount of 1.02 grnso/day. With the sudden increase 

of disch1 roe on the 7th and 8th July rill A once again recorded 

high S.D] R. v a lues which reached 11 grns/dey on the lOth end 21 

gms/day on the 12th. Subsequently SoD.R~s decreased to their 

previous negligible values. 
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ltust before and during the heavy rain of the 26th -28th 

July s.D.IR .. s .for A increased again; this was not in response to 

the incrJ ased di:>charge, but was due to the increased availebili ~y 
of t from the rill head snow patch which had melted down 

to silt laden layer of basal ice. This condition will be 

expanded pon in chapter V. 

steady 

S.D .. Rs 

Finally, from the 27th onward S.D.R.s for A showed a 

det rease 6nd finally recordings ceased on August 2nd. 

1'+aP D_;_ Like rill A, this rill possessed relatively high 

d ·l. h · ··1 1' 'df 30hJ ShJl u ~ng t e ~n~t~a samp ~ng per~o rom · t une- t u y, 

· but t hen .D.R.s fell to negligible values . There was no apparent 

response o the increase in discharge on the 7th and S.D.R.s 

rema i ned ow until July 20th when s.D.R. increased in response 

to the unloading ·~f the rill heed snowpetch as recorded at A. 

After the peak of 35 grns/day on the 23rd and 24th S.D.R.s decrea sed 

to negligi ble valJes on the 27th and remained negligible until 

:reoordin j ceased on August lOth. 

Isolated 1neasurements of s.D.R. were made on rills flowing 

across the raised beach zone at Radstock Bay. These rills flowed 

from th e break of slope across the low angle terrace slopes end 

elternatior s betwf ~en rills end interflow were common. The rill 

'\oraters werr mostly clear and sediment traps revealed that sediments 

moved rnaini y as lc·w discharges of bed material load; this varied 

with f low conditions, but was not greater then 1.82 gms/day. One 

rill, hmie er, wee observed to be turbid at the beginning of July 
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when the asal ice of the rill heed snowpetch started to melt. 

The fine ateria:. from the basal ice was deposited rapidly below 

flow 

Sediment discharge recordings were also made for channeled 

alonk coarsE, stripes on the steep slopes (10-15°) developed 

on raised beach s;travels around Radstock Bay. The sediments 

trapp ed v i ried b~tween medium sands and fine gravels, but the 

effect of the disturbance of overlying materials could not be 

ascertain d. 

I 

in 

had 

s·milar but less extensive measurements were made on rills 

the Resolute area in June/July 1971. 

oi arrival on the 30th June 1971 much of the snowpack 

melted and rills were well established on the land surface. 

Rill B wi S.D.R. of 17.5 gms/day was a turbid rill flow-

ing acros a short talus foot slope (fig. ~:7). Apart from 

fluctuati the :3.D.R. gradually declined to a minimum of 

3 grns/day n July 9th (fig 4:5). 

Rills C and E were clear end consequently showed lm<{ 

' 
S.D.R. values (menns of 1.9 and 1.6 grns/day). The decrease in 

S.D.R. was again Himilar to that of rill B. ~st of the rills 

were obser ed to b e clear throughout most of the thaw season, only 

becoming tUrbid dttring the melting of the basal ice in rill head 

I snowpatche • 
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~ures of the trapp ed sediments: 

$o far it has been shown that rills differ in their 

transporfation end deposition of sediments, also, on rill G,the 

differen, ial deposition of sediments downslope has been shown 

_ to exist:\ The next step is to examine the textures of sediments 

trapped nd establish whether similar differences between and 

within . rills exist for measured grain size. 

analysis by wet sieving and pipette as described 

in 
I 

I was carried out on the following samples: G (6), 

G
11 

(6) anr D (2), A {2), A71 (1), B 71 (1), Z (2), S.B. (snow 

benk sediments) (2) and W (1); the number of samples analysed 

is indica t ed in parenthesis. Nearly all of the sediments when 

computed for Folk and Wards Mean ;;: Inclusive Graphic Stendard 

Devietionl (see chapter I) appeared to be moderately to poorly 

sorted si l ts with mean diameters ranging from 0.009 mrn. to 0.043 mm. 

The only I xception is sample W3·, sends of mean diameter 0.085 mm. 

Both hist g r a ms end cumulative frequency curves (see appendix) 

indicated th a~ usually the sediments are well sorted in the medium 

to coa rse silt range with mod~l values extending up to 70%. Most 

of the sal ples ho,.,ever oossessed a fine 1 tail 1 extending down to 

the clay I ng e thus giving rise to the high standard deviations. 

In the po~ lation of samples taken during the investigations these 

rill sediJ ents proved to be the best sorted end will therefore be 

I 
referred t as: 'relatively well sorted'. The relevant parameters 

for these ediments are given in table 6:2. 



I II 
~he tweb1e samples from G and G are not directly 

comparab~1 e, due to the rill o:>nfluence up stream of G". 0~ 
the six days samp les analysed, four days samples showed G to 
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II II I 
be coarser than G and on two days G was coarser than G • The 

mean grei sizes for G1 
end G11 

were established as 0.036 mm. end 

0.031 rnm. respec1:ively. 

on J u ly :r: 
(duri ng t l e 

consi derai ly 

do\mslope I is 

these twelve 

sample 

II I 
samples showing G to be coarser then G were taken 

(durjng the early fast flow period) and on July 14th, 

l a te diminishing period when S.D.R.s for G
1 

were 

. II 

grea ter than for G ). Al'though a trend towards fin~ng 

a pparent no concrete conclusions can be drawn from 

analyses. 

analyses of% sand, obtained by Jwet sieving, for 12 

( fig. 4:6) were more conclusive. 

II 

I 
On ten d ays G 

showed a i gher % sand th a n G ; th i s percentage varied between 

one end 2 • Sig::1ificently the maximum sand percentag e for G 
1 

II 

was o n July lOth a nd for G on July 4th end lOth. This o:>rresponded 

to the period of uaximum water flow for rills, th a t is, when 

S.D.R. fo 
II • 

G1 was low and for G was h~gh. It a p pears therefore 

due tc1 their higher entrainment velocity, were 

transporte at a maximum rate at this timeo The higher % 

of sands c r ught ir. the upper trap aligns with the limited· evide nce 

of the mea~ grai n size shoo.-m above . This d i minution of mean gra in 

size a nd s nd % could be due to two factors: 

a) a progressive 1fining 1 of sediments downslope. 
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b) Dilution of the sediment load by the influx of finer 

I II 

I
ediments from the incoming rill above G • 

s both the main trunk rill and the minor rill flow within 

10m. of one another from the same source in the talus, conclusion 

b) i s co unlikely and a) is favoured. Although not 

oonclusi evidence when examined in conjuction with that 

of the S.D.R. readings from the two traps indicates that a 

greater I antity of sediments, possessing more sands ere deposited 

up slope. 

nd percentages for the other traps ere shown in figure 

4:6. A• nd A4 possessed sand percentages between the means for 

. I II 

G and G and the only sample possessing more sand was the ~orly 

sorted s l ple from rill W.(see chapter IV). Rill ~1' flowing 

from the elus sheets, overlooking Resolute came next in the 

ranki ng, i nd the remainder of s a mples, A71 (rill A from Resolute 

raised beaches) SB71 (snowbank sediments), Zat, z6 , Dj, and D17 

I 
were all j ampled from snowbanks, snowbank rills, raised beech 

rills or from rills flowing late in the summer. 

the mean grain size of the trapped sediments was 

examined hierarchy shown below was established: 

the 

G .034mm; A .029; Z .026; D .023; B71 .017; A7 1 .012 and 

SB .o1o. 

Thi rills flmving from the talus slopes in 1970 possessed 

coerseb sediment loads and the rills flowing from raised beach 



snow patdhes and the one raised beach rill were finest. The 

lower mear value for sediments from rill D could possibly be 

related tb the nature of the subadjacent regolith. Figure 2:4 

76 

indicates that rill D was supplied by water percolating through 

a large m ss of raised beach gravels rich in fines and not as 

in rills l and A f"rom talus 

The percentage clay 

drainage waters. 

varied between 0 am 10% for all 

I 
samples a l alysed and even the samples Wand G lOth, deposited 

as ~edloai on days of high flovr velocity shoed the presence of 

a sig~ifiiant a mount of clay. This was probably deposited in a 

fJ~late state (as observed in other rills) and subsequently 

dispersed during analysis. 

I summary, the sediments varied little, with mean 

diameters grouped around 0.022 mm. (medium and coarse silts); 

all were 'relatively well sorted' except w3 , a special c a se (chapter 

IV). In G more sand was deposited in . the upper trap than 

the lower ne and mean diameters also reflected this trend, thus 

indicetin that fining took nlace downslope. 1970 talus foot rills 

appeared possess coarser loads with more sands than any other 

sediments analysedo 

The solutipn load: 

The measurement of solution load, in this case, theCa 

and Mg con~ent, was undertaken to provide a basis for comparison 

with movements of solid load across the land surface. Essentially 
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this was \an 

soh1te load 

the systl m. 

attempt to find whether transport of solid load or 

was more important in the evacuation of material from 

aily samples were taken from rills A, D and G during 

the 1970 sample season (fig. 4:7 and 4:8) toshow general trends 

of t~tal and Calcium hardness through time and these were sup-

plemente by a series of water samples (fig. 4:9) taken from a 

positions. These sample sites are ind.icated on 

figure 2; and c9n be seen to encompass a w:i de variety of topo-

R."ll s ampling is problematic, for hardness values can 

change rat idly downslope and over short time periods, hence the 

samples f~rn rills A, D, and G were gathered at the same point 

and at th r same time everyday . 

R1lls flowing across lobes on raised beach terrain over 

looking CIIar Lake Resolute (1971) were sampled to establish the 

increase In hardness downslope. These two rills were interrupted 

by short i nterflow zones and samples were taken several meters 

from thest re-emerging ril~s. The three samples for each rill, 

taken oveJ a total horizontal distance of 110 meters, increase 

in total l nd calcium hardness do,.,nslope as shown in table 4:3a. 

Further m, asurements were taken from a long rill flowing across 

and throu h gravels on the right bank of the Mecham River, 

Resoluteo As con be seen in table 4:3b and figure 4:10 total and 

calcium h rdness values increased asymptotically to values of 
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Table 4:3 
hardness 
~ 

Stati0n date rx>Sition Ca.+ Mg. Ca. pH 
I 7/7/71 upper 56 44 8.15 
II II middle 70 46 8.10 
II II lower 80 58 8.10 
II " upper 58 44 8.15 
II II middle 72 48 s.oo 
II II lower 82 56 8.15 

Ml 8/7/71 l()m.* 28 20 8.10 
M2 II ~0 54 40 8.10 
M3 II 250m. 70 52 7.90 
M4 " ~· 72 52 8.05 
MS II 480me 78 56 8.10 

* at snowpatch 

80 

__ ...o 
-o--- --o- ------,.,. ...... 

40 /)Y'// 

'I t// y ° Ca. 
+ E(£_+ Mg. 

0 
0 100 '200 300 400 500 

metrps 

Fig 4:1 Increase in rill hardn e ss values downs lope 
on rill M 1971 o 
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80 a nd 6d mg/litre respectively. The initial low hardness values 

are due to the diluting effect of melt waters fxom the rill head 

ch spatial trends were reinforced by complications imposed 

on the rill system by the diurnal melting cycle of snowpatches. 

Such a ting cycle operated on rill W, adjacent to rill A 1970• 

clearly pose complications (chapter V). It is apparent 

from the .bove data that the conditions of minimal solution load 

variation probably occur well downslope on rills where the increase 

St ch 

A, D and r· 
of s l ope 1nd 

snow pate es 

conditions could not be rigorously adhered to on rills 

Sampling took place between 30 and 40m. from the break 

rills D and A were supplied with water from rill head 

until the 24th and 28th July respectively. After these 

dates the rills were supplied from upslope sources of watero 

R A, D and G recorded mean total hardness values of 

85, 72 en 97 mg/litre and Calcium hardness values of 60, 55 end 

66 mg/lit e respectively. Although rill G dried up sufficiently 

to impede S.D.R. readings after the 22nd July, enough flowing 

water was still visible to sample for solute load. Thus, s 

continuous sequence could b e maintained. 

trend over the sampling period (fig. 4:7, 

4:8) r Ca and Mg hardness values to increase through timeo 

Until July 23rd, values fluctuated about the means with maximum 



(Ca + Mg ~ values being reo::>rded on 14th, 16th July and 21st- 23rd 

July~ Affter this, values decreased until 25th, 26th July possibl9 

in respo.\se to t :;,e rainfall of the 21st, 22nd and 24th. It is 

unlikely this was due to dilution as no noticeable influx of 

water we noted during this time. Almost immediately values 

increased dramat:~ cally for all three rills especially D and A. 

This waz ·n res~>nse to the heavy rainfall of 26th, 28th July which 

also produced a nimilar affect on nearby .1Jason 1 s Creek 1 (Cogley 

1970). I FI ed:i.a tE!ly after this rise, decline set in and the three 

rill s rea hed mirtimurn values between July 29th, 31st. Subsequently 

rill disc~arge g:r·a dually declined and . the Ca + Mg hardness values 

increased.\ until the termination of sampling on August 14tho 

Ti e final melting of the snowpatdhes A and D produced a 

confused response. Sno,~atch D finally melted at the peak of the 

rainstorm of the 27th July, therefore any increase of Ca+Mg 

hardness ue to t ne cessation of inflow of low hardness snow 

meltwater \-ras masked by the reported drop in hardness during the 

storm. The case of snowpatch A was more readily understood for, 

after the final melting of the snow~ tthe Ca+Mg hardness values 

increased r ntil Sc~pling terminated. 

sar pling from a wider variety of stations in 1970 showed 

that most rills s c:mpled from the plateau areas and other talus 

foot slope possee:sed total Ca+Mg hardness values similar to the 

intensivel studi-ed rills, that is, "'-ith total hardness values 

between SO and 90 mg/litre and Ca hardness between 40 and 80 mg/litre. 
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Such waters had probably been in contact with the soil for longer period s 

due to t l e lo\:ered percolation velocities through the raised beam 

gravels. Such standing and sluggish waters were probably warmer 

than ril waters, thus could lead to, as Bogli (1960) suggested, 

inc~ lubility at high temperatureso 

Conclusi 

the early thaw season of supranival rill flow and 

three classes of rills could be distinguished: 

Those that were clear throughout the summer period. 

Those that possessed a continuous, but erratic sediment 

·scharge in the form of suspended load. 

These rills that exhibited a S.D.R. peak during the 

loading of sediments from rill head snowpatches. 

en rills were clear, sediment movement was in the form 

of bed ma~erial load, this was usually transported in small amounts 

and only ssumed large figures when rill discharges were exceptionally 

high. 

were turbid the sediment load ~as much less 

clearly related to dischargeo This turbidity could be traced up­

stream wi l hout any diminution, to the break of slope. In some rills 

e. g. A an1 D this turbidity was related to the conditions in the 

rill head snownetch and in others, e.g. rill G no source of 

sediment rould be directly found. It merely eppeard that the 

sediment i oad came with the rill waters from the talus slopes. 
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All streams exhibiting any turbidity were found to have the i r 

source of \sedirnen ts upQlope of the low a ngle slope, either a t 

_the rill l ead snowpatch or in or above the talus interflow zone. 

The forme case will be examined in greater detail i n the next 

chapter. From the above mentioned evidence the precise delimitation 

of supply areas therefore appears unclear. 

T} depos~· tion of sediment on the low angle slopes presented 

a clearer icture .. In the turbid rills sediment ,.,as noticed to 

be derx:>si ted downnlope in a zone of deposition that oscillated 

dep~nding pon rL.l discharge fluctuations. This tentative 

·conclusion will bEl reinforced for late season flow in chapter V. 

In addi tio , finir1g of rill sediments 'b:)ok place downslope but this 

did not aff ect the whole spectrum of grain sizes, for samples 

from the t l . sedirrent tra!)S in r i ll G showed a diminution in the 

sand fract on downslope but a much less clear decrease in the mean 

grain siz i . 

This depo ~ition of sediment downslope contrasted with the 

soluti on 1 according to sampl~s from Resolute in 1971, 

increased wnslo9e. Such an increase was also established by 

Cogley 

Se d .i. scharges in the rill were sporad ic. However, 

the total ediment discharge- from such rills calculated from · 

most rills than tho t':) t al d · scharge of C <:1.+Mg in solut ·on . 

The irnportnnce in this study lies m t in the total amoun t 



of mate,r:i. 1 moved, but in the redistr.i hll '::i:m cf thf' mAt-erials 

across the land surface. Here the sedi'Tlent lc'.'ld is 

more impo tant because zones of redistribution and O':'lncentration 

have y been pinp0i~ted whereas most of the solution load 

is transpo ted str'.'light out of the system without eny precipitation. 

Other tributions will be examined and el~borated for the 

break of s ope zone in chapter V. 



CHAPTER V 

THE SNOVTPATCH CASE 

stated in the previous chapter, the occurence of a 

thaw sea n was usually related to the washing of fine sediments 

Such sno etches therefore, demanded further investigation. 

ree main aspects of snowoa tches were examim d: 

1) Their effect upon the: vrater discharge of rills. 

2) Their effect uoon the sediment discharge of rills. 

3) Their effect upon sediment: deoosi tion at the break 

of slope. 

Before these aspects are treated it is necessary to out-

line the pe, location and cha:::-ecteristics of the snow-patches 

studied. 

All of the snowpatches examined would belong to Lewis's 

(1939) fi t category, namely, transverse snowpatches whose rnajar 

exes are the major drainage lines. They were 

located al ng the m3in breaks of slope, s i tu~ted at the foot 

of talus on the t~rrece feet1;res mentioned in chanter 

I and on ateau surfaces. The actual snowpatches studied were 

located at sites R, D end J (1970) (fig. 2:4) and at A, B, L 

and M ( 197 ) (fig. 2 :7). These snoW:J•stches were found on a 

87 
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I 
variety ~f terrai n types including the plateau surface, raised 

beaches te.lu .3 foot slopes. In addition, a large number of 

snowpatc. es ..,,ere qualitatively examined, photographed, sampled and 

mapped for speci 1:ic features: supranival gravels, depositional 

features, ice tu:mels etc. The aspect of the sto v1patd-es examined 

varied be~;.Teen north through SOU.th to west. 

in early 

snowpack 

In 1970 £mowpatches began 'b:> exist as 
I 

..lrune after being isolated by ablation 

l overins most of the ground surface. 

separate _features 

from the shallO\., 

Lewis (1939) stated 

that a ma 1 or factor affecting the perpetuation of snowpatches was 

theirbulk as well as aspect and prevailing micro-climatological 

condi tions. 

occasions, 

indicatin1 

patches . 

On departure from Radstock Bay August 21st, 1970 

snowpatches remained, including snowpatch A, thus 

the perennial and comolex nature of some of the snow-

Characte rilst~ cs o >• th e snowoa tches: 

S wpatche s, being the sole surviving remnant of the winter 

snowpack, xhibi t marked signs of metamorphosis and by July and 

August the snow it; compact, granular and ripe. Ripeness is 

associated with the readiness of the snowpack to transmit and 

discharge t iquid •.vater and is defined as such when it contains 

all the wa r er it can hold against gravity (snow hydrology 1956). 

Pi s were dug in e variety of snowpatches during the 197~ 

71 season \nd those sunk in snowpatch A, August 1970 were typical 
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of those in other snowpatches. The first pits excavated in snow 

patch A evealed alternations of ripe snow and ice as reported 

by Lewis (1939) 1md McCabe ( 1939). Tre lower layers of snow were 

frequent satura ted with percolating water, especially during 

periods of thaw, this saturation was apparently aggravated by 

the preselnce of H layer of basal · ice as noted by McCabe in 

Spitsbergj n and Lewis in Iceland (1939). 

F~uorescent dye deposited by the snow sur-face percolated 
I -

verticall throu~ 1h the snow, formed slight concentrations at the 

thip ice eyers c;,nd then procee ded vertically downwa rd until the 

basal ice was rec:.c h ed. At this layer the dye perco l ated downslope 

in a long wevelergth 'percolation channel' c. 15 ems. wide. 

T e percolation channel proved to be the response to a 

point sou r ce of dye, for when the s nowpatch basal ice was cleared 
I . 

of snow a~d a li near source of dye added, the dye then flowed i n 

e 'percof ation sheet' with an advanced guard of more rapidly 

peroolati~g 'fingers' of dye (fig. 5:1). These tests were supported 

by furthe ~rork o n the same end other snowpatches during 1970, 

l97lo 

Excavatio ns of the• basal ice layer at site D (July 22nd 

1970) andj s i te P , July 13th 1971) showed this layer to be up to 

30 mo thi lk and below it the ice was usually frozen to the under­

lying g l und sur:: eceQ Under the periphery of the snowpatch 

especially! during periods of rapid melting, a shallmo~ layer of 

melted gro nd, sa ·:urated with water, could occassiona lly be observed o 
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Fig 5:1 Water flow across the basal ice layer,sno\-1patch A 
1970. 

Pia 5:2 Gr8Vel l ·ned tunnels conducting water into src'of?P3.tbh 
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Such a c j se ~~s noticed under snowpatch P (1971) end in this case 

the melt d layer was overlain by old snow or decayed ice saturated 

with wet r. When these observations were made, melting was rapid 

and many section3 of the snowpatch were conducting · large discharges 

of perco ating water. 

P1. ger bo ::-ings, made at increasing di ·stances from various 

snow pa t + es sho,.ed that the permafrost table rose to ,;_thin a 

few centir eters of the surface at the snowpatch edge, the base 

of the s11f wpatch being frozen within 40 ems . of the e:dge (fig. 5:3). 

· . I f appea1·ed, therefore, that meltwater flr,Jm the snowpatch 

percolate~ mainly across the basal ice surface in partly channelised 

sheets an only cccassionally was the underlying groun:l surface 

thawed; in such conditions it was saturated and could have conducted 

a certain quantity of meltwater. 

Contributjons of snowpatd~ melt..,.rate rs to rill flow: 

I l chapter III it was noted that Lewis (1939) considered 

the snowp1 tch to be the chief source of water for the rills down- ­

slope whe, eas McC.3.be (1939) and Nichols (1954) made allowance for 

the possil::lle seepa.ge of moisture from upslope. In the area under 

oonsidera1 ion ril l s did m~ only flO< from below the foot of snow­

patches, t1 ey were also obs~rved to flow from breaks of slope 

where rill head sno,.rpatches were absent . Therefore, on the basis 

idence and the statements of McCabe and Nichols it 

seemed impprtant 1:o outline the relative contributions made by 

individual sno"lpat;ches to rill flow. 
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~any snowpatches were seen to be supplied with water from 

the talus and detritus slopes above and as stated in chapter III 

this flo l\ was mainly along small channels up ··: to 10 em. wide with 

velociti s up ·- b:> 4 em/sec . Such percolation through gravels 

and detr"tus was frequently clearly audible and this fact was 

noted by Cook (1 9 62) who did not comment further. This partially 

channelled flow could not flow under snowpatches, due to their 

partially frozen base, but was directed by the ri.sing permafrost 

table int the Sllowpatch (fig. 5:3). This entrance was occassionally 

marked ice cbcmnels a nd tunnels which frequently possessed 

· gravel s (fig, 5:2). Once within the snowpatch, the water flowed 

in tion c bannels and sheets across the basal ice. Velocities 

of flow d i pended upon the thickness of the overlying snowcover 

in snowpa f ch A were measured to vary between 0.7 em/sec for 

percolati n through a thick snm.,r or ice cover and 2-3.8 em/sec. 

a:r...:1 

over the exposed basal ice; where channels started to develop, 

velocitie!\ reached 4.4o em/sec, comparable to velocities of flow 

with i n th talus . 

a1 the talus foot slopes water percolated out from under , 

the lowerJ dge cf the snowpatch, through the coarse margins of the 

patterned ground d t 1he break of slope and emerged, a few metres 

from the of slope to form rills. 

the 20·:h ;- 22nd July 1970 at snowpatch D it became 

apparent t at 1he nmall remnant of decay ing basal ice could not 

D wi t b all of its water, therefore water was sampled 
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from upslope and downslope of the snowpatch to ascertain the 

diluting effect of the remaining snow and ice. Total hardness 

~alues d creased by only 6 mg/litre during this passage, thus 

indi cating that at this time the relative contributions of water -

from the snowpatch to the rill was slight (table 5:1). 

TABLE 5:1 

HJUIDNES1L)ILUTION JULY 20/22nd 1970 RILL D 

20th 
22nd 

Upsl ope 
5 13 
66 

Basel Ice 
26 

Sno,., 
8 

Downslope 
·s2 
qO 

Al,l va[lues represent total hardness in mg/litre 

T e basa l ice possessed a total hardness of c. 26 mg/li tr.e, 

considera~ly more than the snot-t above. This is considered to be 

due to thf freezjng of water from upslope during its passage 

through s r owpatcr. 

As snowoetches varied greatly in size it is logical to 

th I h ·. 1 · · b · r- 1 · 11 fl assume i t t e~r re at~ve contr~ ut1ons OI me twater to r1 ow 

also vari t d, hence the small decaying snowpatch D, was not necessarily 

typical of all sn:nrpa tches. 

A rill, rLll W, was selected, flowing from under a large 

deep sno'l atch { s ·:1owpatch A~ and the total and Ca hardness values 

were moni~red at 6 hourly intervals to establish the diurnal march 

of solute Q:)ncent::-ations. The results (fig.S :4) demonstrated the 

existence [ f a ,.,e: ~ l marked diurnal march of solute o:mcentration; 

this lester from ;~9th July to 4th August and finally decayed into a 

less well arked pattern on ;·t h e 5th and 6tho 
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talus 

i"cassional samples of solute load were taken in the 

zo~e upslope and these values were considerably higher than 

those fr] m rills~ thus demonstrating th a t considerable dilution 

occurred due to inputs of sno~~atch meltwaters. Although melting 

of the s owpatch was diminished at night, dilution· of rill we~ers 

I •: 
still corltinued 9S the days meltwaters gradually drained into the 

melting ecreased rapidly and minimum hardness values prevailed 

well marked march of solute concentrations became 

less by thtl 5th and 6th and on the letter d~y samp:Je s were 

take!! y 2 ho1;1rs from 1200 to 2400 hours in rills W and z. 

and flowed, as stated, from the centre 

of the snowpatch whereas rill Z was turbid and was supplied by 

water fla r ing ac,oss the ba sal ice of the decayed snowpatch 

periphery l a si t:ua tion similar to that at snm-rpatch D. As c a n 

be~ seen fig. 5:5) during the sampling period rill W possessed 

uniformly low hardness values where as rill Z possessed a march of 

hardness values of amplitude 28 mg/litre. 

c l early. melting (and dilution) ~ras continuous throughout 

in the s1wpatc~ •oentre ; whereas it was inhibited at night around 

the perip ery. T1e 6th was a day of warm, cloudy conditions end 

by 0830 h aided by a warm northerly wind, thawing had already 

commenced t hil3 situa t i on continued ell dey o The screen 

temperetu decl illed to 6° C at 1800 hours , but was still well 

ing (3.5°C) at 2400 hours. 
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'.Fhe snowpatch centre appea:red to be continuously melting 

whereas ,he meagre vestigial basal ice layer was contributing less 

meltwate~ at nighto Such a situation is probably polygenetic, 

-depe-ndin} upon both the differing thermal properties of the ice 

and snow as well as on an inertial effect due to the delay caused 

by the sl w per~>lation of snowpatch melt water through the bulky 

snowpatch cen~re , 

wpatcbes were not, therefore, the sole suppliers of 

water to systems, and the magnitude of their contribution 

dep~nded r l?On th€! size and condition of the snowpatch involved. 

Small decr ying srowpatches appa rently contributed little water to 

rills whe r eas the bulky snowpatches examined, supplied large 

quantities of meltwater, depending on the metereological conditions. 

As summer develope d , however, snowpatches were seen to be contributing 

relative!~ niore 

adjacent rills, 

water to the overland flow system until many 

n~t supplied by snowpatches dried upo 

l:he sedi mrt loa d of srowoa tches: 

T e signi f icance of snowpatches in the sediment movement 

system la partly in their supply of water to rills, but mainly in 

the dark of basal ice which, when exposed, gave rise to an 

S.D.Ro pe in ce:=tain rills (fig. 5 :6· f 5 ;7, 5;8). 

the 19'70/'71 studies th i s thick continuous basal ice 

layer was een to be permeated by large quantities of fine sediments, 

atively well sorted' medium and coarse silts of mean 



Fig 5:6 The silt lade~ basel ice layers of snowpatch D 
during the W!-'1.shing of fines into the rill. 

Pig 5:7 The exposed basal ice of snowpetch A, l970. 
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diameters around 0.01 mm. These fines, occurring in voids and 
. I 

pores ga •e the ice its characteristic dark colour, and were 

present in concentrations of less than 27 gmsjlitre . All 

concentrJ tions d e termined were in fact greater than 4 gmsjlitre, 

btl I . . . h ld d d d u c eaj ~ce, w.:u c was not semp e , occurre an possesse 

lower co centrat.i.ons. 

ines al::;o occurred in the snow above the ice but concentrations 

around 2 gms/li tre, end compared favourably with Czeppes 

(1965) fi res o f 2 gm/litre for fines 'embedded in the snow cover 1 

of ~nowpa ~ches in Spitsbergen. 

The vertical variation of silts in the basal ice was not 

.. I 
simple, a t though apparently they were concentrated into zones, 

the lower~ most zcne being devoid of fines (table 5:2) 

j
arse sends and gravels we~e occasr ionally obs~ed on 

the basal ice (fig. 5:9, 5:10) but were usua.lly limited to the 

upslope rtions where they frequently formed del t as or channel 

linings f j cusing upon the inlet ice channels. These tongues and 

deltas of coarse "nateriel were up to 15 em. wide and 40 em. long 

and becam dispersed downslope into areas of ice permeated with 

fines. 

AJ the ba:;al ice melted the small clusters of silt oarticles 

original! ] distributed throughout the void system became mor~ 

concentratt d in fu rrmo~s and depressions o n the basal ice surface. 

The rapid elting of ice associated with the coalescence of voids 

was probab y due 1:o the preferential ebsorbtion of solar radiation 



DATE SITE 

I970 A 
II J 
II J 
II J 
II J · 
II I 
II I 

I97I ' p 
II p 
II 

* - surface 

TABLE 5:2 

I . , 
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COOCENI'RATIONS OF SNO"Vi'PATCH SEDIMENTS 

DEPTH CON::ENTRATION gtl'./'kg CON::ENTRATION gm/sq .• em. 

27 

rwr;u~:: 
2 
8 

28 CI I\ c I7 
34 en. 9 

J.Ee svbsurf. I4 
i e base 4 
ire surf , 54 .I2 
ibe surf. 44 .09 
i \ e subst1rf. 2o5 ·.o04 



Fig-5:8 Minor concentra'l::i.ons of silt at edge of snow 
patch,l971. 

Fig- 5:9 Supra-n j. "al g r a vels in process of deposition, 
site P,l97l. 
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concentrat'1o n s of finQ s 
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Fig. 5: 0 Supranival depos~t "' site p 1971. 
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Fig 5:11 Concentrations of siltl9 in depressions on basal 
ice surfaceo 0 1 2 em 
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I by t he d j rk silt particles. Such coalescence leads to large 

concentr1tio~s of silt~ in voids varying in size from o.s mm. 

to .s.o ,. d~emeter (f~g. 5:11). 

These large voids and depressions with their associated 

part icle groupings were gradually enlarged end percolating water 

concentrated the silts into progressively larger sheets and linear 

concentrations. Such concentrations were washed , or moved as 

I mud flowj , across the basal ice surface either into rills drain-

ing the snm'lnatch or back into the snow lower dovm the snowpatch. 

In t he l tter case they could be washed out again or deoosited 

in situ ,epending upon the prevailing . conditions . These two basic 

si tuatio~s of 

be expan, ed. 

washing into rills and in situ deposition will now 

The sedi,ent load of the snowoatch rills: 

f ashing •>f fines from the basal ice was studied in more 

deta il i l the rills flowing from snm<1patch A. The period of 

in1:ensivJ study from July 28th 1970 to August 6th 1970 follQ\.;ed 

immediat, ly after the S,D,R. peak in rill A and the water discharge 

peak cor, espondi ng to the storm of 27th-29th July. · 

Figure 5:12 showing the plan view of snol.;patch A presents 

the deta·ls of s~diment trap positions for July 28th-August 6th. 

Four sed·ment tr~~s W, X, Y and Z were placed in four rills 20m. 

from the and three Wa , Za, and Zb were placed in rills 

W and Z d 60 m. from the snowpe tch. Only extended records 

from ri 1 Z were taken. Rills \v and X flovr.ing from the snow 
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covered cjntral portion of the snowpatch were clear throughout 

the relevhnt period and rills Y and Z,being supplied with water 

flowing a ross the exposed peripheral basal ice, were turbid. 

R~ll W: readings started on July 29th when water discharges 

I 
were stili high from the influx of storm runoff. Figure 5:13 

illustrates the high S.D.R. which~curred on . the 29th and the abrupt 

decrease l hat f'ollowed., The later low S . D.R. could be qualitatively 

correlated to the decreasing water discharge. Sig.nificantly, Wa 

located li) m. downstream of \¥ sho\ov·ed similar S.D.Rs per day 
.I 

ind~catini that for this short stretch of rill, bedload movement 

· was approximately constant downslope. The load from the trao on 

29th July was subjected to tex~ural analysis and consisted of very 

poorly so r ted clays, silts, sands and gravels (up to 8 mm.), the 

mean diameter being 0.085 mm. These material were only moved under 

high velo l ity conditions and the motion was mainly by saltation, . ~, 
roll i ng a f d bouncing a long the rill bed. 

R~ ll Z: for trap Z, the S.D.R. record was the reverse of 

The first read::ing.; . on the 28th that for t rap 11 (fig. 5 '14). 

July , tak, n during the peak of the water flow, demonstrated that 

little se, iment was being deposited in trap Z and on the 29th 

the S.D.RJ wa s still Iow. . As the water discharge stab~lized 

s.D.R.s i creased to a maximum of 18 gms/day and subsequently' 

decreased to around 6 gms/day. This trend "~oras basically followed 

with deer a sing amplitude by the lower traps' za a nd zb except for 

the first day, the 29th. On this date the S.D.R. for Z was 
a 
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consider bly higher than that of Z; this was considered to be due 

to washi1 g of sediment through the upper trap end the subsequent 

dep~sitiin in the lower one; a similar situation as discussed . 

for rill G. 

i s in rill G the zone of maximum deposition was seen to 

fluctuat, el·though the most usual sequence was one of high deposi­

tion in t he upper trap with decreasing S$D.R.s downslope. SUch 

a sequent e of downslope deposition also took place in rill D during 

the S.D •.• ?GBk of 23-27th July when suspended loads sampled at 

increasi g dist ances downslope gradually decreased from a maximum 

value of 1600 p.p.m. "to zero at 80 meters from the snowpatcb 

(fig. 5: 5). A similar decrease, but relying on only two reedings 

occurred on rill L 1971 (table 4:2). 

t became apparent that a diurna l march of sediment 

depositi1 n paralleled the diurnal 

ooncentrr tion and such a march was 

1970. S r D.R.s were measured every 

(fig. 5: b). Rill W possessed low 

marches of discharge end solute 

demonstrated for August 6th 

two hours from 1400 to 2200 hours 

S.D.R.s which decreased 

slightly during the evening, this oo rresponded "to the continuous 

melting ~f water from the snowpatch centre. Rill z, however, 

exhibitef a marked decrease of S.D.R, throughout the evening, th~ 
oorrespoi ded to the decrease in discharge as demonstrated in the 

section: Contribution of sno\qpatch meltwater to rill flow. 

1 
i he sediments trapped corresponded closely in texture 

to the s owpatch silts, that is, they were 'relatively well sorted' 
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medium/oolarse silts with mean diameters between 0.02 and 0.03 mm. 

~he t\o.ro rills therefore, contrasted markedly. Rill W 

":as clea~ throughout the period and its coarsE\ very poorly sorted 

bedload l as moved mainly during peaks in water discharge. Rill 

z, with l hree sediment traps along its length demonstrated how, 

after the initial water discharge peak, a depositional sequence 

exi s ted J ith the bulk of sediment being deposited upslope. 

Deoosi tij n ~rom snounatches: 

~en surface wash was weak on the exposed basal ice 

the conta ined sediments tended to remain behind and as the snow­

patch abJ ated they were eventually superimposed on the underlying 

ground ~rface (fig. 5:16) 

I f no . mechanical concentration had taken place the originel 

void clu, ters of silt were seen to be s uperimposed as a thin 

surface layer of silts. This skin later dried to form a white 

coa t ing 4 n most of the surface; such a skin was difficult to 

dis t ingui sh fron the underlying gravel and its existence was 

usually lo nfirmed merely by the existence of a thin oowdery cover 
I -

on stone r · In contrast, the thicker laminar deposits when suner-

imposed ~re more readily distinguished end the final vestiges 

of snowpr tches were frequently marked by thick silt covers and 

miniabJrr deltaic deposits in the process of deposition in pools 

of "~terr The tongues of gravel that occurred as channel linings 

at the i~let edge of snowoatches were deposited on the gravel of 

the stee backslones and remained as tubuler gravel depositso 
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Fig 5 : 16 Superimposition of basal ice fines on back:slope 
gravels,l97lo 
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I 
'Fhe cle.,>$:l£ication and history of these sediments will be 

elaborat~d in the following chapter. 

As a rider to the 9bove, brief observations were made on 

snowpatcJes ir. Baffin Island (Frobisher Bay) and in the eastern 

Roc~ies JCrowsnest Pass) to ascertain the ~re and significance 

of snowpt tches in low Arctic and Alpine environments. The Frobisher 

snowpatc es us-ually possessed organic fragments up to 5 mm. diameter 

strewn ir a thin cover across their surface . This cover, some­

times up r· to several centimeters thick, contained only small 

quanti ti s of mineral matter and a:ppea:red to have been blo'ro onto 

surface by wind action• 

similar~ but more s~erse covering, was also ~bserved in 

the Rock·es and occassionally laminar and tubular organo-mineral 

deposits remained on the ground surfa ce adjacent to ablating snow-

patches. From the areas examined it appeared that sediment 

sequence associated with snm-rpatcbes were of lesser importa nce 

from the bw Arctic and Alpine sites. 

Discussi n and Conclusions: 

t has been shown that water flowed from the interflo,., 

lop e of snowpatches, and percolated through the snow-

patches. Some of this percolating water froze to form the thick 

basal i layer } but most continued through the snowp9tch to be 

joined the snowpatch meltwaters. These combined water sources 

then em as rills on the low angle slopeso 
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I ( the basal ice was in fact caused by the freezing of 

percolati~g waters from u p slope it is logical to conclude that 

the . finesl con-+::ained within the basal ice travelled with these 

waters, ~hat is from upslope, either from the interflow zone or 

from the and surface above. 

e occurrence of gravels focusing upon the inlet ice 

channels hich supplied water from upslope also implies an up-

slope sou ce for sediments. That is , if this sou.rce supplied 

=arse m+ erials it =uld also supply fi nes. · 

I J su~h oonclusions a re co r rect it appears the t the High 

' Arctic s nrwpatc hes ~ t A S la r ge sediment traps located conveniently 

at the ba~e of the interflow zone~ that is, at the break of slop~. 

Their effl"ciency is difficult to establish, it is quite possible 

that a large p roportion of sediments from the interflow zone pass 

straight ~ rough the snowpatches. If they do, however, such small 

concentra l ions ~uld be difficult to detect using conventional 

sediment raps. 



CHAPTER VI 

THE DEPOSITS 

Fine narticles have been shown to move across the land 
I -

surface r ntrai ned in fluid flow which varies thr<DU9h time. Such 

p9rticles form de?Qsits, which may be termed 'fresh', found on 

backslopl s, 

fresh fo rs 

ar. the brea k in slope and on low angle slopes. Such 

al though , not con irn.wus, could be expected to produce} 

over the years, significant thicknesses of sediment. Few oerm-

anent or long l a sting accumulations cf sediments similar in nature 

to the f esh ones were found; instead, low angle slopes consisting 

of fines with a skeletal framework of angular-subangular stones 

or grave predominated. 

his lack of continuity between the 'fresh' deposits and 

the rego ith of low angle slopes, althou gh perplexing, could be 

to the subsequen t history of the deposits. Some 'fresh' 

. deposit[ , 

~n a staf e 

resting ~m 

merely because of their position on back slopes exist 

of unstable hydrodynamic equilibrium, whereas others, 

lo><~ angle slopes, although in a state of stable hydro-

dynamic equilibrium~could be subject to a variety of cryogeni c 

or ion processes . The mor..,hology, posi tion and character 

of 1 de?Ositional forms will be discussed first and related 



t6 the p~ocess environment. Then the topographic situation of 

such depqsits will be examined 1 in section and plan, to evaluate 

their di~tribution and finally their possible history will be 

tentatively outlined • 

• 'Single ~eason' deposits: 
I 

I 
l n table 6:1 ere listed seven basic classes of 'single 

season' i eposits, defined as : deposits of fresh appearance 

occurrinr on or within the regolith and relating to that season's 

fluvial and ni veo-fluvi·al activity. 

These deposits can be found if the ground ' surface is 

caref~ll examined after the spring thaw or during the summer, 

although their discovery is usually enhanced if the processes 

are obse ed in operation and then the field worker traces them 

from the final stages of deposition. 

n· table 6:1 classes 1 , 2, 3, 4 and 5 possess di st:\. net 

morpholo ies that can be related directl y to the process envir-

onment a r discussed in cha~ter v. The process environment is, in 

this ca , e, the deposition of materials ranging from silts to gravels 

from on r r within the base~ ice. These niveo-fluvial processes 

can be d·rectly related to the topographic position,as most 

snow pat linger at breaks in slo~e. The quantitative 

s used in this study, namely 1he mean and standard 

deviatio of grain size, do not, at this level in the investigation.; 

lead to ny mutually exclusive divisions. As can be seen from 



MEAN DI~TER 
~m/c s~ lt 

2) m/c s:illt 

3) m/c 

4) silt 
sand 

I 
5) Gravel 

6) c. si t t/ 

f. sT. 
7) m/c s~ lt 

8) m/c s"lt 

TABLE 6:1 

RELATIVE 
MORPHOLOGY SORTING 

Laminar well 
sheets <lcm. 
thick . 

V. thin cover well 

Scrolls, bars & 11 

deltas 

Tubular & well-
sphP-rical evere9e 
deposits max. 
die. 7 mrn. 
ma x. leng th 
12 mm. 

Tubes & fens 
up to 50 em. 
length. 

well­
poor" 

Scrolls & ba rs. well 

Curvilinea r & well 
meandering 

Poly9on 
patterns 

well 

POSITION 

Along break 
in slope. 

II 

II 

Back slop e 
& along 
break in 
slope. 
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PROCESS 

Superi rnposi tion 
from surfa ce 
ooncentra tions 
on basal ice. 

Superimposition 
of dispersed 
fines. 

Sllperimposi tion 
from su rfe ce 
concentre tions 
on basal ice . 

'Peeling of silts 
from b a sal ice . 

Back slopes Linings of inlet 
channels of ba s el 
ice. 

Talus foot 
slopes. 

Ta lus foot 
slopes . 
raised beach, 
& pl a teau 
surface. 

II II 

Superim~osition of 
early thew sea son 
supranival deposits. 

Rill trans!X>rt. 

Linings of polygon 
ma rgin overland 
flow. 
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I 
table 6: most 'single season' and rill sediments were medium-

coarse s"lts ~cith inclusive Graphic Standard Deviations (Polk 

and Ward of between 1.0 and 2.0 ~. Deposits of snow patch 

sediment came within this category and were found _on all slopes; 

in addi ion, gravels sometimes occurred on the steeper back 

slopes o£ gravel terrain. 

Tr:mlar and spherical deposits of silts and sands occurred 

on and wi r hin the regolith as individuals, or in .small concentra­

tions (fi • 6:1). Usually they were directly related to the 

'peeling' of sediments from the basal ice and associated deposition 

· on the un , erlying stones. 

I addition these deposits could be formed on g:-avels 

with i n thJ regolith as demonstrated in the following section. 

The oenes~s of such depvsits is unclear, but their textural 

char:cterJs~ics are those of rill or snowpatch sediments 

(table 6: J- sample Pl fines talus) and they are clearly related 

to a wash"ng or fluvial action. 

S, tubular and deltaic deposits consisting of 

gravels, a le also related to niveo-fluvial activity . In this case 

they are £ rmed by the superimposition of ice channel and tunnel 

linings (f"g. 6:2) on the underlying ground surface. As gravels 

are limite to the upslope portion of snowpatches, deposition 

usually ta es place on back slopes Whilst the fines are dispersed 

downslope s w~ll, thus leading to a more widespread domain of fines. 

Classes 6 and 7 shared many textural, distributional and 



DATE 

4/7/70 
If 

6/7/70 
If 

10/7/70 
II 

11/7/70 
If 

14/7/70 
II 

16/7/70 
II 

1/7/70 
4/7/70 
30/6/70 
24/7/?0 

28/6/71 
1970 

TABLE 6:2 

I

SAMPLE CAT- POSI­
NO. EGORY TION 

I G 1;= F 

G
11

2 F 
G

1
2 N. F 

G
11
4 F 

G
1
6 N. F 

G'.18 F 
G 17 N. II 

II 
G 9 II 

G
1
10N. II 

G1112 II 

G 1llN. II 

G11 13 
A, 
A4 
D, 
Di7 
FA 
PF 
SDB 

SP(l) SP 
28/1 SP 
SB silt 11 

sP Gr1 11 

SP Gr2 
11 

w3 F 
26 F 
Za, F 

sP 

e(1) 
e(l) 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

,, 
e.(2) 
c 
a(1) 

~(2) 

a(2) 
a(l) 
a(2) 
a(2) 
a(J.) 
e(1) 
a(1) 

Fines2 Rec a(2) 
Fl. Fines 
Talt1s Rec b 
Platea u 
p• II 
-~nes 

J II 

13/2 II 

9.20 II 

9.150 II 

c 
a(2) 
a(l) 
a(1) 
II II 

Sld a(1) 
II II II 

II II II 

II II II 

i 

I 
SD •• 

2.00 
1.69 
0.98 
1.14 
1.70 
1.93 
1.31 
1.47 
1.61 
1.10 
1.11 
1.28 
1.63 
2.14 
1.47 
1.?.9 
1.71 
1.86 
1.68 

1.62 
1.73 
1.05 
1.25 
0.52 
3. 4 
1.26 
1.17 

1.61 

1.55 

1.86 
2.0 
1.94 
1.53 
1.31 

2.45 
4.1* 
3.3* 
2.4* 

~ MEDIAN 

.028 

.032 

.045 

.034 
• 04 
.028 
.034 
.032 
.030 
.032 
.043 
.030 
.042 
.026 
.025 
.020 
.012 
• 03 
.017 

.012 

.012 

.031 
1.00 
5.00 
.085 
.022 
• 03 

.009 

.021 

• 03 
.019 
.013 
.049 
.042 

.019 

.014 

.019 

.004 

.035 

.041 

.048 

.037 

.058 
;.030 
.040 
.033 
.046 
• 04 
.048 
• 04 
.043 
.,038 
.030 
.025 
.010 
.035 
.020 

.012 

.014 

.041 
• 9 

5.5 
.080 
.023 
.035 

.012 

.022 

.035 

.041 

.014 

.046 

.042 

• 02 
• 01 
.018 
.005 

MODE 

Coarse silt 
II II 

II II 

II II 

Fine sand 
Coarse silt 

II 11 

II II 

II If 

II II 

II II 

II II 

II II 

II II 

II II 

II II 

Medi um silt 
Coarse silt 

II 11 

Medium silt 
II II 

Coarse silt 
Coarse silt 
Gravel 
Medium sand 
Coarse silt 
Coarse silt 

Medium silt 

Coarse silt 

II II 

II II 

II II 

II II 

If II 
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Med/coarse Silt 
Medium silt 
Medium si l t 
Clay,IM. silt 
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DATE 
SAMPLE CAT- POSI­

NO. EGORY TION 1-..;.,;,;=-=--
MEAN MEDIAN 

~
luvial 
no\•lpa tch l 
ecent De 

Other 
Slope de 

As 
Silt 
Plain 
G, 
G2 
G3 
G4 
SPG 
D, 
D2 
D3 
Ds 
Dadj 
13/1 

T.F. 

Mfl 
STF 

F 
SP 

Sld 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

0 

0 
II 

si t Rec 
0 

a(l) 

d 
a(l) 
II II 

II II 

II II 

d 
a(l) 
II II 

II II 

II II 

II II 

d 

b 

II 

II 

2.55* 

2.10 
2. 8* 
2. 8* 
2. 0* 
2. 0* 
2.65* 
1.81 
3.65* 
2.65* 
3.35* 
2.60* 
2.65* 

3.24 

3.9* 
2.52 

.006 

.012 

.032 

.014 

.012 

.015 

.008 

.012 

.017 

.015 

.009 

.007 

.013 

.065 

.019 

.05 

Low Talus Foo t s(l) 
Low Ra ised Beach a(2) 
Steep Slope b 
Pla tea u c 
Valley d 

.009 

.015 

.038 

.013 

.012 

.013 

.013 
:.014 
.o1 
.014 
.008 
.008 . 
.015 

.072 

.014 

.035 

120 

MODE 

M.si1t/clay 

Coarse silt 
II II 

. Coarse./Med.silt 
Medium silt 

II 

II 

II 

II 

II 

II 

I II 

Coarse silt/ 
medium sand 
Medium silt 
Coarse silt 

Inclusive) 
Graphic ) 
Standard ) 
Deviation) 
Gravels 

so' 

Gr. 

* Due to high clav % 95% missing and Inmans '¢Deviation Measure' 
used d¢ = ~(~· 84-0/ 16). 

2 Si ngl e s eason deposi~~ 

ii 
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Fig 6:1 !Fubular der:osits of flnes i.n the process of for­
mation.Snowpatch near P't.olemy mountain,Crowsnest Al~. 

Fig 6:2 Tubular deposits of gravel channel linings super­
imposed on b~ckslope,l971 



~rpholotical characteristics. In 1970, when these features 

were obsi rved, the only significant difference between the two 

types was the time end process of deposition. Class 6 deposits 

were fo~ed early in the thaw season on the remaining snow and 

ice and l ere superimposed on the ground surface of the talus 

footslop s. Class 7 deposits were more ordered in their distribution 

and occu sub-para llel lineations o n most low angle slopes; 

this dis ri bution constrasted with the more deranged pattern of 

the super"mposed sediments. Despite the extensive supranival 

depositio l in 1970 the evidence of class 6 rapidly faded and 

within th f·ee weeks no clea r evidence of t heir exis·tence could 

be discerhed. 

I 
Class 8 features, ·:.-.though not obvious, occurred as 

thin nets of sediment over extensive areas of ground (fig. 6:3). 

These net1 were particularly noticeable on the plateaus surrounding 

Reso l ute ust after the snowpack ha d ablated. Such deposits, 

in conjunation with class 6 and 7 sediments formed on similar 

plateaus, j rovided evidence of sediment movement across low 

gradient J urfaces not supp lied with material from steep backslopes. 

The eight above mentioned depositional classes can be 

fairly ctively classified into non-genetic classes based 

upon morph log y, slope position and sediment texture, the last 

named bein least useful because of t he homogeneity of the 

sedimentso This classification is strengthened by the addition 

of major o pera tive processeso 



Fig 6:3 Deposits from polygon margin overland flow, 
Resolute plateau 1971~ 
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Such deposits are not monogenetic; for example the 

slumping of gravels onto the snowpatch can proceed niveo-fluvial 

sorting ·n the production of class 5 deposits and the supranival 

-rill dep sits (6) are not always readily distinguished from the 

linear rill linings (7) formed later. ~rthermcre, l ami nar 

deposits could be produced by early tbaw season supreni val flow 

and such sheets,if formed near the break in slope,could be 

diffic\)lt to distinguish from class (1) features. Also, much 

of these irnent must later merge with the underlying ground 

surface, therefore observations are best made during or i~~ediately 

after de1sition~ 

Deposits · n rele tion to toooare ohv: 

e) Talus and blockfield slopes: 

Tt e examination of fluvial action within the interflow 

zone was roblematic due to reasons stated in chapter IV and 

most of t e evidence supporting fluvial transport within this 

zone has ~een gleaned from minor sediment ary features. Fines 

within th talus had a varied origin arrl history and only a small 

proportio could be directly attributed to fluvial a ction. For 

example, ample Mfl o (table 6:2) was taken from a recent mud £1 ow 

{material } 2 mm. removed before analysis) on the talus slopes 
I . 

overlooki g Scallons Cove 1970 {figo 2:3). This sediment proved 

to be a Pjorly sorted mixture of clays, silts, sands and gravels 

exhibitin~ positive skewness. Sarr.ple T.F. from the talus slopes 

abo,Je si e A although poorly sorted and of similar texture to 
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Mfl. pro 1 ed to be negatively skewed with modal particle sizes of 

coarse si.l t and medium sand. The former deposit possessed a 

'tail' o fines whereas, sample T.F. from a structureless mass 

of fines within the talus was a lag deposit with a . low proportion 

of fine silt and clay. This contrasting situation could be related 

to washi~g action "d thin the talus slopes; th.e deposit Mfl. being 

relativet y free of washing action in contrast to T.F. Such a 

conclusi~n assumes however that fine silt and clay was originally 

I 
present t n the latter material. 

Tubular and spherical deposits of fines, as stated, were 

in evide ce on a nd within talus gravels and blockfield detritus. 

Investigations proceeded further to establish the distribution of 

I 
such fe r tures. Pits J, K and N were excavated in a variety of 

positions on blockfields skirting Signal Hill, Resolute in 1971. 

These cot plex slopes conoisted of large quantities of angular 

blocks r ! nging in size from e few ems. to o.s m. Occesi&nal 

mounds o 

1 

fine material with a framework of subrounded, sub­

angular L~avels, showed above the surface on the gentler (0-10°) 

slopes ( f~g. 6:4). 

~it J: Angular blocks, similar to those mantling the 
*urface excavated to 20 em. Frequent occurrences of fines 
in tubular and spherical forms. After severa l days the 
~ermafrost table melted down to 28 ems. where a stiff., 
j andy clay occurred~ 

~it ~: Angular blocks excavated to 23 em . Evidence of 
, eposition in the form of spherical and tubular silt/ 
+and de~osits (sample Fl. fines talus,table 6:2) as well 
as lemminc foecal pellets and well washed mosses. Below 
I - -
3 em a stiff, sandy clay located and samoled (S.T$F. table 
:2). This was later demonstrated to be a relatively poorly 



BACK SLOPES I 

down slope----? 

_j1 
10cm 0 

A. an~u lar ston~s 
C:,oo su~rounded gravels 

::~::: . fin . s with gruvel 
... ~:·P...: framework 

·~till.(?) 

tubes etc. of fi nes. 
washed vegeta ti on 
siltcoati ng s 

· flovvi ng water. 

p•g 6:4 Pits on flanks of Signal Hill,Resolute 13/7/71. 
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Lrted coarse silt with a mean diameter of 0.05 mJTt. Water 
flowed across s~y-clay surface despite the fa.ct that the 
permafrost table several em. below. Much washing in 
t vidence on this surface including dunes and bars of silts 
' nd fine sands. Adjacent to the pit a stony sandy loam 
~ccurred on t he surface in the form of small slope mounds. 

I 

The sloping sides of this mound sbow·ed signs of washing 
l 
~n the form of clean gravels and sands. 

1. 
~~t N: Excavation of upslope portion of sandy-loa~ slope 
mound: At 37 em. uoslope of the mound water observed to 

I -
~low across interstitial ice of pe~afrost. A zone of 
Qravel occurred a round the mound perimeter as well as 
some silt coatings. On angular blocks a profusion of 

~
pherica l deposits occurred wh ilst against 'wa lls' of 
ound washed strands of vegetation enoountered. The slope 
ound \'lidened to\vards the base. 

T rP.e major points appeared from the evidence in the a bove 

pits and thers not mentioned: 

season' 

Washing was observed to exist as demonstrated by the 

f owing water with associated dunes and bar.s. 

i t ) Deposits of tubular and spherical fines, foecal pellets 

a i d washed strands of vegetation were in evidence. These 

o ! curred at a variety of depths and are considered t.o be 

c used by washing action at progressively lower levels as 

permafrost table lowered. 

i.i) The presence of a stiff, sandy clay ~~s found in a 

v j riety of subsurface positions and is interpreted as 

b i ing a glacial till. In its position greater than 

2d em. below the surface it would be protected from the 

washing action of early thaw season melt waterso 

b) Talus foot break in slope: 

Al und the major break in slope a varietv of 'single 

de~sits occurred associated with the occurrences of snow 



patches. In general a zone of class 4 deposits occurred on talus 

slopes in conjunction with a thin sometimes imperceptible 'skin' 

of silts (cless 2). Along the break in slope laminar deoosits 

and fans (class 1) predominated with frequent skins of silt 

occurrinJ on stones and gravels. From below the break in slope 

rills wi h associated channel linings (class 7) contributed 

sediment 

should be emphasised that such zones merely delimit 

regions of probable occurrence of specific deposits not the 

locationcl f co~tinuous or extensive sheets of such features. 

~ The foot slopes: 

Ar statea in chapter II immediately downslope of the break 

in slope, water percolates through a zone of rubble before forming 

rills. 1 is zone· frequently lacked accumulations of fines other 

than 'sin~le seaso~' depositso On the t a lus foot slopes proper 

linear · ri l l deposits (class 7) supranival deposits (6) and . polyg~ 
margin d 1 posits (8) occurred sporadically. 

SJ bsurface samples of the fraction less than 2 mm. were 

taken at egular intervals downslope on three treverses (fig. 2:4). 

These sam les were of material from throughout the fine centred 

polygons, r enee a certain degree of sorting may be exhi~~ted by 

the includi d data. 

Intormation on mean, modal and median particle size and 

sorting is given in table 6:2 and can be compared with such data 

for 'single season' deposits (fig. 6:5). The talus foot ·slope 

I 
I 
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deposits l sl. D,) were finer textured, more poorly sorted end 

richer in clays than 'single season' deposits. Mean diameters 

for the •r ingle season' end slope deposits (fig. 6:6) were shown 

to be significantly different at the 0.1% level (student's T. test). 

In eddi t + n sample sorting demonstrated the existence of two 

distinct ~pulations . with the slope deposits being less well sorted 

than the !'single season' deposits . (fig. 6:6). 

Samples from the three traverses A, D and G did not 

exhibit y differences in sorting or mean diameter between traverses 

at the 1 level of significance, bu~ a slight do,mslope decrease 

in grain size could be discerned. This decrease was erratic (fig. 
I . 

6:7:) but differences between sample means from the upslope and 

downslope ends of the traverse showed samples A'' · D • end G • to be 

significantly coarser (at the 5% l e vel) than samples As, D5 , G5 • 

d Deposits associated with terrace topography: 

Terraces examined on raised beach gravels and Mecham 

Valley si 1 e debris although acted on by the same fluvial process 

as t a lus l nd talus foot slopes were found ·to oossess different 

details o l sedimentation. ~ackslope deposits~were essentially the 

same as t ose on talus slopes and consisted of tubular and 

spherical deposits and thin 'skins' of silts ell of which occurred 

on or jus below the gravel surface. 

gravels 

P1t F, excavated on a 15° slope 

o l the right ba nk of the Mecham 

consisting of raised beach 

(fig. 2:7) exhibited well 

the ra~g of fluvial deposits occurring on backslopes (fig. 6:8) 
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furface: 

-3 em. 

laterally for one metre in trough tubular, 
spherical and ~iner deposits of silt observed. 
On edge of slope mound a thick (up to 5 mm.) 
deposit of fines occurred which became white 
when dry. Upslope of tha txo~ surface stones 
were clean. 

De~ts of fines common as well as strands of 
washed moss. 

-15 em. Stones moist, silt skins occurred but were not 
thick except in one area where they 'cemented' 
stones loosely together by silt bridges to 
1 em. thick. 

Surfaces of stones reoist-wet. Very thin , slippery 
silt coatings. 

ern. Standing and slo.,.rly flm-.ri ng water. Below 37 CI'Il. 

poorly sorted sandy clay. 

This si~etion, similar to that already noticed on the 

blo~~fielr slopes, demonstrates that most of the washing and 

associatef deposition of fines occurred at shallow depths, presumably 

during th i early thaw season when the active leyer was shallow. 

F'gures (6:9, 6:10) show a terrace feature in plan and in 

section 0 This terrace overlooked Resolute airport and conformed 

closely ~ nivation 

P~ t · H: A)A 

hollows described by Cook (1962). 

steep back slope (mean gradient 16° 30 1 ) divided 

into two vague zones: 

i) 1Clean 1angular and subangular stones sorted into 

stripes. 

ii)Gravel zone similar to A• but exhibiting . thin 

discontinuous deposits (class 1, 2, 3 and 4) of 

fines from snow patch. 

I 

I 
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valley 

(B)Narrm.,r transition zone conforming to break 

in slope trough; stones similar to those in 

!tone A covered in a thin layer of silts (class 

1 , 2 , 3 end 4) • 

(C)The major bench mainly covered by old fines 

(fig. 6:11). 

(i)Silt cover of 'old' silts u p to 10-12 ern. thick. 

Smell non-sorted nets 14-17 em. diameter, frequently 

hummocky end colonised by mosses and grass. 

(ii)Underlying skeletal mess of d i rty subrnvnded 

gravels possessing a metrjx of fines. This 

layer reaches the surface at about 2.3 m. from 

the trough, end stones, when they appear on the 

surface appear clean. 

Pfl_ t I: Section taken transvers e to section H, but 2 m. 

to east. Essentially the same as revealed in 

section H (zone C), but possesses a thinner 

surface layer of silts. 

Fi gure 6:12 shows a plan and section of pit G situated on 

sime gravels of the Mecham river. I . 
P~t G: Surface A: i. Essentially the same as zone Ai 

pit H. 

ii. Angular gravel with thin fresh 

silt coatings. The increase in 

th i ckness towards the trough. 
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Fig 6:11 Section througl, silt deposits(C1 ),site H,l971. 
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B. Mosses and fresh silts. Deposits 

up to loO em. thick on do~mslope 

edge of trough (fig. 6:13). 

Subsurface: Mainly angular-sub-rounded gravels; 

at 20 em. water occurred above stiff 

sandy clay. 

In addition to the sequences outlined above occassional 

tubular Jro fan shaned deposits of gravel (class ·5) could be discerned 

I t· b-1 h b k 1 1 1 ncon orma y on t e ac s ope grave o 

igur.es 6:14 and 6:15 show, on different scales, contoured 

resting 

plans. of features H, on reieed beach gravels and B (i) 

below s slopes (figc 2:7). The zone of maximum 'single sea~' 

deposi tio (class 1 and 3) is delirni ted by the close hatching 

whilst older silts, some colonised by mosses1 extend within the 

broken e. Fig. 6:14 and 6:15 sho'" the contribution of rill 

channell"nings (class 7) to the terrace surface. 

If most cases on the raised beach terraces and below certain 

talus slor es the zone of maximum deposition was located just down­

slope of r he brea k in slope. Observations showed that the location 

of this z0ne of maximum deposition corresponded to the position 

of silt concentra tions on the basal ice. Such surface 

concentra ions <::Jf silt, if not removed by niveo-fluvial washing 

perirn?Osed on the underlying ground surface. The 

position . f the snowpatch will chang e little through time because 

it is det rmined by the break in slope. Therefore, if the zone of 



Fig 6:13 Laminar and extenGi ve break of slope de~sits, 
sites,G and H ,1971. 
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s~rface l ilt concentrations remain within the same area of 

sno"t pat\ h' the zone of maximum deposit{~~· w.i;:ll:ibe ·pe-rp.~u-a-ted--:"and 

could prr duce deposits similar to Cr (figo 6:9 , 6:10). 

It is not clear whether such a mechanism operates through 

time, bu ~ if 'single season' deposition from snow patches did 

operate- for long J.E riods and contributed en erbi trery small 

increment of silt per annum to break in slope positions, it would 

be expeci ed th a t surface concentrations of 1old 1 silt would be 

consider, ble. This is not so. 

Eigure 6:11 shows a large accumulation at site H, but 

. very few ar~as exhibited such gre~t extents of well sorted silts. 

The pauc"ty of 'old' stonele~s sil~s et optimum locations could 

be due ~the lack of 'single season' deposits in most years or 

t".o the ' incorpcration of f ines into the existing regolith. The 

plausibilit~ of th~ l e tter statement will be examined below. 

S~.:!bili tv of 1::he dA'"'Or->i f:.-,: . -
•r ingle season' deposits are laid down in a variety of 

slope pos il tions and although when deoosi ted they may form a 

homogenou~ , stable deposit, further ~luvial or cryogenic activity 

could learl to ·their disr..Jption. 
I -

F t uViRl diRrupt ion: . 

F~abJres 4 and 5 (t~ble 6:1) ere deposited in a particular 

fluvi~l r i gime, but subseouent 

of the pe~afrost table leaves 

melting of snowpatches or a recession 

them in vulnerable positions. Any 



such del:sits, whether they are within the interflow zone gravels 

or on thr surface are liable to further disruption and transport 

if a ch nge of regime occurs. Surface tubular or laminar features 

could be dislodged by su~~er rainstorms and similar sub-

surface eatures could be re-entrained by the followi~g spu:-ing 

meltwate .s flowing across the high permafrost table. Gravel 

deposits (class 7) could be rearranged by frost sorting, frost 

creep or gravity fall, el l of which operate on steep gravel slopes .• 

esidence times in such vulnerable posi tiom will be short, 

but if s diments are deposited on low angle slopes rich in fines, 

disrupt·on and subsequent do'l-mslope m':lverrients b y fhJvial processes 

will be frequent and residence times will be increased. 

Deposits can then be considered to be hydrodynamically stable. 

Cryogenic. disruption: 

1 ingle season' deposits of classes 1, 2 end 3 when studied 

on beach terraces, usually cccurred imrnedi ately do..,.mslope 

Qf ak in slope as described above. The thicker of these 

fresh de~sits usually possessed a massi v~ stn1cture; sometimes 

this was I laty due to stratification of sediments. Such deposits 

contra~te , markedly with the 'old' silts occurring in such positions; 
·~ I . 

these were fri able silts possessing a weak crumb structure and were 

frequentl permeated by a large number of spherical vesicles ranging 

in size f mrno - 2.0 w.rno Organic matter, usuallv in the fcrm 

of short rootlets , was common especially in silts colonised 

by mosses nd gr~ss. 



The differences between 1old 1 am£resh 1 was further emphasized 

by bulk densities. These ranged from 1.62 gm/cc for fresh non-

vesicul1 r silts down to 1 . 33 gm/cc 

silts; ~olo.·e·Her, these figures were 

number J r size (table 6:3) 

TABLE 6:3 

for old f~iable or vesicular 

not simply rela.ted to vesicle 

~ D§NSITTES OF OLD Aim FRESH SILTS: SI TES H & B 1971 

· Nyw 

Of d 
N~w 

Ni"'' N w 
0 d 
Ol d 
O~d 
o:!ld 

Tyoe V~sicles (V_l 

v 

v 
v 
v 

B...1lk densitv (gm/ccl. 

1 . 620 
1 •. 510 
1.470 
1 . 440 
1.403 
1.396 
1.360 
1.350 
1.331 

S "mi lar vesicular struct:ures were found by V .E. Miller 

( 1971) s J udying the influence of wetting end drying cycles asso­

ciated w~~h irrigation on ~he structure of Hawood and Shano silt 

loams. Sr ch st~Jctures were considered tb be caused by capillary 

pressure d. thin air filled, voids surrounded by water; as the m mber 

of wettin and dry i ng c ycles were i ncreased small vesicles rt1erged 

to become larger cones and consequently the bulk density of the 

soils dec eased. 

A imilar process a cr. i ng within t h e Arctic silts under 

discussio is nlausible and would lead to the subsequent destruction 
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of preexr sting structures, in fact the vesicular structures may 

eventual l y tend to collapse thus giving rise to the common friable 

crumb s0t~wnc:u ... 
10

rpee. of 

J 

~ the surface layers of old silts 1 clean 1 gravels 

occur on the ground surface with increasing frequency away from 

the breaR in slone. If sedimentation occurs on such stones, frost 

heaving ! •n occu: in the frost susceptible matrix of fines , there-· 

by thrus l ing the g1pnes bee!<: to the surface. If sedimentation 

is great r than the rate of frost heaving, surface accumulations 

of well o rted silt will remain. Surface concentrations of stones 

may ther fore be tentatively related to the differences between 

the rate of surface sedimentation and frost heaving. 

talus foot slopea the reverse situa tion occurs. Adjacent 

to the ak in slope e ngular talus gravels predominate whilst 

downslop e surf~ce 9nd sub-surfa ce stones decrease in frequency 

until the regolith cons i sts of predominantly fine ma terial contain-

ing some · ravels. Clearly a major source of stones will be the 

talus ar.d this s a tisfactorily accounts for the decrease irJ 

stone cour t s downslo?e• Frost heaving still operates and existing 

stones wi 1 be heaved vertically and horizontally in response until 

the f rost deposits are thoroughly intermixed. 

Su¢h processes, operating in conjunction with frost · sorting 

and solif uction could lead to an extensive disruption of anv 

surfa ce a c umula tions of fresh silts. 
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dichotomy has been shown to exist between tbe fresh 

'single eason' deposits and the regolith w~ich receives the 

results r f slope sedimen·tation. Fresh sedimentary · feat-ures 

dep:>sitef on steep gravel or talus slopes are subject to fluvial 

disrupti n end transport, whereas those deposited on the low 

aD:gle fines rich slopes rarely form any a ppreciable concentrations 

of horo~g nous sediments. In addition the 'single season' deposits 

contrast significantly with subsurface fines from low angle 

slopes. The latter were shown to possess higher c;::lay and sand 

percentar es and consequently sortin9 was relatively poor. On 

talus fo~t-slopes samples showed t~~dotroslope 1 rnean grain size of 

the fine J decreased, but such tren~s were ill defined. 

Tl e regolith, however is dynamic and frost sorting, 

turbatio .and frost heaving probably lead to rapid incorpora tion 

of the 1 lingle season' deposits into the pre-- existing regolith. 

The high clay percentage could be due to inheritance from pre-

existing fines , rich materials, or from subsequent mechanical 

weatheri ] g 

operate an 

of 'single season' deposits as such orocesses can 

material down tO 0.002 mm. diameter. 



CHAPTER VII 

THE STR CTUFE OF THE SEDIMENT TRANSPORT SYSTEM At.JD CONCLUSIONS 

The drainage and sediment transpat system under considerR-

tion was com~lex. Basically, water from melting snow, melting 

form of interflow, overland flow and suprani'lal flow. Thrcu gh-

put of rainage waters was rapid due to the presence of the imner.m-

eable p 

uch emphasis was placed on sediment transnort in rills 

flowing cross talus foot slopes and raised beach terraces. Bed 

material load and suspended load (wash load) were difficult to 

differen iate in such small rills and both contributed to the 

sediment discharge recorded (S.D.R) from sediment traps. These 

ced in the bed of rills, possessed values of S.D.R. up 

to 140 • /d8y. S.D. R. s greater than 5-10 gms/day usually corresponded 

to the position of sediment from large innuts of suspended load. 

Suspende loads recorded in p.p.m. (max. 1640 p.p.m.; mean 621 p.p.m.) 

yielded igh sediment transport rates of up to 3 gms per sec. 

(rill D f 3/7 /70), although 1 gram/sec. was more 

Unless r·ll velocities were exceptionally high, 

common (rill G). 

suspended sediment 

was depo itP.d downslope in a zone that oscillated depending upon 

147 
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the prev iling hydrological conditions. 

fhe presence of suspended load was related to the supply 

of sedimr.nt. In certain rills, flowing from talus slopes, turbid­

ity ooul~ be traced up to the break of slope, but in most rills, 

turbidit was not prevalent, usually only occurring during periods 

oorrespo[ ding to the final decay of rill head snow patches. At 

such times, the silt laden layers of basal ice were exposed in 

snow pat~es and the included fines then washed into rills. Snow 

patch seb iments included gravels and sands focusing upon inlet 

tunnels t hich ohannelled water from the interflow zone into the 

snowpatcr · On this evidence ~he immediate source of fines was 

inferred to be in the interflow zone, or upslope. Tubular deposits 

of relatl vely well sorted fines similar to rill sediments end 

washed sfre~ds of veget9tion provide direct and indirect evidence 

of wash r ithin the interfl0w zone. 

Ihe main components of the system were examined in the 

followin order: 

) low angle slope sedimentation from overland flow. 

b) break of slope sedimentation from snow patches. 

I r) interflow sediment transport and deposition. 

. r uch e. sequence of study developed naturally 

original main topic of sediment movement in overland 

from the 

flow and 

enabled ~he main structure of the sediment transport system to 

be outli.ed c>.s sho"'-n in Fig. 7:1. 

aertain components of the sediment transport system studied 

received greater emphasis during the study, these ere indicated 
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·I 
by more lpronounced boundaries in figure 7:1. 

show the generalized scheme of movement from 

Arrows tentatively 

I 
the source of fine 

material s to their removal out of 

the sy tern (the sink). Material 

the system or deposition within 

is either removed straight 

through the system, as in the case of solu t ion load, or can be 

de:posi t J d in stages, the residence time being greater on lo,., angle 

slopes han on steep back slopes. At the present stage of research 

little nformation exists on the movement of sediment across the 

plateau surfaces, although a significant amount is transported 

during he early thaw season as bedload in o verland (rill and 

polygon margin flow)and supranival flow. 

For the sediment transport system outlined (fig. 7:1) 

the ini ial conditions are: 

a) Source of fine materi a ls. This was not studied, but 

telus slopes, fines-rich plateau surfaces, tills and 

mechanical weathering of bedrock could provide abundant 

fines. 

b) The movement of water through . and across the regolith. 

c) The existence of turbation processes . These include 

frost sorting, heaving, rain drop action and mass move-

r ents which keep the system rejuvenated with fines. 

rater movement in small channels flowing across the perma-

1 

frost ta~le on aravel and talus slopes apparently transported 

fines in large quantities. Deposition occurred occasionally as 

demonst ) ted b y small tubes and spheres of fines . occurring on 

I 
I 
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talus 8nd back slope gravels within the interflow zone. These 

deposits were unstable and had short residence times in any one 

place. 

Interflow transport washed such fines straight into rills 

or. break of slope transverse snow patches. In the former esse 

no evidence could be found of transport within the interflow 

zone end usually little evidence of significant sediment transport 

OO'.lld be ascertained by rills suppl:ie d in such a manner. 

Fre~1ently interflow channels flowed into snow patches and 

in such cases, fines became trapped in basal ice voids and remained 

to be deposited !E_~ or \vashed into rills. Once in rills, 

either deposition occurred downslope on the low angle slopes, or 

the materials were remov0d from the system into rivers, lakes or 

the sea (fig. 7:1). 

Within the 'sink','single seBson' deposits (those sediments 

dep~sited within the prevailing thaw season) differed markedly from 

fines occ•Jrring on low angle slopes. The former possessed Inclusive 

Graphic Standa::-d Devia·tion (Folk & \'lard 1957) between 1 and 2 ¢ 

·~ri th mean diameters in the coarse silt grade' whereas the low angle 

slope fines fo~ued a matrix in a framework of stones and gravels. 

Star.dard deviations of between 2 4 ¢ with mean diameters 

in the medium silt range showed these deposits to be signif­

icantly poorer sorted and finer than single season deposits. 

Such a difference is provisionally explained by mechanical 

weathering, frost action and turbation occurring in the regolith. 
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Such processes could well mix •single season• deposits with pre­

existing fines derived from other sources (e.g. tills). In 

addi tion, mechanical weathering could diminish particles sufficiently 

in size to render such deposits unrecognisable after several years. 

Gravels and stones from the talus slopes or pre-existing raised 

beaches may then be injected into the small increments of 1 single 

season 1 deposits. 

The sediment transport system has been shown to operate on 

a variety of terrains, snd on each terrain type fluvial processes 

vary and deposits differ in morphology and mode of formation. The 

final link of the chain, that of explaining the difference between 

•sin gle season• and existing slope sediments has yet to be sub­

stan tia ted. 
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Histograms for single season and slope deposits. 
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