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SCOPE AND CONTENTS

Four aspacts of the !'Schei River” basin, a 91 2 km? glacierized catchment
at the head of Vendom Fiord, Ellesmere Island (78’N 82 w), were investi-
gated during the 1974 runoff season. The postglacial evolucion'of the
‘basin 1is studied through comparison of the present rivar system with a
reconstruction of drainage at ‘the time of deglaciation. The three month
runof £ regime of the basin is analysed in terms of glacial and.nival
contributions, response to meteorologic inputs and ice~damming and an .
approximate water-balance is calculated. Measuréments.of co;centrafion
and load of suspended and dissolved sediment are discuséad in terms of
controlling factors and-geomorphic implications. ?1nally; the fluvial and
. glaciofluvial landférms of the basin are déacribad, with emphasis on the

cobble-gize distribution of sandur deposits.
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GEOMORPHOLOGICAL AND KYDROLOGICAL
INVESTIGATIONS IN A HIGH ARCTIC
DRATNACE BASTH

{

’ C.‘K..Ballantyne

_b‘ ABSTRACT

This dissertationreports the results of investigations into'the
geomorphic role of fluvial processes In a hignéarctic glacferfzed drainage
basin in the sumter of 1974, A review of the relevant literature (chapter
1) is followed by a statement of objectivesand a description of the etudy
. area. In chapter 3 the drainage network at the time of deglaciation 1s
reconstructed and the subsequent mo#ifications effected by the river are .
shown to involve downcutting concomitant with isostatic Tecovery, with the
resultant formatien of gorges and terracing of alluvial deposits. The &
- three-month hydrologic regime of the river and its-major tributaries is

describedand analysed in chapter 4. Glacial meltwater is found to constitute

55Z of total discharge, BJowmelt 35X. Flash floods occurring on the river
are explained in terms of the temporary retardation of flow at the glacier
margin, In chapter 5, figures for dissolved and suspended concentrations

and load are presented for khe-river and its najor tributarieo, and sedi—
'nent‘concentrntion - diecnarge relationehips are described and discussed.

Sources of eediment are investigated and regsults compared with those

obtained elsewhere in the erctic Chapter 6 includes a description of the

-
v -

x1d



erosional landforms of the basin, and & detalled analysis of cobble-size
distribution over the surface of active and-relict sam‘fhr from which it is
concluded that cross-sandur variations in clast size may be just as

significant as downsandur fining. The major conclusions of the study are

restated in the final chapter,
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CHAPTER 1

o

-

INTRODUCTION AND REVIEW OF LITERATURE

1.1 INTRODUCTION

Studies of high-latitude landscapes have traditionally focussed
on landforms and processes which distinguish thesa‘ environments from
other morphoclimatic zones. As a reeﬁlf, knowledge of the glécial aﬁd
periglacial characteriafics af arctic areas has profited, but at the
expense of relative ignorancé as to the effecti#egeas_of other geomor-
phic proceéses in these areas. In the past decade this bias has been
partly rem;died, pérticularly with the inception of quantitative studies
of the geomorphic role of rivers and the sea in the high arctic. One of
the consequences of these‘sthdies has been aﬁ in;reasing-gwareness of the
importance of fluvia} activity in periglacial areas, = concépt emphasized
strongly in a number of recént publications, notably those of Church
(1972), McCann, Howarth and Cogley (1972), and McCann and Cogley (1974).

The study of the role of Arctic rivers is still at a pionee; stage
however;.and in many quarters the periglahial landscapes of the arctic are
still'viewed as being doFinated by frost and snow action, freeze-thaw and
distinctive mass-movement processes. In contrast, the evidence from
fluvial studies suggests that typicaliy'"periglacial" landformas represent
relatively minor though diétingt landscape elements, apd that the
physiography of most present-day arctic areas in fact.reflects most ’

strongly the twin influences of Pleistocene glaciation and postglacial
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o

fluvial modification. If thig ig go, the principal geomorphic influencee
in the arctic are not dissimilar from thosge affecting mid-latitude land-
scapes. Such a view clearly involves considerable conceptual re- —
.orientation from the traditional viewpoint of periglacial areas dominated
-by cold climate processes. Before any eubstantiel re-evaluation of the
geomorphic influences can be made,hhowever, some fundamental questions

oo the role of rivere must be answered and the generality of results
obtained to date must be confirmed. Thig digsertation is directed-to
these ends.

In the pages that follow, four aspecta of arctic fluvial geo-
morphology are considered through the study of a glacierized drainage
basin, 91.2 km? in area, on Ellesmere Island, Northwest Territories,
Canada (figure 1.1), The first topic concerns the postglacial evolution
of the basin, a hitherto neglected theme. Consideration of the distinct
hydrologic regime of a high-arctic glacierized basin foroe the second
aspect'ofuthe-etudy. This 18 followed by a discussion of sediment load,
its geomorphic significance, and the factors affecting 1its short-term
fluctuations. Finally, some of the characterietice of high arctic fluvial

and glaciofluvial landforms are described. The remainder of the present

chapter is devoted to introducing these topics through a8 review of the

relevant literature. \\\\\\\\ *

1.2. THE EVOLUTION OF THE ARCTIC DRAINAGE NETWORK
The literature on the development of the river systems of Arctic
Canada 1s rich-in speculative generalizations but scant in detailed

evidence. The present drainage pattern undoubtedly contains preglacial
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éa well aé postglagial facets, but the identification and differentiation
of thesg elemensp 1s complicated by extensive landscape modificgtions
effected by glaclers during'the intervening Pleistocene period.

The preglacial evolution of the arctic drainage system was con-
sidered on a broad scale by Nichols f1936), who proposed that the straits
separating the islands of the Arctic krchipeligo represent the presént |
expreasion of a drowned glaéiatgd drainage system. This concept was
expanded by Fortier and Morley (1956), who enviaaged'the development, in
early Tertiary time, of large consequent streams acrogs the Cretaceous
forma;ions of the central archipelago in a north-wé%terly directien. .Bird
(196;5 further elaborated this idea, suggesting thﬁt\tﬁis pha;e was
followed by‘the dévelopment of subseq;ent streams flowing in downfauited
graben such as Pééry Channel. He beliéved that these streams were
probably responsible for the formation, in the middle ér late Tertiary,
of the extensive peneplain known as the Barrow Surface in the central
arctic archipelago, and possibly also for the deposition of the Beaufort
Series fufther west, Bird contended that the entrenchment of major
streams inté thé‘Barrow Surface and 1its correlatives occurred during the
late Pliocene or early Pleistocene, when sea level 1s known torhave been
. at ; minimum. The major lines of dissection were probably enlarged and
modified by the Pleistocene ice masses which covered virtually all of the
Canadian high arctic except possibl# areas ii the extreme west (Craig and
Fyles, 1960).

These ideas were adopted at a more local level by Robitaille

(1959, 1960). He noted that the Barrow Surface in south-easﬁ\Cornwallis

Island is dissected by steep-sided valleys, and attributed the formation.
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of these to‘three distinct étages of development:.

"Au Pliocéne, de grandes vailéeé & fond plat sont {nscrites
dang le plateau .... 3 la fin du Pliocene, 1'exhaussement

du sol déclenche une incision rapide des thalwegs, les cours
d'eau gpprofondiggent'leur vallée saga'y practiquer d'erosion
latérale notable. L'instauration du troisisme épisode
ahrﬁieutiau cours de la phase initiale de 1'emersion glacio-
lsostatique qiand les cours d'eau retrovent . leur vallée

© préglaciere"

P (1959, p 365).
This view was notlupheld by other workers in the same area. Cook
(1967) described the Mecham River, Cormwallis Island, as "a small post-
Pleistocene stream", and McCann and Cogley (1973) argued from evidence of
' recent downcutting that the‘Mecham River and “the steep gorges of Corn-
.wallis and Devon Islands are essential}y postglécial; though possibly
initiated in the Pliocene. No definite evidence of the extent of the

poétglacial development of high arctic Streams has yet been presented,

however, and the topic remains one of contention.

1.3 HIGH ARCTIC RUNOFF

1.3.1 Nival Runoff

Arctic streams which drain uwnglacierized catchments have a dig-

tinctive hydrologic regime, . ﬁith¢the exception of major rivers such as

[Pt

the Mackenzie (Mackay, 1963) andlébme rivers in arctic Russia (Suslov,'
1961), flow ceases completely duringrthe winter months; in the Queen

Elizabeth Islands the runoff season extends at its 1ongeét from June



to Septéﬁber._ The general patternfofiflow dur£ﬁ§#¥hg_ﬁigh arctic runoff
éeason involves a brief period of highudischarge r;fiecting rapid'épring
snowmelt, followed by ailonger period of declining discharge as the re-

maining snowpacﬁ attenuéﬁes. Superimﬁosed on this pattern are diurnal

discharge fluctuations resultihg from systematic variations in snowmelt

rate, and floods associated with rainstorms. Sparse vegetation cover and

a .
!

the low storage Eapacity of the shallow active layer caﬁse a - "flashy"
response to summer rainfall. This type of regime has been classified as
harctic nival/small river' by Church (1974). |

! Despite the recene§ 3% studies of arctic nival runoff,.a nuntber
of summary articles havé already appeared. Hartman and Carlson (1970)
assembled an initial bibliography of érctiga&;te; resources, later-éupp-
lemented by an arctic water-balance bibliography and assessment by Ding-
man (1973a). For Alagka, general accounts of progress in streamflow
research have been published by Childers (1971) and Kane and Carlson (1973).
The sparsity of the Canadian arctic hydrologic;;\nstwork and proposals
for its expansion form the main theme of a publicathn by Clark and
Peterson (1972), and more recently the Water Survey of Capada (1974) hasg
pfovided a "historical streamflow summary” for Yukon and Nortgfgst
Territories.‘ Significantly, the entire Arctic Archipeligo is represented

in this publication by a single month's measurement on one small stream.

Of greater interest are the review papers by Church (1974) and

N

Léken and Mackay (1974). The former clagsified high latitude regimes by
basin size and environment (muskeg, suharctic,'arctié~nival, arctic pro-

glacial) and tabulated examples of maximum runoff rates and response

|
i



characteristica for each type. Léken and Mackay (197
bread synthesis, which includes consideration of physical 1imnology,
groundwater and water management\las well as surface runoff. | In the
present review a IEEB\eclgcticrapproach is adopted, centréd principally
on recent studies of nival runoff in the Queen Elizabeth Islands.
The dominant elements of the arctic nival regime were first
recognised by workers in the western Canadian arctic, A description of
Y diurnal discharge fluctuations on Ellef Rignea Island was given by St.-
Onge (1965), and Pigsart (1967) publighed a IQfgely qualiﬁative account
of runoff on Prince Patriek Island. He noted gbqr phases in the com-

N . ‘\

mencement of river discharge :
1. 1local snowﬁack melt by solar radiation while amﬁient git
temperatures remained below freezing; T
z, generél melt with the percolation of rainwater to the '
base of the snowpack and i&to_snow—choked stream courses;
: - refreezing and sub-nival rillwash;
3. commencement of runoff over snow and ice in streambeds;
and | : :
4. runoff over streambeds afterlthe melt of "anchor" 1ice. !
Piggart . alsc noted diurnal discharge fluctuations and measured variatioﬁs

of 5 - 15 mos L. .More significantly, he realised that the sparsity of

PRI PP

bggqtation and presence of a near-surface permafrost table would lead to .

rapid rainfall response and conseqﬁent high (and geomorphologically ;

effective) discharges.

In the eastern Canadian arctic some piloneer measurements were
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made in the ‘summer of 1959 by Cook on the Mecham River, Cornwallis

Island (Cook, 1967). He identified the sources of runoff as melting

rainfall and seasonal thaw of the active layer, and recorded, like

Pigsart, some runoff before mea temperature exceeded 0°C.

. . Following the rise in mean dailly temperature gbove freezing point, Cook ‘ -
\ SR
© % noted :
" - a period of intense melting, lasting perhaps a week, =\;5\‘5%‘_-—;

aéter which daily mean temperatures rise sbove 32°F. During
this period meltwater collects on tﬁe valley floor,JHéIdkﬁééir
' by an ice dam at the'river mouth. |

-a period of catéstrophic flow.following the brgakiné of the
4ce dam and the continued rapid melting of most of the snow

in the valley. This flood lasts approximately ten days and . i

4

is estimated to represent about 90% of the total yearly

runoff. <

- a period of sharply decreased flow which continues until
the river-freezes to the‘bottoml SbufEE-of‘runoff during
this period is from‘mélting snowpatch remnaﬁ;;:‘rainfall
and melting permafrost. Thé'period terminates before-midf_

. . September" '
-~ \\\\ , . : (p 266) -

The éﬁove represented the most\complete description of the high

~. \

- - ) A o
arctic runoff sequence before the present decade. Unfortumately, Cook's

runoff data consisted only of maximum dafly velocity readings, which
I N, .
are a poor surrogate for continuous discharkg measurements. This pre-

cluded comparison with meteorologic-variableék

\
\;



Siﬂce the publicatiomaf Copk's work, there has been a small
flood of studies rélating to high arct: val runoff, éonﬁerning rivers
on Devon and éornwallis Islands (Cogley, 1971, 1975 pre aration;

, C;gley and McCann, 1971; McCann and ngley, 19?2,C1974; Mccann, Howarth -
d_Cogley, 1972), Ellesmere Island (Ambler, 1974; Walker, Lewis.agd
Lake; 1973) and Baffin Island (Church lgié; Vieira-Ribeiro,

A pilot study of "Jagon's Creek", a smdll (2.3 kmzf basin drain-
ing the Barrow Surface on §.W. Devon Island by Cogley (1971; Cogley and
. McCann, 1971; McCann and Cogley, 1972) provided quantifative support for
the conclusions of St.-Onge, Pissart and Cook; and added considerably
to knowledge of the behaviour oflsmall high-latitude catchments. . The
geomorphic-impbrtance of the snowmelt freshet and rainstorm floods was
confirm;d, aﬁdalag of discharge behind\r;diative and rainfall inputs was

-

found to be brief (5h). Covariance an% spectrél analyses of discharge
and meteorologic dataxghqwed a atrongerxrelationship between net radia- )
- \tion,and discharge than bégﬁeen temperafpre and dischargg, indicatiqg that
rQAIatiqp provides a bettef index for snowmelt variations than tempera-
ture. ‘

‘1& This study was foilawed u# by hf&rologic investigations in the
Mecham basin,'Cornwaliis Island, for which a 5 year diachafge record
(1970 - 1974) has been obtained. Somelof the geomo;phic results have
already been published (McCann and Cogl%y, 1974; McCann, Hoﬁarth and
Cogley, 1972) but the main hydrologic fipdings have not yet appeared.

|

Study of the water balance (Cogley, 1975\in preparation) revealed two

\

factors of first importance : evaporation\in the Mecham basin

apparently accounts for a water loss that‘is approximately 1.0 - 2.5
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times the river discharge from the basin' and precipitation is grosaly

undermeasured with the measured figure possibly as low as 0.25 of the

actual figure. The latter conclusion was anticipated for all northern

~ North America by Hare and'Hay (1971) and for small catchments in the

\
\

1Y

Mackenzie basin by Anderson and Mackay (1974). \\\

Preliminary results have appeared describing the discharge of

: the "Welr River'", which drains a 29.4 km? unglacerized catchment at a

latfitude of 81°N on El1esmerE“island*kgggmggffhermost study qo ate

(Walker, Lewis and Lake, 1973; Ambler, 1974).—T;H;hﬁ;a?agraphaiaz‘ﬁ_is
. : | "——

stream conforms to the established "arctiﬁ nival" pattern, but no in depth-

analysis of data has been published. At the other latitudinal extpeme
Vieira-Ribeiro (1975) gauged discharge on three streams in southern
Baff}n Islan@, gnd attempted to derive a predictive model for runoff
based.on degfée-day meésurements:‘ These Baffin rivers also conformed to
an "arctic piygl“'regime._ -

‘For completeness, mention should be made of some of the principil
literature on arctic and subarctic runoff under the rather different
climatic regimes of Alagka and the Mackenzie Basin. The hydrology of
small Alaakan catchments has been studied by Dingman (1966ab, 1971,
1973b) Brown Dingman and Lewellen (1968) and Likes (1966). In com-
parison with the streams of the Canadidn arctic archipeligo, small Alaskan

riyers display a'leap pronounced spring flood and a 1onger lag in response

[
™
t4 meteorologic inputs, reflecting a denser vegq;ation mat and deeper

e

—

aétive layer. The result is a damping of diurnal disch e"fluctuations.

ﬂhis is ?IEE’Egte/marked for large Alaskanfsffg’ amsg , such as the Colville

_Rivef’fz}nborg, Walker a ppo, 1966) and for the small tributary

a7
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catchments of t%e Mackenzie .eystem, where reaearch into the environ-
1

:mental raFificaqions of pipeline development\has prampted a number of

recent atudies (Anderson and Hackay, 1973, 1974 Sellars, 1973 \
\
'Anderson,|1974 fasper, 1974, Newbury, 1974) Differences in runoff ?
\
| .
‘regime bepween tpeae reglons and the Canadian arctic archipelago rﬁsylt:-

ol -

from‘diff#?enped in environmental conditions, and give credence to %he
. i . ! M B

coy I - ) i
recognition of peveral distinct hydrometeorological regions within the
. “ '\I N N q . . .

arctic as fpp}ied by Church (1974). The definitive clagsification 6@
4

. / .
arctic hydrologic regimes awaits further measurements.
| T , ' o

1.3.2. Glacial Runoff
. \\ - .
The recént development of a number of deterministic and pre-

dictive models of glacial diséharge}temploying both statistical approaches

{for example Gdodison i972 ‘and Jensen and Lang, 1973) and energy balance
techniques (for example Derrikx and Loijens, 1971, Wendler and Ishikawa,

1974) has raised the study of glacial hydrology to s considerable level

of sophistication. The scope and progress of this field can be evaluated

through refereﬁce to the three-part study of glaCial runoff c0nducﬁéd by
Stgnborg (}9@5, 1968, 1969) in Northern Swedén, the International
Association‘of Hydrologic Sciences'Publiéation No.107l("The~role of sn&w
'and ice in hydrology™, 1972), and the International Asséciation of
Scientific Hydrology Publiiifion No.95 ("Symposium on the hydrology of
glaciers,” 1973). The growing use of diacharge measurements ag ablation
- egtimates (Tangborn 1966 Meier Tangborn, Mayo and Poat 1971; Wendler
and Iahikawa, 1973) has contributed considerably to -the data availaple

o

on glacial runoff « ”‘ ' . ) f"- ,' .2

detden A
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The use of stochastic techniques  has been almost eiiirely'res— . o

4

tricted to studies of isothermal "temperate™ glaciers, and the rather
sméll body of literature on the hydroloéy of cold "sub-pﬁlar" and.
"polar"ice magses is primarily descriptive. This bias is sﬁrprising,

'in’view of the fact that supposedly 1mpermeab1e cold glaciers consti-
tute rather simpler hydrologic systems _normally with negligible englacial
or sub—gl§cial water movement or stgrage.

Ih the Canadian arctic a;ch}pelago, the first substantive inves-—
tigation of the relatiouships between meteorologic inputs, ablation and
meltwater discharge were made by Keeler (1964) on the Sverdrup Glacier,
Devon Island. A similar but more detailed study was pursued by Agams
61966) on the White Qlacier, Axel Heiberg Island. Adams noted stéiking
similaricty in the behaviour of net shortwave radiation patterns and the
discharge fluctuationé of a‘supraglacial stream, and concluded that
radiation was the domin;nt determinant of melt rate, and hence the
d-i;;nal discharge cycles that form the main characteristic of glacial
4runoff. ée also made‘detailed observations on the impact of summer raiur
fall : in 1960, a relgtively rain—freq year, the maximum dischérgE'of
the ice-marginal Ermine River hardly exceeded 5.0 m39_1, whereas in 1961
discharges greater thaﬁ 20.0 m3s~1 were recorded following persistent but

© not torrentlial‘rainfall. The presence of sno%cover. on the glacier sur-
face éeneraily led to exténsive percolation of meltwater and rain into
the snowpack;‘ma?kedly.slowing the otherwise raﬁid gldcial runoff. TFor
1960 and 1961, melting ice was found to contribute 81X and 63X ‘respectively

of the- total annuwal runoff in a 5@ km2 basin with 75% ice—cover.

-
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On Baffin Island, measurements'of discharge made on the glacial--

Decade River by #strem, Bridge and Rannie (1967) exceeded the measured

[
+

contributions of rainfall and ice—melt. This difference was attributed
to errors in ablation measurements and overestimation of the amount of

© rain which froze on the glacier surface rather than contributing to run-

off. Also om Baffin Island, hydrologic meagurements were made near the

snout of-the Lewis Glacier by members of the now-defunctgGeographieal Branch,

Lo

Department of Energy, Mines and Resources, and reported in an anonymous

.paper (1967). This publication stressed the close relationship between

‘heat supply and runeff Cumulative runoff was plotted against cumulative

e

degtrep-hours in thetmanner decribed in Keeler (1964), and indicated the

importance of the rate at"which the freezing level extended -upglacier and

-

the speed with which.supraglacial channels werd "slushed out", until
1t

... a state is finally reached in which the entire

watershed has become contributary and the old ice surface

is reached. Thereafter, cumulated‘melt proceeds in a

more or less-linear relation with the heat index"

{(p 257) .

. ey

-~ The same Lewis Glacier discharge data, together with discharge -

tecords for the glacial rivers of Ekalugad "Fiord, east-central Baffin
;T .

Island, were analysed by Church (1972) in his major work on arctie

fluvial processes. He investigated the diurnal discharge cycle as a

periodic function

Qp = §+ec;sin 9it (1.1)
— |

B e = SL ST
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where @ 1s the meén'daily flow and ©; are periodic phase angles. Using

hourly mean flow values, he féﬁnd fhat the main (24 hour) harmonic usually

accounted for more than 902 of’the total diurnal variance. As might be
'expected, peak flow times exhibited much less variance during seasons
with relatively fine weather. Similarlf,‘serial correlation revéaled a
high degree of seasoral. structure during fine-weather runoff seaéonﬁ,

: but strong within-season effects during stormy seasons. Church also
provided a detailﬁﬁ description of the seasonal runoff sequence (breakup,
summer flow, freezeback), and discgssed soufces of flow, the influence
of meteorologic inputs and extreme hydrologic events.

The preliminary results have appeared (McCann, Jamés, Cogley and
Taylor, 1972; McCann, Cogley,.Woo agd Blachut, 1974; McCann, Cogley,
Blachut, Ballantyne and Benmett, 1975) of invegtigations into the hydro-
logic behaviour of twé.glacierized basinﬁ, one of which forms the study
area for this dissertation, on Ellesmere Island. Some of these results
are described in section 4.1.

The presence of an ice-dammed lake in a glacierized basin maf
represent a congiderable hydroloéic hazard. Althopgh there is a vast
literature on the behaviour of such lakes (Blachut and Ballantyme, 1975
in preparation), treatment of thelr drailnage patterns in- association with
a dam of cold rathér than temperate ice is restricted to a monograph by
Maag (1969), and a forthcoming thesis by Blach;t (1975, in prepération).
More pertinent to the present study are the observations by Adams (1966),
Church (l§§2) and Wendler, Trabant and Benson (1972) on the temporary
ponding of ice-marginal streams by falling ice and élushflows, although

in none of the recorded cases did the breaching of a temporary ice dam

A et

et ——n e st
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result in significant fiooding.

As a conclusion to this section it should be emphasized that
 comﬁarison of high aretic glacial and nival runoff has not yet been con-
.sidered in detail, although many supposedly "glacial” catchments are

éffectively only partly glaclerized and actually exhibit a "glacionival”
reg%gf: The influence of a nival compodent was cleafly récognised by
Adams (1966) but has received.less satigfactory treatment from other
éuthors.(OStrem, Bridge and Rannie, 1967; Wendler, Trabant and Benson,
1972). : -
I4

1.4 FLUVIAL PROCESSES AND SEDIMENT TRANSPORT

' 1.4.1, Introduction -

HdCann, Howarth and Cogley- {1972) have noted the scant treatment
accorded torriver action in contemporary texts on periglacial geomorphelogy.
This deficiency is surprising, in view of the fact that a number of papers
published before the present decade emphasized the importahce of running
water In periglacial areas. As'early as 1897, Tarr discussed the erosive
powver of meltwater on Baffin Island and Greenland. Jenness; writing about
the western Canadian Arctic in 1952, devoted several pages to the work of
running-water and concluded that the most significant active processes
are mass wasting and fluvial erosion. Robitaiile (1959, 1960} counted
fluvial processes as ''pas les moins importants" operating on Cornwallis
Island at the present time and Czeppe (1965) emphasized the efficiency of
sheetwash and rillwash as agents of gsediment transport on Spitzbergen.

Rudberg (1963, 1969), working on Axel Heiberg Island,was keenly

aware of the effects of rivér action on that 1island :
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"The influguce of running water is étriking in weil—

developed fans, outwash trains, valley traiqs and in

some areas where erosion is responsible for V-shaped

valleys, canyons, ravines and rill-sculpture."

| (1963, p 1395

The effectiveness ofrfluvial activity he attriﬁuted to the characteristic
rapid storm runoff of arctic areas. Cook (1967) was not so certain about
the effectiveness of fluvial erosion; following his investigations on the
Hecham-River, Cornwallis Island, he concluded that fluvial action

“... is essentially a cathartic, transporting the

weathered products of other processes by not, in

itself, producing great amounts of erosion”

- (p 267)

Maag's study of aspects of glacial hydrology on Axel Helberg
Island, carried out between 1960 and 1963 but published in 1969, represents
in part an early attempt to measure the effectivggess'of fluvial processes,
in this case in the proglaciai zone. He noted that the relatively sediment-
free waters draining an ice~dammed lake eroded consideraﬁle‘quantities of
debris from a proglacial moraine, and provided estimates of river load.

His figures must be treated with caution, however, as his sampling methods

were crude, and he did not state the means whereby the bedload figure was

4

——

derived.

In more recent studies, measurement of stream load has replaced
intuitiﬁe assegsment ag the dominant approach to the study of fluvial
processes in arctic areas. The rationale behind such measurements ig that

the sediment load transported by a stream over a given time period ©
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(usually one year) provides an approximate ipdex of denudation rate.
Althoug# such an index has little intrinsic ﬁeaning, useful comparisons
can be made with similar indices obtained for other enviromments (Douglas,
1973). The following three secticns summarise the results of such

measurements.

-

1.4.2 Solute Concentration and Load

| In 1959 J. Corbel suggested that solutional removal from carbonate !
terrain is more intensive in cold than in warm.climates. ‘'This 1dea was
based on the fact that the level of COj in solutiom is.greatest at low
teﬁperatures. Eigh €O, levels measured in and at the bases of snow-
patches by Kauko and Laitinen (1935) and Williams (1949) support this
}easoning, but more recent studies have shown that the COp content of
surface waters is determined by a complex interaction of climatic, 1itho-
logical and bilological variables (Qouglas, 1968), and that Corbel's ideas
are subject to oversimplifying agsumptions.

The results of recent studies of water hardness in the Canadiaﬁ
arctic illustrate some of the deficlencies of Corbel's conclusions. Smith
(1969, 1972) measured water hardness at sites on Somerset Island and ob-
tained a rather low (57 p.p.m.) ﬁean concentration for major rivers. The
_ mean value obtained for eleven “mérsh and meadow" sites was 106 p.p.m.,
indicating the importance of vegetation In increasing the acidity of water,
and hence its capacity to maintain larger quantities of solutes. The
relatively low hardnesses obtained by Swith prompted him to conclude that
so}ution has not been a significant factor in postglﬁcial erosion. -

Investigations of the solute contents of Arctic streams have also

been carried out on Devon and Cornwallis Islands (Cogley, 1971, 1972;

s ewte
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McCann and Cogley, 1971). 1In the former area Cogley found an inverseﬁ
relationship between golute concentration and water‘discharge for a small
.cre;k with a 2.3 km? drainage bésin'on@carbonate rocks. This relationship
he attributedlto‘a “dilution" effect; during periods of high discharge, a

smaller percentage of the total volume of water is in contact with the
: chann;i perimetér.' The "high discharge' solute concentration for the
snownmelt flood wﬁSIBOZ.Q 407 less than that measured during rainstorm
floods. This is probably explained by CO; depletion in snowpacks, and is
reflected in pH values : snowmelt pH 7.835, rainwateé 6.0 and 6.6. The
total (Ca + Mg) hardness values measured by Cogley in the Devon Island
creek ranged from 29 - 102 p.p.m., and total geasonal dissolved load was
roughly equal~t9, or.slightly greater than, total seasonal suspended load.
Cogley concluded that salts in solutionlfdrmed an important component of
total load; the generality of ﬁhis conclﬁsion for high arctic limestone
terrain remains to be tested.

1

The only reported meésurements for non-carbonate éreaa are those
of Church*(1972), who sampled glacial rivérs on Baffin Island. Solute_
concentration was genmerally low, a function of the insolubility of the
Baffin rocks ?ﬁetasedimentg and granite gneisaes).f Total concentrations
were generally less than 25 p.p.m., excépt during flecods. During the
1963 snowmelt flood on Lewis River, a value of 93.4 p.p.ﬁ. was recorded,
of which C1~ and NOS_ ions accounted for 47 p.p.m.; jokulhlaﬁp floodwaters
in the same area contained concentrations as high as 328.6 p.p.m. |
(c1™ + N03‘ = 179 p.p.m.). Total seasonal solute load however constituted

a very minor part of total load, and Church rightly concluded that salts

in solution play only a small role in the denudation of this non-carbonate

*

PR

LR



19

area.

1.4.3. Sugpended Sediment Concentration and Load

Although a wealth of aata.exists_on the concentration and load
of suspended sediment carrigd by rivers in temperate regions, relatively
few measuremegts have been réported for the AchIET“‘The earliest signi-
ficant study was made by Arnborg, Walker and Pelppo (1967) on the
Colville River, which drains a large (50,000 ka) catchment in Alaska.
They reported on the size, concentrafiéﬁ and load of mater;al'in suspension,
and noted a general covariance between séaiment concentration and discharge,
a Ttelationsghip long established for lower latitudes (Hjulstrom, 1935). The
gg;ly gpring floodwaters of 1Fe Colville River had low concentrations of
suspended Inorganics, as melting snow é;&:ice contributed very little
silt-size material and the tundra had not yet started to thaw. During
the ice~breakup flood, however, concentrations qf 1,500 mg 1_1 were Te-
corded. Flow velocities of up to 2.0 ms"l and high (14°C) water tempera-—
tures caused extensive bank collapse at the time of the breakup flood
(Walker and Arnborg, 1966) with the coﬁsequent supply of abundant fide
material to the river. The highest recorded concentration (1,650 mg 1_1)
occurred immediately downstream from an area of bank collapse. 621 of
the total annual load was carried dowariver in the 15 days of the break-
up period.

The concentration and load of suspended sediment in streams drain-
ing much smaller non;glacieriéed arctic basins has been studied on Devon
and Cormwallis Iglands (Cogley, 1971, 1975 in preparation; HcCann, Howarth

and Cogley, 1972; McCann and Cogley, 1974). As a result of investigations



on "Jason's Creek”, which dre}ns 2 2.3 kn? basin on S.W. Devon Island,
Cogley (1971) concluded that suspended sed{iment concentration levels in
the high arctic are of the same magﬁitude as those of lower latitudes,
He also foumnd covariance of water discharge and suspended sediment cop-—
centration, but noted that this- relationship was subject to the vagaries
of sediment supply, a2 mudflow moving into the Stream had the effect of
raising the concentration from 2 mg 1~ -1 (above) to 158 mg 17 -1 (below).

For the Mechanm River, which draing a 95 km2 catchment near Resolute,
Cornwallis Island, McCann, Howarth and Cogleyr(1972) reported high sus-
pended sedipent concentrations at the omset of the snowmelt flood. This
was problematical as the snowpack source appeared "clean". They concluded
that at some stage meltwate;s must flow beneath the bage of the snowpack,
entraining sediment en route to the river. 1In general, concentrations
of suspended sediment measured in the Mecham were low: the 1970 measured
maximum was less than 600 ng 11,

@strem, Bridge and Rannie (1967} have reported the results of sus-~
pended sediment observations made on the glacial Decade River oc Baffin |
Island. Heesured concentrations during the study period rarely exceeded
1, 000 mg 1 l, although 601 of the total s8ilt discharge during the obser-~
vation period occurred on a single day of high discharge following rain,
This paper also contributes a useful discussiou of the significance of
sampling time: little change in concentration was observed during the first
half of any day, but after 1200 h large fluctuations‘occurred. From the
results of intensgive sampling over 24 h pefiods it was calculated that the
Dmean concentration value for the second half of :he day was 60 of the

ocbserved value.
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Church (1972), also working in the proglacigl zone on Baffin
Island, recorded :"normal” high flow wvalues of 500 - 1000 mg 1-1, with a
maximum of 4,800 mg l_l récorded during storm runoff at Ekalugad Fiord.
Even this maximum value 1is considefably smaller than values obtained
from low—latitude glacial étreaﬁé.‘ Fahnestock (1963) measured concen-
trations up to 17,200 mg 171 at Me, Rainier, Washington State, and Mat-
hews (1964) obtained 8,000 - 10,000 mg 1”1 at the snout of the AtHabasca
Glacier. Church considered the hardness of the Baffin rocks te be
partly responsible for the relatively low values he obtained, noting that
the discharge of wash load is limited by supply rather than by stream
competence or capacilty. “

Multivériate analyses of suspended sediment data revealed that

suspended load essentially followed the relationship

Cous = Kk (@, P) . (1.2)

!

f

where c;us 1s suspended sediment concentration, @ 1s water discharge, P
ig number of days since last precipitation plus one, and k 1s a constant.

Suspended sediment discharge (Qg, .} was found to vary approximately with

the square of discharge

Q = & _ (1.3)

B8us

implying near lineafity in the response of suspended sediment concentration

to changes in discharge.

Although the availlability of fine sediment has been acknowledged

!

in all of the abovementioned papers as a factor of prime importance;, the

[
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‘natdEé‘oﬁmsediment gources in

_ the arctic has '
P reeniz“a‘the////I e
Malaurie (1954) observed“{h‘e- il importance of mass>wastage in

e —— -

supply fimemiaterial to rivers, and Czeppe (1965) emphasized the role of
rill-wash in transporting fines to the rivers of Spitzbergen. ﬁilkiﬁson
. (1972), working in the Canadian Arctie, demonstrated that cryoturbation
released fine ?;teriaifﬁto the rill system; even on low-angle slopes
high (up to 7d0 mg l) silt concentrations were obteined from rills, - “'

indicating tpeir importance in supplying fine sediment to arctic rivers,
[ ‘ :

/
Church'"(1972) emphasized the: importance of glacial debris as.a

sediment source :
!

!
[a1]

‘aes Whilst Baffin watersheds appear, from measurement of

present rates of sediment transport, to behave like ' l

; T A’—*""-—_L__—*-_.____ - N !
/remarkably high energy environments, it-IE"ﬁotmclegglthat ’

./ they would continue to exhibit such behaviour after sub— -

stantial completion of postglacial redistribution of

f
! materials..."

|

| i (pp 63, 64)

This Londition is not necessarily true for all of the arctic archipelago. i

A comparative lsek of glacial debris on S. Cormwallis Island may explain

4

the relacively low suspended sediment concentrations measured by HcCann, :

[

Howarth and Cogley (1972) for the Mecham River.

1.4.4 Bedload \\

A

Again\for the Hechaﬂ River, McCann, Howarth and Cogley (1972)

4

considered that\bedload was the most important component of total stream

load. Cogley (1971) reached/a similar conclusion for "Jason's Creek", ‘ §
. X thay



S.W. Devon Iéland, and the ubiquity of coarse clastic valley fillsg throggh~ ‘

out the arctic archipelago bespeaks the dominance of bedload transport.
Unfortunately, the difficulty of agges;ing E;ﬁioad (Hubbell; 1964 ; Yalin,
1973) has deterred its accufate/evaluation. Only Church (19?2) has
attempted bedload measurement in an arctic area. This he did in three
ways : by placing size-graded pebbles, cobbles and boulders iﬁ the stream
and inspecting for removal at Intervals; by the usé af a bedload sampler;

and by a computational formula. Comparison of the-results of the first

two methods emphaﬁiggd,strongly the difference in stream competence when

material.-is~ set in exposed positions on t;p of the bed as opposed to being
incorporated in the stream depoaits.r Church eventually resorted to the
use of the Meyer-Peter formula to measure bedldad.. Again, however,
availabilitx of material for transport prove& an important factor. Church
acknowledged that the Baffin streams frequently flow underloaded, so that
the computed bedload values represented potential tran5port, actual bed-
load transport must have been considerably less. -

Even so, Church'’s results indicated the dominance of the bedload

component. He did not suggest that this ig typical for arctic rivers,

although it seems to typify sandur streams.

1.5. FLUVIAL AND GLACIOFLUVIAL LANDFORMS

1.5.1. Erosional Forms

The most striking legacy of fluvial erosion in high arctic areas
has been the formation of deep, steep-sided gorges. Such features were

first described by Jenness (1952) in the western Canadian Arctic, and on

e amd e e e =
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Cornwallis Island Robitaille (1959, 1960) noted the abundance of "vallées',

courtes et reetilignes «». du type canon" and attempted to explain thelir

. -

existeuce ‘in terms of a Pliocene drainage network

-

Gorges and ravines

have also been described on Ellef Rignes Island and Axel Helberg Island

by St-Onge (1965) and Rudberg (1963, 1969) respectively. McCann and

Cogley (1973) ascribed the development of the "V-shaped gorges" of Corn-
wallis and Devon Islands to fluvial entrenchment during isostatic recovery,
but presented inconclusive evidence. It is surprising, in view of the

n

ubiquitj.ahd impressive appearance of such gorges, that they have not

been subject to more detailed research.

Probably the onlf small~scale erogsional feature unique to perma-
w)

\ frost areas is the thermo-erosional niche (Walker and Arnborg, 1966;

\ Cooper and Hollingshead,: 1973) This form develops when river waters melt
a lateral slot, sometimes of considerable depth, into the permafrost or.
.ground ice underlying a bank of unconsolidated deposits. Eventually,
}arge blocks of frozen material slump into the river. Maag (1969) made a
detailed study of this form on Axel Heiberg Island. He found niche under-

ckps of up to 9 m, and observed that niche development could be halted by

the\sealing of an undercpt through deposition during periods of low flow.

Bangeretreae thxough the collapse of ovefhangs averaged 1.2 m per season,

even though water temgggatures did not exceed 5.0°C. This appears to

‘indicate that rapid bank erosion is to be expected in areas of rapid

thermal undercutting.

1.5.2 Depositional Forms

Unquestionably, the most significant landform of fluvial/glacio~-

fluvial depositiod'Ih the high arctic, from the point of view of both

+
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ubilquity and extent, i{s the sandar or outwash plain. Such features have

-

been described by Church (1972) as

.
‘of‘coarse clastic sedimen&f..._usually characterised by =~
' rapidly-shifting, generally aggrading, braided streams, w;th
high competence and high bed-load se&iment t;ansport rate, 2
3rapid1y changing sites of local erosion and deposition,
- and, consequently, rapidly changing alluvial stratigraphy.
(p 3)
Sandar form the most prominent recent features of the high arctic land-

scape not directly due to ice action. .
Pt}
X

Although.a” largd number qf\aeacriptions of giacial outwash
deposits appeared in the early literature (Church, 1972, p 4-5), the first
measurements of sandur processes were not reported until ‘1939, when

Thorarinsson published the results of his glaciological research on

Hofellsjokull in southern Iceland. Part of the important postwar Scandina-

vian contribution to the study of glaciofluvial geomorphology included a
follow-up to Thorarinsson's work in the form of a compendium of ten

papers ‘on different aspects of the Hofellgsandur, published by Hjulstrom,

Arnborg, Jonsson and Sundborg (1954) A notable contribution to the

study of braiding was also made by Sundborg (1955) in h;gmstudy of the
River Karalven. The work of another Scandinavian, Krigstrom (1962) pro-
vides a starting ﬁoiqt for the discussion of recent contributionms in this
field:.

The formation of landforms consisting of coarse clastic alluvium

is not restricted to proglacial and periglacial areas. The requisite

- -

-.. gently sloping surfaces (usually less than 5° gradient) .&\

e
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" environmental factors appear to include :

P -

1. an abundant supply of .coarse matgriél;
- 2. a river regime charac&erized by frequgnt floods;
and
3. a steep valley floor conducive to the transbort of
. coarse bed matgrial. .
Such conditions also pertain i& certain arid’ and seﬁi-arid (Doeglas}'
1962) and mountain (Chumch; 1952) enyironments, and some important con—
tributions to the 5tudy of braiding and coarse clastic deposits have been
made in areas remote from the present periglacial/proglacial realm (for
example : Doeglas, 1951, 1962, Blissenﬁach, 1952, 1954; Chien, 1961;7B1uck,
1964, Allen, 1965; Hooke, 1967; Smith, 1970). Iﬁ is generally accepted,
however, that the denomination "sandur" refers exclus;vely to glacial éut—
wash featur;as. rs | |
Krigstrom (1962) distinguished between valley sandur or valley
‘trains (dalsandar) and plain sandar (siattlandsandar). Apart from the
aforementioned Scandinavian studies and wo;k by Price (1969,.1971) on
sandur development, destruction and.kettling in Iceland, and Booéﬁroyd‘s
(1970, 1972) sedimen;ological studies en Alaskan sandar, recent inv;sti—

gations have concentrated on the former type. Krigstrom himself contri-

buted a discussion of the formation, stratigraphy and classification of
o

bar deposits, topics théé have formed the primary concern of a large
body of recént North A;;rican literature : Ehrlich and Davies (1968),
Williams and Rust (1969), Boothroyd (1970, 1972), McDonald and Banerjee
(1970, 1971), Rust (1972}, Gust;vson (1974); Heln (1974) and Smith (1274)

have all approached the study of sandar from a sedimentological viewpoint.

&
»

(43

i e e lead e e

L



T

‘envirqnment was that made by Church (1972) on several sandar om Baffin

Three important gemeral conclusions can be drawn from these studies

1. mean and maximm clast size tend to decrease down-

I

sandur;

2. gravel facies predominate; and .

t/,//’3ffsandur bar depgsits normally exhibit crude horizontal -
bedding. o
A more comprehensive study was made by Fahnestock (1963) whoe also
discussed hydrology, hydraulic geometry, flow characteristics, sediment
transport and sources and morphological change with.reference to the
ﬁhite River sandur, Hf. Rajnier. Patterns of braidipg and the morphology
of Alaskan sandaf formed the concern of papers by Fahnesto;k (1969) and
Bradley (1973); Smith 91973) considered rate of aggradatioq of sandur
deposits in Alberta; and Bradley, Fahnestock and Rowehamp (1972) have
discussed the transport of coarse sediment én Fnik River sandur in
Alaska. Interest in the characteristics of sandar is clearly expanding
rapidly. . :
" In the Canadian arctic,'St—Onge (1965) has described and mapped
dalsandar on Ellef Rignes Island, and a recent study by Bennett. {1975)
consi&ered gspegté of process, morphology snd deposits on a small sandur !
onaEllqsmere-island. By far the ﬁost important study cérried out fo;-any
AS
Island. Five major conclusions emerged from Church'§ uork,‘uamely H
l. snowmelt, glacier melt and rainstorm floodé are all
effective in generating bedload mﬂvement; . ’: ST ;-
2:“'Bedlohd constituted the most important component of total :

load; 4 ' :
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3. velocity accomplished a major hydraulic adjustment to
discharge increase, indicating bed form change associated
with increasing sedimeni transport and a2 decline in flow
resistance;

:4. loqg‘profiles tend to parabolas, and competence

h . declined downsandur; and.

5. sandar are aggradational features, but with little
internal structure on account of the rapid
succession of erosional and depositional events.

Comparison of active sandar with Pleistocene relicté, as attempted
in the present dissertation, has been carried out on a very broad scale by
Frodin (1954), and a stratigraphic comparison has been presented by

_McDonald and Banerjee (1971). However, the potential for this type of

comparison remains largely unexplored

1.6 SUMMARY

The evidence presented in the above review of licerature argues
strongly for the importance of fluvial activity in arctic peqﬁglacial
environments but also indicates substantial gaps in our understanding of
the evolution, hydrology, processes and landforms of arctic riyers. The

alm of this dissertation Is to examine these four elements in the context

.

of the partly—giacierized "Schel River"” basin. Of necessity, this investi-

gation was selective. Where possible, hitherto unresearched aspects of
arctic rivers were examined, although some of the results obtained proved
directly comparable with those of earlier studies. Such results are

valuable for establishing the degree of generality of earlier findings.
.
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The evolution of the "Schei River™ system was investigated through
the study of lateglacial and postgla?ial landforms, in order to esteblish'
the‘extent to which the system is of late Pléistocene/Holocene age, an
approach not previously attempted in high arctic areas. The hydrologic
research 1s centred around comparison of the runoff regimes of glacial
and nival tributaries, and their influence on the hydrologic behaviour
of the "Schet River", again an untried approach. As indicated ebove, the
nival component of runoff from a glacierized basin has often been ignored
The results of the present study allowed some evaluation of the importanoe ‘
of the nival component, and yielded considerable additional information .
on the nature of high-arctic glacial and nival stream regimes. The sedi-
ment transport observations are comparable with those made in earlier
high arctic studies, and a particular attempt was made to explain varia-L
tions in the concentration and load of suspended and dissolven and materials
and to define the nature of sediment supply in the proglacial zone.  The
landform study concentrated on a little-researched aspect of the sedimen—
tology of present-day and relict sandar.

This selection of topics leaves many potential areas for research
untouched. It is hoped, however, that the results presented below will
contribute in some measure to the growing but very incomplete body of
work on arcgic fluvial Processes to bring about a fuller understanding of

the role of the river in the arctic landscape.

k. e
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CHAPTER 2

CHARACTERISTICS OF THE STUDY AREA

2.1 INTRODUCTION

The river basin under investigation 1s located near the head of

Vendom Fiord, Ellesmere Island, Northwest Territories, Canada, at latitude i

78°02'N, longitude 82°05'W (figures 1.1 and 2.1). The "Scheil River",
which drains this 91.2 kﬁz catchment, has been the subject of scientific
investigations since 1972 as part of a McMaster University programme of
hydrologic research. Some of the findings of this programme appeadred in
a number of reports (McCann et al, 1972, 1974, 1975, Woo, 1975a) theses
(Bennett, 1975; Blachut, 1975 in preparation) and papers (Ballantyme,
1975; Cogley and McCann, 1975; McCann, i975; Woo, 1975b). A further
season of research in the area is planned for the summer of 1975, after

the completion of this dissertation.

2.2 GEOLOGY

The geologic sequence in the basin of the "Schei River" consists
of an unconformable series of sedimentary formations of widely-differing
ages overlying a Precambrian basement of gneisses, granites and migmatite;
which does not outcrop in the study area. The sedimentary sequence at
the head of Vendom Fiord was first investigated by Norris (1963), as part
of the "Operation Franklin" project, and the major units have sinée been

mapped by Thorsteinsson (1972) at a scale of 1 : 250,000. The following
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account of the stra;igféphy 1ls largely bésed on these sources.

Thé lowest gembers'in the sequence belong to the middle Ordovician
Cornwallis group and consist of the limestones and interbedded shales of
the Irene Bay Fgrmation and the limestones of the Thumb Mountain Forma-
tion. These ro;k; outcrop extensively in the eastern third of the Schei
Basin (figure-2.2) and probably underlie much of the glacierized portion
of the catchment. They are conformably overlain by the dqlomites and
sandy and shaley limestones of the-Allen Bay and Read Bay Formations,
uhich were uninterruptedly deposited throughout the Silurian period. The
lowermost members da;;\fr m the upper Ordovician; the uppermost frém
lower Devonian time. Thengzggﬁaqk\ﬁidge" which rises to ¢ 300.m in the
lower part jof the basin is composed of;these relatively resistant strata,
which also outerop in the central part of ihe basin. Unconformably over-
lying the Allen Bay and Read Bay rocks are the sandstones, siltstones and
conglomerates of the lower or early middiéiﬁevonian red-bed Vendom Fiord
Formation, (Kerr, 1967) which outcrops both in the central part of
the "Schei" basin and on either flank of the "Hogsback Ridge".

Mesozole strata such ag thogse found west of Vendom Fiord are

.entirely absent from the basin so that the geologlec columm from the lower

Devonian to the Tertiary ig unrepresented. The topmost member of the
local sedimentary sequenceris the Tertiary Eureka Soumd Formation, a
heterogeneous and pdo;ly-bedded asseﬁblage of shales, sandstcpes, lime-
snones; lignitic coal and lithified wood exhibiting distinct nomnmarine
facies and described as "soft" and "incompetent" by Nérris (1963).

The sedimentary formations describes above are widely overlain by

B 2 L
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Figure 2.2: Bedrock Geology of the "Schei River" basin,
1 - Thumb Mountain Formation; 2 - Irene Bay Formatio;; 3 = Allen Bay and Read
Bay Eg:mdtipns; h o Qendom Fiord Formation; 5 - Eureka Sound Formation,
Jhég;d iinesﬁrepresent thrust faults with the teeth on . the .upthrust side,

(after Thorsteinsson, 1972)
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Quaternary deposits, particulafly till, outwash and alluvium., The dis-r
tribution, nature and significance of these deposits are discussed in
chapter 3.

The "Schei" basin-Vendom Fiord area, in common with much of
"Ellesmere Island, displays a complex structural history (Thorsteinsson
and Tozer, 1960). As part of the Arctic Lowland and Franklin Miogeo-
synclinal structural provinces the area was subject to severe faultiﬁg_
and folding during the late Devonian Ellesmerian Crogeny. The tilting
and upthrusting of the strata comprising the "Hogsback Ridge" are
probably attributable to this event. During the Tertiary Eurekan orogeny

extensive thrust- and normal-faulting occurred, resulting in loeal

stratigraphic displacement,

2.3 TERRAIN

35.5X of the "Schei River" basin above the main gauging site is
covered by the "Schei Clacig;ﬂ, an outlet lobe of the Ellesmere Land Ice
Cap. 'The main characteristics of this glacier have been described in
McCann et al. (1974), fhe principal feature of hydrolegic interest being
the impermeable nature of the apparently "sub-polar" ice. In common
with most other high latitude glaciers, free water movement is confined
to the glacier surface or margins. There is no evidence of an englacial
or subglacial drainage network except at the glacier margin, where melt-
water was observed to flow through the ice for a few metres before leaving

the glacier.

Comparison of photographs taken in 1972, 1973, and 1974 indicates

that the "Schei Glacier™ has advanced up to 5 m in the course of two years.
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~ This evidence 1s supported by the discovery of recent vegetation over-

ridden by the ice, and by the deveiopment of new meltwater channels in
the till parallel éo the west margin of the glacler. Examination of
E.R.T.S. imagery for 1974 (frame number 1760 - 18013, band 6, August 22)
indicated that the firn line lies outside the area drained by the "Schei |
River", so that all of the glacilerized portion of the catchment lies in
the ablation zone of the Ellesmere Ice Cap.

The upper reaches of the umglacierized portion of fhe basin con-
sist of an essentially undigsected plaéeau, between 400 m and 700 m in
elevation, which rises gradually eagtwards towards the ice cap. This
extensive surface may represent a Tertiary remnant correspouding to the
Braskeruds Plain, 16 km further north (Hodgson, 1973). West of the "Schei.
Glacier" fromt the basin is mantled by till and large areag are covered by
relict sandur deposits, -gpreads of coarse gravels which apparently relate
to the waning of the Pleistocene Innuitian ice-sheet. Further west still
the basin narrows as the "Schel River" enters the "Schei Gorge", cutting
through a hoésback ridge of Allen Bay and Read Bay strata.

Permafrost undgrlies all of the ice-free terrain, and activé layer
depths do not normally exfeed 50 - 70 cm. Vegetation on the plateau con-
siste mainly of mosses and lichens; in the aréa west of the glacler grasses,
dwarf willow and various flowering plants are common; the ''Hogsback Ridge™

is barren.

2.4 CLIMATE

Winter circulation in the Canadian arctic archipelago is dominated



by the presence of an anticyclonic system which initially d;Qelops in the
western arctic then expands eastwards. This anticyclone is responsible
for the cold, dry weather which persists throughput the arctjc-winter, and
does not begin to weaken until Haf, vwhen eastward-moving ﬁepﬁessions adopﬁ
apmore northerly track. Relatively few of these depressioﬁg paés nbfth of
the Parry Channel (Meteorological Braqch, Department of Transport, 1970),
but those that do are responsible for a significant part of total annual
precipitation. Relatively high precipitatibn is also characteristic of
September and October, when the passage of cold air from the Arctic

Ocean and Beaufort Sea triggers atmospheric instabilities. As a result,
the autumm months are stormy until the winter anticyclone becomes re—

.established.

The dominance of summer and autumn precipitation is clear .from

-

the mean precipitation records of the meteorological stations neirest to
the study area (figures 2.3 and 2.4), those at Eureka (450 km distant)
Dundas (750 km), Resolute (945 km) and Isachsen (970 km). The record
for the coastal Eureka station (80°00'N; B85°56'W; elevation 2.4 m) is
probably the most representative for the Vendom Fiord area. Eureka haé
the lowest mean annual precipitation for any station in Canadg with SB.A Tm
(Dundas 105_mm; Resolute 136 mm). 49.62 of the mean angual total preci-
pitation at Eureka falls as rain during the montﬁs of June, July and
August, the.remainde: accunulating as snow or ice throughout the winter
then melting in late June or early July. The 100 mm mean annual tofal
precipitation isohyet passes south of Vendom Fiord, sé'an average annual

precipitation total of 80 = 100 mm seems not unreasonable for the study



3? :

GREENLAND,

Figure 2.3; Location of nearest weather stations.
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area. This figure may require adjustmgut in ligﬁ: bf the récent work by
Cogley (1975, in preparation) which suggests that the Resolute total |
represents groés undermeasurement.

At Eureka, only one major rainfall event has been recorded (4.7
mm in 24 h, 68X of the annual ﬁotal),.but in additiqé a dramatic rainstorm
in the Vendom Fiord area has been documented for July 21 - 23 1973 by
Cogley and McCann (1975).. 54.66 mm of rain fell in ;his period, with
49,4 mm faliing in 24 h on July 22. -Stream runoff exhibi:ed a striking
' respbnse to this cyclonié storm, v |

The arctié sumner at 78°N is Extrehely short (figure 2.4). Mean
daily temperatures at Eureka riée above freeéing_in June then sink below

freezing in September. Geomorphic and hydrologic activity are largely

confined to the intervening period.
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CHAPTER 3 - ‘

1

LATEGLACIAL HISTORY AND THE EVOLUTION OF THE
NSCHET RIVER" BASIN
, 3.1 TINTRODUCTION :.THE DEGLACIATiON OF THE EASTERN CANADIAN ARCTIC
The aim of this chapter is to evaluate, phro;gh an inter?reCation
of the lateglacial history of the study area, the postglacial development
of the "Schei éiver" syétem. The generzal pattern of deglaciation for the
eastern Canadian Arctic is described, and an attempt is made to correlate
.the ev;dence for two distinct readvaﬁce stages ;n the .Vendom Fiord aresa
with glacial events eléewhere in the Arétic. This permits the approxi-
mate dating of a number of lateglacial and postglacial landforms, and
the establishment of a time scale by which postglacial fluvial activity.
may be evaluated. |
ﬁ Dur%ng the Wisconsin glaciation, the gaste;n Queen Elizabeth
Islands nourished an independent ice sheet, alternatively referred to as
the "Ellés&ererBaffin glacier complex" éCraig and Fyles, 1960)_or.the
"Innuitian ice-sheet" (Blake, 1566). At'the'ﬁisconsin maximgm this ice-
sheet covered all but the westernmost islands (Porsild, 1955; Bird, 1967)
and was ;ontiguous with the Greenland ice—sheét to the east and the
" Laurentide ice-sheet to the-éﬁuth._ Taylgii(IQSB) suggested that Green-
land ice over-rode the Ellqsmere Ice-shed to erode the deep fiords of
western Ellesmere, but Smith (1961) ;pngludea from field evidencelthat

this was unlikely.
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* Laurentide ice-sheet ( Bryson, Wendland, Ives and Andrews, 1969) reveals

k1

' ' -

. e W

A radiocarbon isochrone map of the disintegration of the

rapid decay of the Innuitian ice-wmass between 11,000 and 9,000 B.P., with
the virtual extinction of glaciers west of Axel Heiberg Island and north
of Parry Channel by the latter date. Thereafter retreat was slower.

Radioccarbon age determinations obtained for western Ellesmere Island

(Dyck add Fyles, 1964, 1965; figure 3.1) give minimum ice withdrawal

dates of 8710 * 140 140 years B.P. (GSC 2 254) for Blue Man Fiord,

8480 2 1&6 (GSC - 244) for Bauman Fiord and 7750 * 150 (GSC - 175) for
Strathcona Fiord. These d#tes indicate a retreat of only 100 km in more -
than 1,000 14C years. (Hodgson, 1973). -

On Baffin Island, an extensive moraine system which apparentif
ﬁarks the limit of an important lateglacial readvance or stillstand has
been mapped. Christened the Cockburn stade (Ives and Andrews, 1963),
this limit bas subsequently been corfelated with moraine systems in
Labrador, Keewatin and N.E. Manitoba (Falconer, Andrews and Ives, 1965;
Falconer, Ives, Loken and Andrews, 1965). Significantly, all the rele-
vant ' radiocarbon dates obtained within the Cockburn limit are younger
than 8;000 B.P. (Bryson et &l., 1969)'ané‘é'date gf circa 8,200 B.P. is

now accepted for the Cockburnm stade (Andrews, 1970). The Wisconsin relict

ice mass on Baffin Island, now represented by the Barnes Ice Cap, is also

postulated to have readvanced around 6,700, 4,700 and- 2,800 B.P. (Andrews

and Webber,‘l9ﬁé; Andrews, 1966; Loken and Andrews, 1966) and in neo-

.glacial times, 300 years ago. No equivalent substages have been recog-

nised in the eastern Queen Elizabeth Islands, with exception of & rea-

dvance, possibly corresponding to the Cockburn stade, proposed for west-
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Figure 3.1: 14c determinations for
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central Ellesmere Island by Hodgson (1973). This situation'may reflect

1

a different response to short-term climaric deterioration under conditions.

of greater aridity, or merely the paucity of Quaternéry studies north of

Parry Channel,

Concomitant with deglaciation, all Arctic Canada was subject to
pronounced iscstatic rebound, which continues, at a much reduced rate,
to the present day. In the eastern arctic the geomorphic leg;cy of up-
lift takes the form of flights of raised beaches, terraced deltas and
perched outwash deposits. Although the postflacial uplift of Afctic
Canada has been iﬁt;hsively studied (Andréws, 1970), féw attempts have
been made to relate elevated shorelines, terraces and the evidence for

glacial stages to create a unified account of lateglacial events,

3.2 LATEGLACTAL HISTORY OF THE VENDOM FIORD AREA

Although observations on the Quaternary history of the Vendom
Fiord area have been made by Norris (1963) and McCann et al (1972, 1974),
the only detailed interpretation of lateglacial events is that of Hodgson
(1973). Hodéson asserted that ice had re-occupied the "Sverdrup Sandur"
(figure 3.2) at soﬁe period following the retreat of the Innuitian ice.
sheet. He based fhis conclusion on the evidence of'marginal meltwater
channels west of the "Sverdrup Sandur". These apparently drained through
an impressive spillway (location 1 on figure 3.2) at 90 m a.s.1l. The
downstra?m end éf this gpillway adjoins a perched outwash delta (2) with
its apex ;t 77 w and its distal margin at 66 m.r The highest surface of

an outwash deposit to the south (3) was graded to 70 m, and;iprock—cut

bench at the fiord head (4) was also found to be 70 m, Hodgson adopted
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this height as the local marine limit. Marine silts east ofrthe present
"Sverdrup" delta (5) did not exceed 65 m, and a height of 54 m was
obtained for a similar deposit near the N.W. margin of the "Schei Glacier"
(6).

As evidence for a readvahcé, Hodgson's findings are inconclusive.
The terrace and bench heights vield limited information on loeal uplife,
b%t do not themselves constitute evidence of glacial readvance. The
meltwater channel evidence 13 ambiguous, as all.of the channels mapped

by Hodgson could have formed during the Innuitian retreat. Indeed,-

marginal meltwater channels are normally regarded as-retreat-phase features

(Mannerfelt, 1949; Sissons, 1960). The only positive evidence supplied

by Hodgson does not concern the Vendom area :

_ "Ice contact deltas graded to sea levels between 60 m and
80 m higher than present with well-defined lateral and
. terminal moraine ‘ridges were noted elsewhere in central

Ellesmere Island, at distances up to 20 km from the

present ice caps."

(p 154)
Some of Hodgson's evidence actually mitigates against a readvance. The
undisturbed marine silts‘at (6) are inside the proposed readvance margin,
which Hodgson suggested stood at the mouth of the "Sverdrup River". The
surface layers of these silts contained pairfd bivalves of marine pele-

cypod shells, which would be unlikely to survive glacial onslaught. It

is possible, however, that these 1o§er {54 m) silts were deposited after

retreat from the readvance maximum,
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A re—examination of the glacial geomérphology of the Vendom
Filord area provided more substantive evidence for the occurrence of a‘
lafeglacigi readvance. An arcuate ridge rising to 64 m on either bank
of the "Sverdrup Sandur” is interpreééd &g an end-moraine (7). This
feature 1s composgd of rounded and sub-rounded gravels of heterogeneous
composgition, with ; large component of allechthonous Precambrian rocks.
The lack of fine material may indicate that the moraine consists of re-
~ worked glaciofluvial s%dimeﬁta or, more likely, is attributable to the
washing out of fines by a sea more than 64 m higher than present. A
veneer of predominantly Archaen gravels which overlies nearby marine silts
appears to be due to local redistributicn of moraine material by wave
action. Shallow pits dug at the ﬁargin of the moraine showed that the
neighbouring silts were deposited against its flanks. This indicates
that the moraine predates the.silts. g
| Further evidence of a local glacial limit occurs at the distal
end of the Schei Gorge" (8) where the even surface of the highest -
ﬁerrace (figure 3.3} ends abruptly in an area of gtagnant ice deposits.
Alternative interpretations of this hummocky area in terms of frosat
heave or ground ice action were rejected,las the adjacent area of the
high terrace, though composed of simiiar material, is entirely
hummock-free. The very district limit of the hummocky area is
therefore interpreted as representing a glacial limit. Stratigraphic
support for a lateglacial readvance was found in the expoéed ascarp of a
perched delta at (10) (figure 3.4). The downstream truncation of near-

horizontal beds of fine material-by alternating foresets of gravel and

. D e ot e e
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sand Indicates that quiet water deposition was succeeded by a period of
sedimentation undef more turbulent conditions. The higher parts of the
foresets have also been truncated, and the entire exposure is topped by
a metre of sandur gravels, with distinct braids visible on the surface
and a small kettled area upstream., This suggests that the beds under-.
lying the sandur gravels were deposited in a sea higher than the present
level of the feature indicates. The distal end of the fragment is 58.9 m
in elevation. | . -

A fourth-item of evidence favouring the existence of a readvance
concerns the elevations of undisturbed marine silt deposits; Such deposits
were examined at locations (5), (6), (9), (11), (12) and (13) and at a

site 2 km west of (5). Paired bivalves of Hiatella arctica end Mya

truncata were found on the surface of the silts at all these sites, and

eéxamples of Yoldia sapotilla were found at sitea (6) and (13). The

pregsence of paired bivalves and the lack of disturbance of rhythmites in
the silt indicate that silt.deposition post-dated glacial retreat. The
silts at sites (5), (1;) and (13), and the site west of (5) all supported
a veneer of gravel; but this was apparently washed from nearby till
deposits. The silts at (12) supported gravels washed from an adjacent
talus slope and consisting almost entirely of local rock, carbonates od
the middle Devonian Blue Mountain Formation. The lack of erratics in

this last case confirms that the gravels are not of glacial origin. Theo-
dolite survey indicated that all of the silt depoaits outside the.
"%gfrdrup Horaine' (7) achieve an elevation of over 60 m, with the exce-

b

ption ‘of the degraded deposits by (13). Of the depoaita inside the
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moraine limit,-Hodgson reported those at (6) to be at 54 m, and those

at (9) are well below that height. From the elevations of features
;5sociated with the postulated readvance, such as the ép;llway delta at
.66 m, the wave-washed summit of the end-moraine (64 m) and the lower
margin of the kettled sandur (65 m), the readvance can be related to a
sea level of 65-70 m. Howe#er, the highest outwash surface (Tlx' figufe
3.3), a product of the ensulng retreat phase, descends to 58.5 m. It
follows that the silts outside the glacial limit mﬁst have been deposited
before th; withdraw;1 of ice from the readvance maximum, The lower silts
insid; the limit at (6) and (9}, being undisturbed, must have been laid
down after the withdrawal of ice.

" Reinvestigation of the 70 m wave-cut bench at the head of the
fiord (4) and the discovery of a possible degraded strandline at thé same
altitude above the marine silts at (12) confirmed Hodgson's 70 m mwarine
limit. As the marine limit represents sea level at the time of Innuitian
retreat, a 65-70 m readvance séa level implies that only a brief time
interval separates the two events, as they occurred when uplift rate was
at a maximum (Andrews, 1970). It is possible that .this "Vendom Fiord
Qtage" (Hodgson, 1973) represents a major stillstand in ghe retreat of
Innuitian ice rather than a readvance.

The 1%C dates given above and a date of 8,200 + 200 B.P. (GSC-146)
for shells collected at 73 m near the south arm of Makinssn Inlet suggest
that ice withdrew from the fiord heads around or beft;re 8,000 B.P. A date
of 6370 + 100 B.P. (GSC-118) obtained on the distal side of an end-moraine

at Augusta Bay (Dyck and Fyles, 1964) is probably not representative of

the period of Innuitian retreat, as the source material was taken from
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37 m, well below the marine 1imit. Hiatella arctica shells collected. by

Hodgsgn (1973) at 52 m from the marine silts at (6), inside the "Vendom
Fiord" limit, yielded a date of 6980 * BO B.P. (GSC-1858) and two
further examples from a similar elevation yielded almost identical dates
(D.A. Hodgson, personal communication). This date provides a minimum
for the withdrawal of ice from the "Sverdrup" valley. Similar minimum
dates for ice retreat have also been obtained for the north arm of
Makinson Inlet (7310 * 80; S.B. McCann, pefaonal communication) and for
the marine limit at Tanquary fiord (6480 * 200 (SI-468); 6320 * 140
(GSE;373); Hattersley-Smith and Long, 1967). It is not known, however,
if these sites lie inside a readvance limit, although this would seem
not unlikely for the Makinson sample, which was taken near the present
ice-front. A reasonable minimum déte for: the withdrawal of Innuitian ice
from th; area is provided by the 8200 * 200 B.P. déte for the south arm
of Hakinﬁbn Inlet, and Hodgson's 6980 * B.P, date provides a minimum forl‘
ice retreat from the "Vendom Fiord" limit. The readvance would there-
fore appear to have occurred between 8,200 and 7,000 B.P, and may, as
Hodgson suggests, correlate with the Cockburn stage on Baffin Island.

In summary, abundanf evidence in the Vendom Fiord area indicates

that the withdrawal of the Innuitian ice sheet was quickly succeeded by

-

a readvance, the "Vendoﬁ Fiord stage", aasociate&”ﬁith a sea level of

65 - 70 m ﬁnd occurring between 8,200 and 7,000 B.P. Hypothetical
raadvance/limits are shown on figurg.3,51//£odgqgn (1973) tas ideg}ified
further evidence for a readvance elsewhere or west-central Elleémera
Island, and his suggestion that the "Vendom Fioqh stage" is the Ellesmere

correlative of the Cockburn stage on Baffin Island seems reasonable,
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3.3. THE EVIDENCE=FOR A NEOGLACTAL READVANCE

The highéﬁt-;% the Vendom terraces, Tix on figure 3.3, Qés
traced through the'"Schei Gorge" and . correlated with three reliet sandu;ﬁ
featurea (locations (15}, (16) and (17) on figure 3.2; figure 3.6) in ¢
‘the basin west of the "Scheil Glacier + Although the "Endrick" relict
sandur (17) has remained largely unmodified since its deposition, little
remains of the lateglacial "Lendal" (15) and "Upper Schei" (16) relict
sandar. The "Lendal" sandur has clearly been eroded by a later advance

i - .
of glacler ice fr%% the east; at one point (18) an end moraine of reworked

outwashgravels has Been deposited on top of the old sandur surface and

a“smali pond marks the site of a kettle-hole at (19). This suggests that
” =L L

a further minor readvance postdated the "Vendom Filord stage", with the
"Schei_Glﬁﬁier? advancing up to onerﬁilometre west ?f its present
position. A number of apparently recent meltwater channels, (20), (21),
(22), probably mark the prosrese}ve retreat of the ice from the "Lendal"

moraine (18) to its present position.
fﬁiorder to relate this later readvance to sea level, and ;hereby

gain some estimate of its age, terraces and relict sandur features asso-

. ) Y
‘ciated with the readvance in the area east of the "Schel Gorge' were

linked with those in the gorge itself, and these in turn were related
to sandur fragments at the head of Vendom Fiord. Associating the re-

advance stage with terrace features east of the "Schei‘Corge" was facili-

-~
¢

tated by the presence of faint strandlines on the side of the 'Lendal"
" - P
moraine (18) and on the surrounding terrace scarp. These reflect the

past presence of a small lake, dammed against tha ice and emptying on- -

to a younger relict sandur formed by the "Upper Schei River". Surveyed °

r



=

Figure 3.6 : The "Endrick" relict sandur, formed
during the main Innuitian ratreat phase. Active
"Upper Schei" sandur in foreground.
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heights on the strandlines cbrrgapoﬁded approximately with the elevation
of this sandur surface at the lake out{et (figure 3.7). It was assumed,
therefore, that the lake emptied over the sandur surface and that the
ice-dammed lake and this surface were cbutemporary‘features, both daEing_
from c£a period immedi#tely following the readvance maximum.

To enable fhia sandur surface to ba'related to those on the otﬁer
side of tha "Schai Gorge" the margins of sandur ftagments above and below
the gorge and -the terrace fragments in the gorge ware levelled (figure
3.8), as was the long profile of the lowest 8 km of the "Schei River"
(figure 3.9). The f;agment elavations were then plotted in the appro=
priate positiona above the long profiie (figures 3.10 and 3.11). 1In .
this way the second readvance was related to gha lowvest relict é%gdur
surface, designated "TII", at the head of Vendom Fiord. The accurnéy_
of this correlation is confirmed by the equally fresh, unvegetated appear-
ence of thae TII surface, the associated sandur surface east of the "Schai
Gorge" and the interlinking terraca fragmenta. Unfortunately, littlo'
remaina cf the T iI surface balow the Schei Gorge. The next highest
terraca (TIII)' however, extends to the confluence of gﬁﬁ "Schei" and
"Sverdrup" Rivers, where it is only 2.3 m above present sea level. The
sacond run&ﬁanch nugt have oeéur£ed whon sea lavel was evon lowar,l
suggesting a posaibla nnqgl;cigl ;30. Such a conclusion remaina tentativae,
ﬁowaver. as sea level changa in the last two millenia has béen vary slow:
a log collected at c.4 m at Makinaon Inlet ylaldsd a 1% date of 2060 &
SQ B.P. (GSC-1836; D.,A. Hodgaon, personal communication; Blake, 1975).

In arriving at the above concluuion. the relationship betwaoen tho

ovidaence for a glncinl roadvnneu has been linked to soa level avidence to

.
T T . - o —————- . ————— - s a
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2

4>T==  Terrace acarp vith strandline —\ Pogtulated lake outlet

.ﬂ"‘f Terrace acarp 799  Spot height (levelled)
' -

" Flgure 3.7: Heighta lovelled on a neoglacial (?) atrandline and a poatulated
lake outlet on to the "Upper ScheiM relict sandur (Tyq) surface.
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to provide an age estimate for the former. In the eastern Canadian
Arctic, where lateglacial landforms are gené}ally well‘presérved, con-
siderable potential exiats for the employment of this technique to link
glacial stages, sea levels and available dates in a more unified glacial
history than ig provided by the conasideration of uplift and glacial

stages in isolation.

3.4 THE POSTGLACIAL EVOLUTION OF THE "SCHEI RIVER" SYSTEM

3.4.1 Tha drainage network at theﬂ?ime of daglaciation

In the interpretation of lateglacial hisgtory given above, lata-
glacial, postglacial and neoglacial landforma were distinguished. 1In
the present secction, this information will be used in a reconstruction
'of part of the "Schel River" drainage network at the time of dogl;cintion,
ci?cn 7,000 B.P. The postglacial evolution of the drainage eyateﬁ can
then be evaluated by comparing the modern drainage pattern with that
which oxisted in the period following deglaciation.

It has been argued above that, sometime between 8,200 and 7,000
B.P,, the retroating Innu;tinn ice-sheet readvanced to a limit bounded
by the "Sverdrup" moraine (7) and the edge of the kottled asandur at (8)
(figure 3.5). Sea lavel during the ensuing ratreat phase dropped from
c.65 m to ¢.58 m (figure 3.3). The postglacial "Schei River" was |
initialiy graded to this sea level, Balow the "Schei Gorge" a wide sandur
was deposited (location A on figure 3.12a), now rnproannéed by.;he TIk

terrace at the head of Vendom Fiord. Tha highest terraces in the gRorgo

represent the fragmenta of a dalsandur or valley train (B), doposited
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by the retreating ice, but narrowing to a single channel (C) at‘a'bedrock
constriction. Beyond tﬁa head of the gorge existed th?ee large sandar,
each corresponding to one of the presadé tributaries of the "Schei River":
"Lendal Creek" (D), the "Upper Schei River" (E) and "“Endrick Creek" (F),
all fed by glacier ice retreating to the higher parts of the basin.

The apex of the sandur at (E) was at a height of 102 m flush .
with the floor of the_aurrounding valley and indiceting that no gorgaj
then existed beyond this point. This is confirmed by the evidence of a
number of tributary valleys (G), (H), (I) which were apparently the aiées
of ldcaglacinl meltwater channels, and which were graded to the top of
the present "Upper Schei Gorge", as evidenced by small alluvial fans
porched above the gorge at tha lower eig of each tributary. The apex
of the sandur at (D) was a now nbandoned‘maltwater channel (J) cut desp
in bedrock (figure 3.13) and draining a amall upper aandur (K). The
nature of the dr#innge system batween sandur (D) and the proégnt glqciar
margin is unknown, as this area was glacierized during the later neo-

glacial readvance.

3.4.2 Postglacial changes in the river aystam

From a comparison of tho drainage notwork at the time of do-
glaciation with that of the present day (figure 3.12) it is avident that
the major postglacial change haa involved downcutting consequent on the
loweoring of sea lovel. At locations (a) and (b) on figure 3.12b the
prasent river had downcut up to 35 m into the gravols of tho poat-

glacial sandar, intermediata atages boing‘roprancntcd by the prasonce

of up to soven terraces botween tha postglacial aurfaco and that of the

voEE e Lt e

"



Figure 3.13 : Abandoned lateglacial meltwater
channel cut through rock in the "Lendal Basin",

Figura 3.14 t Tha "Upper Schei' gorge, cut through
compatent sandatonos and siltetonaes in the 7,000
yoars aincae deglaciation.
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praaént day (ﬁigurea 3.3 and 3.11). The three sandar east of the “Schei
Gorge" (c), (d) and (e) hﬁve alsc been disaacted, although downcutting
does not axéeed 9 m in this area. This auggasﬁd that the rock constric-
tion at (f) has acted as a local base level. From the long profile
(figure 339) it is evident that a slower rate of downcutting at this
constriction has inhibited the formation of a smooth parabolic profile
‘"graded" to present sea level. Nonaetheless, postglacial incision of up
to 9 m has taken place nt'thia congtriction and at (g), a further rock
shelf encountered by the river as it downcut. More impresaive is the

postglacial downcutting accomplished (figure 3. 14) at the "Upper Schet

e — .. L

Gorge" (h). Abova the apex of sandur (E) the river has downcut 12 m
through the compatent sandstones and siltatones of the Vendom Fiord

Formation, from 102 m to 90 m, ~Furthor east, tho distance from the top ‘

of the porched fans at (G), (H) and (I) to tha base of the gorge nxgpnda
30 m; Some of this downcﬁtting hag baen throd@h weak Eurcka Sound strata,
but further dpwnatfeaﬁ Vendom Flord Formation rocks- have boen incised to
‘o similar dogﬁh. Tha differonce botweon tha amount of downcutting in

the "Uppor Schel Gorge" and that at (f) and (8) probably roflects rolative
hardnoau of the Read Bay and Allen Bny rocks at the latter sitos.

In the area drained by "Lendal Crook" (1) a subatantial re-align-

ment of the lntoglncinl drninngo pnttorn has occurred. This is lurgoly
attributable to the intarvention of the naoglacial rnudvancn. The noo-

31acin1 moraine soparatas tha ro-glaciatoed part of this basin form tha

- . e am et
Sl AR |

“unaffacted part, indicating that tha roadvance caused an abandonmont of
the major maltwater channel at (J) and tho northward roalignmont of

drainago into "North Londal Creck" (3. At its downstream ond thia now

e et e ac D -



. 66

atream has cut 5 m'into the lateglacinl sandur surfacei(e) but further

upstream it still flows on top of lateglacial outwash deposita, indicating

that the 300(?) years since tha neoglacial readvance have beeén inéufficient K

for thid stream to downcut to the level of adjacent tributary (k).

3.4.3 Concluaions

Three general conclusions emerge froﬁ tha comparison of the late-
glacial drainage pattern of ¢.7,000 IQC yenraaB.P. with that of the
prasaent day. ~
\1; Tho-&odnrn drainage network rofledts strongly the pattern

of meltwatar drninaga as tho ice-sheet ratreated.

2. Substantial incisipn, resulting from a progressive poet=
glacial drop in sea lo;:i; has occurred. This down-
'cutting has resulted not only in tﬁo terracing of
ecarlier outwash deposits but in the cutting of vertical
gorges. The maximum incision into badrock in the study
aroa oxceeded 30 m, "Lithology appoars to have aignifi-
cant control oﬁ the amount of‘downcutting.

3. Tho intervention of a glacial roadvance diaruptad tho
dqvclop?ont of the presont drainaga network froﬁ that
oxiutiﬁ; at the time of glaciation, with ;hn formation
of new channels and the abandonmont of old. ’

Tha evidonce for postglacial badrock iﬁcision and gorge formation

prosented abovae vindicatos the views of Cook (1967) and McCann and.

Cogloy (1974) rogarding tha poatglacial origin of nthop-widod ravinas on

Devon and Cornwﬁllin Iulnndh. fho avidence for bodrock inciasion in the
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7,000'y6nra since duglaciation also provides evidence of the offectiva-
negs of fluvial erceion as a geomorphic'aégpt nE'high 1atitudua, nlfﬁbughl
it is apparent thaE the ;roeiva energy of tﬁﬁ “Schel River" ‘and its
tributarios since deglaciation owas ﬁuch_ﬁo t%g postglacial drop in sea
leval, As the rate of uplift slova (Aqdruﬁa. £§]0; Biaku, 1975) so the
lmportance of arctic rivers ae agents of ﬁroaioﬁ, at lnnsﬁ in the vortical

direction, is likely to decreasa.

R S
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CHAPTER & ;

HYDROLGGY OF THE "SCHEI RIVER"

i

)

o

4,1 INTRODUCTION ~ 1

The gecmorphic cfficiancy of fluvial processes in tha High Arctic

1n closely related to the nature ot the arctic hydrologic rogime. Earlf

\
authora invoked .the aridity of. high latitudes and the brevity of the \

i
runoff season to diminute the gecmorphic rolo of arctic streams, but \

|

more recont‘york has shown that these viewa are misguided. The atorage
of nine montha' precipitation as snow or ice during the winter, and its
rolease over a few dayi during tha apring snowmelt froahot Riveos rise to

high and geomorphically effective river ‘discharges. Flooda also raault
I

from eunmar rainfall, as runoff over glacinr ice and barr&n pnrmafront

terrain 1a rapid. Some glacierized bpainn may also experience tlooda ’

resulting from the drainage of an ice-dammed lake, h
& .

Soma aﬁtempt haa beon made to charactarise tho main olements of
high ar%cic nival und alacial reg}moa (Church. 1974) but a compariaon

LN o of the nival and glacial‘componontl of utreamflow vithin a single alncin-

y,

rized catchment has not yat baen published, Such a comparison comprilnl

&gghﬁchei Rivnr“ for 1974 1s dolcribod and compared brfefly with, that fd?

] » 1
1973.~ The rosimea of the thraee main tributariol of the "Schei River"
N
are :han delcribed and analysed ln torma oerolponla to mateorologic
LS

inpute and the water-balance of yho basin. Thase 1nvoltiaationn allow
& | ' Yo a

. , ' B ' ‘X

- _ , _ .« 68 : '

the prinei}al aﬁlqot the prelonc chnptnr. The glacionival rogimo ot tho '
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*7- basin area i alightly greatar, An area o£/32 4 kmz or 33.5% o! the &

Agnused basin is cavorod_by the "Schel Glacter", the main foaturulot which

aeveral generalilafionn to be made\hbou: the hydrologic behaviour of the
glacial and nival components of runoff. Some of the geomorphic impli-
cations of the difforences between the two types become ‘apparent in the

enguing (chapter 5) discusaion of suspanded and dissolved load.

4.2 BASIN c'wc*rxn_:sﬁcs B N | )
The tatchment areas of the "Schei River" and ita tributarias

vere dncurmgned b;emapping wa:urlhndn from & q mosaic of 1:60,000 vertical

uerial photoarnphu and measuring the eneloiﬁ& arca by planimeter. Tha

91.2 km? fisuru obtainod in this way for the "Schei River" baain Topre=

aanta the eatchmont area above the natn gnuséng point (figure @KtTT”EBtnl

have been described in chapter 2. The geologie nnd ccrrain chnrnctor§|t1c1
of the buain have also baen descrided in chapter 2.

To parmit the -identification and comparison ot'thq nival and |
slﬁ;ial components of runoff, ‘the "Schei River" baain was divided into
three sub=dasins, drained by "Lendal C¥||k" "Endrick Creck" and the
—_"Uppar Schei River" (tijura 4.1), Gausina ltltiona wore catablished

near the mouths of the sub-basins (!iaure 4, 2). Tha main

,charneterilticn of esach lub-banin are listed in table 4.1. -

In a high arctic basin where runoff 1- nourished prigjﬁpally by
e o
the melt of ice, snow and permafrost, altituda ia an important factor in T
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deternining the time and duration of the spring freshat and the length
of the runcff season for differant partas of the banin; For example, the
study of E.R.T.S. {magery for the Vendom Fiord area for the summer of
1974 showed progressive upglacior migration of the snowline as the runoff
soason progressed. To enable the effacts of altitude to be assessed for
each of the three tributary bnninl.hypnomu:ric‘curwol vere constructed
(figu;e 4.3). These were based on the_gontourt'of the 1:250.000 topo=-
graphic map, and must be.rogarvded as approximate, The moat outntnnding‘
foature of theme hypsomotric curves ia the presence E! a "plateau" at an

elevation 330 m to 450 m. This correaponda to the Tertiary (?) remnant

surface discussed in chaptef 2.

4.3 MEASUREMENT TECHNIQUES

Dﬁring the 1974 runo!f-unnlon, tha diacharg? of the "Schet R
River" was measured at a gauging site situated at the apex of the 16w¥r ‘
of the river's two sandur reaches at an altitude of 32 m above soa level.
A continuous stage rocord was measured uaing an Ott water-level recorder
(Iigurc 4.4) which wan:bpurntionhl over th; entire flow acason except for
the phriod July 12-17, whaen readinge vore bbtnined manually, Tho dia=
charge of each of the main tributary streams wae meansured at gauging
sites established on "Lendal Crdek" at 78 m, on "Endrick Créok“ at 80 m,
and on the "Upper Schei River" at 92 m (figures 3.9 and 4.2). Stevaens
type F racordere were maintained on the "Upper Sého{ River" (firat \\\\\
two weoka of scason and_onﬁ“honda ‘Croek“ (last eix weeks of weasony

figure 4.3), and a Lequi;:gzz;éna\iypo B recordar was operated at the

"Upper Schei River" gauging site trom Auguist 3 until momsurcments were

I3
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Figure 4.4 1 Ott water-lavel racorder at the main
- "Schei River" gauging eite.

~—

A%

Figure 4.5 1 Stevens' type F water-lovoi recorder
at the "Lendal Creek" gauging sita. -
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tormiﬁuted on August 18. These rocorder measurcments were supplementod
by numerous manual readings with reference to fixed pointa. Tho "Endrick
Craek" racord was obtained untifaly in this way, with an average of more
than three measurements per gé hour period,

The ﬁtngn Tecorda 56; all gauging atations were tranalated into
discharge hydrographs by ;ktabliahing stage-discharge rating curvoa from
which rntiﬁg-equationu (table 4.2) were calculated. Thﬁlrnting curves
ar& proaented in appendix 1, along with a discusaion of the discharge
measurement techniques employed. |

Matooroleoglc data for the 1974 runcff smoason wore meaaurad at -

the Vandom Fiord base camp {figure 2.1) and at tho “Schei River" fly

camp (figure 4.2), Precipitation measurements wero made with tipping

‘bucket raingauges, and Lambrecht thermohygrographa calibrated by daily

thormometer readinge waera used to moasure temparaturoa, Net radiation .
wns raecorded on a Casolla bimetallic actinograph, calidbrated by indepondent

solarimater readings. The moteorologic record for the pariod June. 2l to

:Ausuut‘19 is ohown on figura 4.6,

4.4 THE "SCHEI RIVER" HYDROGRAPH | v

atreama with a high arctic nival rogimo 18 now well documented (Cogley,

The chnruc::?iqpie soasonal discharge pn:turd'oxhibifad by

1971, 1973 4in preparation, McCann and Cogley, 1972, 1974; McCann, Howarth

and Coglay, 1972; Walker, Lewim and Lnk§.71973} Ambler, 1974; Church 1974).

~

Flow normally begine in the second half of June or early July aa ambient

air temperatures excoad 0°C ‘and unowmelt commences. Given cleaw akiea.

:
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TABLE 4.2 T

RATING EQUATIONS FOR SCHEL RIVER AND TRIBUTARIES

River Yoar Rating Equation N T rz

Schei River 1973 Q= 9.383y2° %87 ¢ 0,987 0.974

Schai Rivaer 1974 Q = 14,306y+%19 9 0,952 0.906

Uppor Schei 1974 Q = 5.940y1 957 ¢ 0.985 0.960
River -

Lendal 1974 Q= 37.730y%992 34 0.972 0.945
Croock

Endrick 1974 ~ Q= 4,818y%+963 10 0,956 0.914
Crook

Notas: Q ia. diecharge in m° q-l.

y is otage in m.
N represonte numbor of pointe in rating curve.

r ia tha correlation coefficient of tha regraasion,
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: .. ‘ e Y

PR,

e e ——

T e -




79

'\

and sunny conditiona. diurnnl discharge maxima climb ateadily to & ponk. '

thereaftor oxhibiting a rather sharper declina as snowpack attenuation
bringe about a decrease in tho supply of maltwater to the atrunm system,
Unlona intorruptud by significant procipitation ovonts, a pattorn of low
flow will provnil over the remaindar of the ¥unoff soason, which lastn
until temperaturea dtop balow 0°C in laﬁe August ot Septaembar, of until
percolation rate oxcoada rate of water aupply and aurface runoff ceases
(Coglay, 1971). Throughoﬁt the runof{ secason pronouncad diurnal dig=
charge fluctuationa nr§ evident, tha result of fluctuations in nompora-}
tura and rndintivo'inpu:a atfaeéing_nnowmolt rate, .

The runoff &::uon of high aretic glacial atrogmu nlgo oktehdn'
from Juna to Seoptembdx, but high diechargee may be mdﬁtninnd almost to °
the ond bf tha ecason as the aupply of glacial meltwater ia aeffactively
unlimit;d. The poriod of peak diascharge necd not necessarily coincide
with the snowmelt freshet, but appears to corrgﬁpond with the period of
‘higheat mean daily temperaturee. This may occcur as late ap énrly August
- {Anonymoua, 1967; Chufch, 1974) . ‘Diurnal discharge fluctuations are also
characteriatic of glacial atraame. _

The "S8chai River" hydrograph for tha 1974 runoff_ueuiah (fiéhra

4.7) displays featuras typical of both nival and glacial repimes, justi-

fying tha designation of the "Schei River" rogime as "glacioniﬁnl". Flow

began on June 22 (figure A.B)’nnd daily'maxima diupiayed an irroauinr
increase until the anowmelt freshet commenced on July 3. DPeak diuchurge
oedurred‘on July 12, after which diurnal maxima declined rapidly in the
manner typical of a nival aﬁrcnm. After soveral daya of low flow (July

‘16-26).:howuver. thare was a renvwed pariod of“high'disoharge. with

e mae f eemm e e
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'!‘igure 4.8 1 "Schet River" &n the "Sohed Gorgé"
~on the. first day of flow, Juna 22, 1974,
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: extremely pronounced diurnel diecharge fluctuecions (figuree 4 9 and ‘4, 10)

After Auguat 5 discharge exhibited an irreguler decline, with incerrupcidno'

-_ in the diurnal cycle caused by the peheage of cyclonic etorms Time of

L
/ freezebeck is. not known but examinecfon of E, R T, S. satellite 1megery

-

ehowed thiat snowcover extended to sea level by midFSgpcember, suggebting;f

."‘ |

that freezeback had occurred by that dnce.-;* . - ' ) - .

a

Although comparison of the "Schei River" oiecherge record 71th b

- the meteocrologic records for the Tunoff season (figure 4, 11) reveals no

"

broad correlation between radiation, tempere;ure and discharge, some .

interesting details emerge. Borh the period of the snowmelt freehet

L

(July 3-~July 16) and the second major period of;high runoff (iui§'27—
August 4) coincide with generelfy ﬁigﬁ temperaturee. Two or three days

of 1ower :emperatures occur within these periods; theoe are reflected by
’ '

drops in diurnal diecharge maxima, The period of low flow in the middle ¢

o

of the season (July 16-26) appears to have been initiated by the return - .,

of near-freezing temperetures‘(July 16~19) and eusé%ined by'e further

periocd of temperatures under §°C (3u1; 24-26) ,

“ On the seasonal ocale', the hyorographggeuerzuy mi‘rror.e the '
.tempereture.recora'more closely than tbe“het‘radiation record. At tHe . ) i
diérnal level, however, there was a atrongerhreiatioﬁehip betﬁeen dis-
charge and radietion then between diecharge end temperature gonfirming
the findings of eerlier investigators (Adame, 1966; Cogley, 1971 Cogley

and McCann, 1971; McCann and Cogley, 1972). This topic 1s\diecuesed
more ﬁplly in section 4.6, along with that of response to rainfall, e \

The 1974 seasonal discharge pattern for the "Schei River" differs

markedly from that measured for 1973 (McCann et al., 1974; figure 4.12).




Eigure 4.9 ; "Upper Schei River" at "Upper .

8chei Sandur", J?;ly 29, 0900 h.
: "l _2. 0'\ m 8-' ‘

Figure 4.10 : "Upper Schei River'"
Schei Sandur", "July 29, 1800 h.
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The main characteristics of the two runcff seasons are shown in table 4.3.

- The most striking difference between the h&drogrnphs for 1973 and 1974

concerns the lack of glacial regime characteéistics in £he former. . Ko,
meteorologic data accompanied the hydrograph in Hccénn et al, (1974), but
it appears that fhia qifference is att;ibutable to the occurrence of
persistnntlf cool, overcast weather during July and August, 1973 (J.G.
Cogléy, personal dcmmunication). Ag a result, ralétively little glacier

melt occurred, and the seasonal hydregraph assumed a typically nival

-~

pattern, The extremely high discharge of June 22, 1973 resulted from an

exceptional rainscorm during which nearly 50 rm of rain fell 4n 24 hours
(McCann et al,, 1974 Cogley and McCann, 1975) | .

Using the flaw-f:jgggncy curve of figure 4.13, the total discharge
of the "Schei ﬁiver" for the period June 22-August 18 1974 was calculated

as 19,2 x 106m3; or 210 mm distributed over tﬁe entire basin, J.G,. Cogley

(personal communication) arrived at a total discharge éigure of 16,9 x
106m3 for the period June 23-August 20 1973 (185 mm distributed over the
basin) but the darivation of the latter figure involved a number of
1arge assumptions, and compariaon of the hydrographs (figure 4.12) .*:ﬁﬁ}
‘suggests that it 1s an overestimate.

" In summary, comparison of discharge data for 1973 and 1974
indicates that weather patterns exert a considerable influence on the
seasonal form of the "Schei River" hydrograph, but no simple relationship
is apparent between neé radiation, temperature and discharge. The hy-
drologic analysis of the ghree tributary basins reported in the following
‘two sections further explores the influence of meteorologic variables on

‘digcharge, in particular their effect on runoff from the glacierized

-




of runoff
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Figure 4,13: Flow frequency curve for the
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"Schel River', 1974,
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TABLE 4.3

87

"SCHéI RIVER' : HAfN CHARACTERISTiCS OF RUMOFF IN 1973 and 1974

First day of flow
Last day of flow

Main periods of f{low

Day of maximum discharge

Maximum recorded discharge
(wd 71y -

Maximum recorded discharge
(md 81 km~2)

Total discharge
(108 x m3)

Total diacharge
(104 x m3 km=2)

1973

before June 22
unknown
before June 30;

July 22 - 24

Jul? 22 (rainhtorm)

2 50 (rainstorm)

0,549 {rainstorm)
16.9%
{June 23 ~ Aug. 20)

17.434
(June 23 ~ Aug. 20)

1. J.G. Cogley, personal communication.

“(June 22 - Aug. 18)

1974

Junie 22

 “unknown

July 3 -16
July 26 -~ Auguat §

‘August 9 ~ 11

July 12 (jokulhlaup)

7 24 (jokulhlaup)

0.260. (jokulhlaup)

19.2 :
21,051
(June 22 - Aug. 18)

—

g i 3mt < m
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portions of the basin,

4,5 THE IRIBUTARY'#YDROGRAPHS

The fluctuationa of diascharge recorded on the "Schei River" hy-
drogr;\h ren;escnt the output from an extremely complex hydrometeorologic
system. Compariaon of the hydrograph with the meteorologic record pcr-
mitted only very limited analysis of this system. 1In order to investi-

géte the regime of the "Schei River" in greater detatl, its basin was

subdivided into three major units (figures 4.1 and 4,2; table 4.1). The £

L

cafhydrographa of the streama draining these three tributary basins are shown

N\

on figure 4.14, -and the main characteristics of the 1974 flow ‘regimes are
. \

" gurmarised in table 4.4, ‘ o \

F}ow was first observed oﬁ all three triﬁutariea on June\22, the
first day of fiow of the "Schei Bivefhgitsalf. The two .glacier-fed
tributary streams, the "Upper Schel River'" and"Lendal Creek", maintained
"ﬁigh levels of discharge up to and beyoﬁd be end of observations on )
August.iB. By August 17, howe;er, the waters of "Endrick Creek' were: )
no longer reaching the '"Schei River" by the surface flow,  Although run-
off was obaerved on the higher reaches of "Endrick Creek" on that date,
this water was percolating into the gravels that form the bed of the
downstream end of the river. A aimilar phenamenon has been documented
_for a gmnll.pival stream on Devon Island by Cogley (1971). . The virtual
cesgation of flow from the unglacierized "Endrick Bagin' results from-

the depletion of meltwater sources (snow, éround ice and’ permafrost)

before the onseé\:f the'freezeback period The glaciernfed streams, however,

,——/

R

continued to receive a subastantial input from the melting of glacier ice

et e W
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TABLE 4,4

SCHEL RIVER TRIBUTARIES:

MAIN CHARACTERISTICS OF 1974 RUNOFFP SEASON

First day of flow
- Last day of flow

; Main pericds of
e - flow .

.

Day of maximum
" discharge

)

Maximdm diachagge
(m3 671 km~ )

.; | -

““fiotal discharge,
22 June-1B8Aug,
(106 x m3)

Total discharge,

22 June-l18 Aug.
(104 x m3 km™?)

Maximgm d{scharge
s~ C

Upper Schei River Lendal Creek Endrick Creek
22 June 22 June . 22 June
unknown unknown 17 Aug.

30 June-17 July; 5-16 July; © 2-17 July

26 July-7 Aug; 28 July-4 Aug; -’

9~13 Aug.. 10~-12 Aug. : ‘

13 July . 12 July 6 July
16,0+ 5.6 3.2
0.325 . 0,596 0.107
24,552 48,600 9.860

T e e e etk Aty —————— 4+
. .
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until the return of sub-zero temperatures.
S The highest recorded diacharge for each tfibﬁtary occcurrad

during the a;owmalt_froshet;'which_extcnded from June 30 to July 16. -

"Endrick Creek" achieved a maximum discharge in oxcess of 3.2 m3s~! on

Juiy 6 tfigurc 4,15), and "Lendal Creek” reached a maximum ;f_5.6 m3g-1

on July }2. The July 12-13 maximum of the "Upper Scﬁci:River" rcflcccé

an exceptional flood event of a type discussed below, as dﬁes the high

discharge recorded on July 7-8. lTha highest recorded 'normal” discharge !

of the "Upppr Schei Rivc;" (10.5 msﬁ-lj did not oceur until Auguét 4;

but it igulikély that discharge .on iuly 12 would have been ﬁighef, evcﬁ*

had runoff not been nffe;ted by exceptional circumstances.

The acasonallhydrogrnph ph;té:n of the "Schei River" 1is strongly
reflected by the major tributary, thg "Upper Schel ﬁivgfﬂj;nndj:o a lesser
- extent by the g}ﬁq;er-nourished "Lendal Creék“ (figuré 4,16), -All three
hydrographse diéE%ﬁ&ha.gradual buildup to tha'snowmelt maximum of July 12,l
a pariod of relatively low dischaﬂge batﬁeen-July 17 and July 25, then a
- ﬁteady increase in daily maxima up to a second peak on August 3-4, This
waa followed by fopr.déys of daclining'flow, then three days of hight
discharge, Ahgupt 9-1i. A further five days of iow-flow preceded the

modérntely high discharges recorded on the last two days of measurement,

' Augusf 17 and .18,

\

. - e ]
Creek" displayed a gradual rise to a snowmelt maximum, in this casg on p g
P d

/

July 6, and an gbrupt drop in discharge after July. Unlike that Efihg_hJ/

Like that of the glacier-fed tributaries, the discharge of "Endric

other tributaries, however, "Endrick" discharge exhibited no response to

the high temperatures of late July or early August, but remained generally.



o’

Figure 4.15 3 "Endrick Creak’ nanr‘:‘, the poak
o_f the snowmelt flood pericd.

Q = 03.0m3 :
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" belew 0.5 m3s’1. This difference is attributable to the virtual diga-

s

ppearance of snow in the "Endrick" basinlby'JUIQ 16. After that date

flow was sustained by pfecipitationfand the melting of ground ice,

neither capable of sustaining discharges 1in excegs of 1.5 m3s~1l, The
"Endrick Creek" hydrograph for 1974 is characteristic of a small, high-
arctie, unglacierized catchment (Cogley, 1971; MeCann and Cogley, 1972
1974; McCann, Howarth and’Cogl s 1972; Walker, Lewis and Lake, 1973;
Ambler, 1974; v1e1r£'—R13'ei~ro, 1975).

The conétructicn of flow-frequency curvés (figure 4, 17) for the .
/
, e
three trihgfaries highlights the importance of glacial meltwater as a

streamflow/input. Other factors being equal, the positive skevness of

:Ziiﬂ7 requency curves is a function of basin size, with the smallest

asin in an area exhibiting the greatest positive skevmess. In figure

\
4,17, the "Endrick" curve, refleqting the discharge from a 29, 9 km2 basin,

i3 more skew chan that of the "Lendal" which drains a basin only 9.4 km?

in area. Ihis implies that the supply of water per unit area from the

"Lendal” basin is at least three times hiéher than input per unit area

from the "Endrick" basin. The difference can be ascribed to the.fact

that the "Lendal” basin is 62.8% glacierized, although differences in

hypscgfaphy (figure 4.3) may also behinfluencial.

1
4.6 RESPONSE TO METEOROLOGIC INPUTS

Diurnal discharge fluctuations are characteriqcic of glacial
streams (Adams 19667 Anonymous, 1967) and all but the largest nival
streams (McCann ana Cogley, 1972 1873; Church 1974). Such diurnal

fluctuations have. been considered a response to variaticns in radiative
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\/)}nput rather éhan temperature (Adams, 1966; Cogley and Mcéann,'1971).
"~ The diur;al cycle of discharge of the."Schei River" and its tributaries e
is‘clearly eihiﬁi;ed'by all tﬁe hydrographs Tfigu%e 4.16 and 4.18). . . -
Although there-is'obvious temporal correspondence between the fluctuations
'of radiafion and témperature and the respondent changes in discﬁarge,
(figure 4.11 and 4.19), little correlation is apparent in the values of
these three variablés, even in'the ca;e of the glacial riverslwhere water
supply is effectively unlimited. The hydrographs for the "Upper Schedi
River" and "Lendal Cregk"‘dispiay'two marked periocds of high diécharge,
whereas the temperature graph shows a surprisingly regular cycle roughly

ten days from peak to peak and the net radiation data obtained at base
caﬁp displays'a declini;g trend throughout the season. The lack of
correspondence in'the?E patterns suggests that factors other than tempe-—
rature and ;adiationginputs are important in determining short term
variations in dischérge, factors such as precipitation, antecedent meteo-
rol&%ical conditions, snow and ice condi;ionshg%gggemporary retardation
of runoff bf damming. Some of these factors are digcussed in detail
below, although precise evaluation of their relative importance is comn-

.

strained by the data available. In particular, the following considerations

hamper assessment of the factors affecting runoff amount.

1. Hydrograph data obtained by'ifregular stage readings are
obviously incompleté, although the closeness of the total
seasonal runoff fig;rg calculated from the "Schei River"
‘hydrograph (19.2 x 106m3) to that obtained by summing the

seasonal runoff .from the tributary basins and adding a N

representative factor for the "Lower Schei Basin" (19.8
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x 108 n3) 1s encouraging.

2. The net radiation data were measured over a level hummock
surface at an altitude of 10 m. This location is only
partly representative of the "Schg; River" catchment.

3. The most representative temperature record was obtained at
thgjfly camp site, 1 km from the glacier at an altitude
of;TB m, a location unlikely t; reflect conditions in

;éhe upper reaches of the basin.
2
A.f'The precipitation records are probably underestimateg due
; .

¢
¢

¢ to the relatively low elevation of the gauges (10‘and 92 m)

/
H

; and the tendency of the tipping-bucket apparatus to under-

; -

ﬁ measure precipitation, particularly when rainfall is
J
/f © accompanied by high winds,
ff 5. No information was.gatﬁered on snow and ice conditions.
’ ) .
ff Tb analyse the time (T) response of discharge to radiative and

temperature inputs, the lags of peak river discharge (§ max) behind

peak diurnal radiation (Rn maxr) and maximum daily temperature (7 maz) ~'ﬁ,j: f

were tabulated (table 4.5). Discharge data for dates when anomalous flow
events obscured the diurnal maximum ar¢ excluded, and the dates on which
precipitation possibly affected the cimﬁ of peak discharge T(@ mazx) are

indicated.

’ These tables indicate that T(T max) was relatively unimportant in
determining time of maximum discharge as 1(@ maxr -~ T max) was often
negative, implying the occurrence of peak diascharge before the maximum

diurn®]l temperature was recorded. It was found that the mean discharge

lag behind radiation T(Q maxr - R, rax) for the "Schei River" was 5.15 h
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Ao = 2.25 h), for the "Upper Schei_River".A;ZS h fo = 2.6 h}), and for
"Lendéi:%reeﬁh alsa 4,25 h (0 = 2,3 h). Too few value§ were obtained
for "Endrick Creek" to warrant an equivalent calculation.‘ These figures
suggest that the lag of ¢ maz behind R maxr is similar for "Lendal Creek"

and the "Upper\§chei River", and that average travel time from the

—

"Lendal" and "Upper Schei" gauging stations to the main “Schei River"
atation is 55 minutes. The high standard deviations (o) indicate,
howevef, that varlabilicy from the mean condition is considerable.

The difference in response lag between two gauging sites is an
inverse nonlinear function of water velocity and hence discharge; This
was confirmed by timingjfhe passage»éf'dye released at the "Upper Schei
River" gauging ;tation. The peak of a wa@e of one litre of Rhodamine
dye released at 1150 h on July 31 paésed the "Schei River" gauging site at
1310 h, a travel time of B0 minutes between the two points when the initial
"Upper Schei" discharge was 0.6 o3 s-l. The peak of a wave of dye
injected when discharge of the "Upper Schei River" was 4.0 m3 s—l at
1800 h on August 1 took only 33 minutes to reach the "Schei River'" gauging
site.

The identical mean lag of @ max behind R, max for the "Upper Schel
River"” and "Lendal Creek' is somewhat puzzling, in view'of the much smaller
size of "Lendal Creek'" basin. The difference may reflect higher velocities
of flow in the "Upper Schei River'" system. '

It 1is apparent from taeble 4.5 that the lag of peak discharge behind

maximum net radiation varied widely, even on days when the.influegse of pre-

cipitation was sbsent. The times of maximum discharge on such days (Tt max) are

~

plotted on figures 4.20 and 4.21. For the "Schel River', regression of the

e bt R = v m e

"%

S VINIYYUNIFSRUEEES! TRV W S IVIESUSRIETSRL S IS @l :



3
'2¢ 3NNM Y314V SAYd
M.m-n .¢-ﬂ— _—m 1 -0-.@. .m._v -NW. _m-ﬂ. .m-m_ _M-n. —O.ﬂ. _M.W m\\_wv_N_ ..MW | .m__ 1 wm.— 1 N.— 1 .@..\w.\._ @.n _ﬂ.“ 1 _Om_
° . .

. 9|
_ o |21 =
™ L =
® bt -m__.u._
° ™ ° o ¢ o
* " n

o* * . ° 6l
® . [w]
r02R
125
C
A
— ..N.NS

. | ' .
*Hl6T .:.sim Toyog,, oy3 uo 33aeyosTp ¥esd [RUINTP JO SWL] * €2
'Y -b2

R

e

202y 8.3 T

Rt}



| b R S P A ?@iJ
-é2  3Nnr H 3Ldv SAva ,
FA 12" IS 524 153 et 6¢ o¢ €e __ 0g i +ve 12 8i Gl el 6 9 . € 0
o1 1 1 .1 .r 3 31 Y ' L oy % ¢ kb 3 4 0 3 {1 1 1 1 ,,_ 1 I 1 3 1 ¢ r 3 1 1 ~,_ R N T B B B U N N R S N T | O_ :
n ® j
o :
- :
. .® : . ad
]
®
® * . : ¢ e °
° ° e, I ° - g1
hd ! =,
| z
- _ o L2z ™
- m !
‘d
. (=)
R . . w
2G v IS gt Gt Fa4 6% ae ee 0g e 2 e gl Gl cl 6 9 € 0
.I._h______..___‘___.‘..“...._._...__.r__....___H_._.__.__..c_
[ ]
o .
XI
L . ® ‘ * "l S
2
[ ] ’ hd ¢ m
L I ] ¢ .
d ° . Kl
. . [ ]
c*Hd6L ‘uAS9XD TRPUST, Pu® . -
K v (V) odI9ATYH ¥eYog \.Hm.x.Em: ay3 ue sFaayoeIp Nwed TRUINIP JO SWTT
‘e

2%y eandTy

:




i
values of T(Q, max - R, max) against time £ (days after June 22) yielded:

a negative exponential relationship

1(Qy mz - Ry, maz)i= 10.12t70 26

- . "] pa=-p.288
. o | (4.1)

significant, however, only at the 70% level and therefore probably not
meaningful, _A 98% significance.is achieved by regrégsing T @, max againgt

£, glving

T Qg max = 23.99 ¢~0.088

i
r = -0,521
' (4.2)
With the "Uppetr Scheil River" figures, regression of t(Qa max - R, max)

against ¢ produces no significant relationship, although

T Q, max = 20,37 ¢~0-065

P =..0,371
(4.3)

is sighificant at the 80% level, Insufficient data are available on the
discharge 6f the "Lendal" and "Endrick" to allow the same analysis to be
carried out for these rivers.

An increasingly early diurnal peak discharge has been observed
inh several gtudies of glacial runofE (e.g. Wendler{ Trabant and Bénson,
1973), and has been attrihpted to the increasi;g efficiency of the

glacier chamnnel network as the ablation season progresses. The simple

[
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. negative exponential relationship found in the present instance may

- however obscure a slightly more complex pattern: it seems possible from

figures 4h20 and 4.21 that the mean response time of the glacial streams

follows a steeper exponenﬁial decrease than those obtained by regresaing'“

e A

the entire data seﬁ, then levels off at some constant;mean_lag value. .
Unfortunately the dafa-are-insufficient to allow this to be tesged. If
this were the case,?however, the end of the period of decré§singilag
would appear t; lie (figure 4.20) roughly between the 18th and 27th days
of runoff (July 10:- 19) theréby corresponding with the apparent termina-
tion of the snowmelt freshet, and suggesting that with the digappearance
of snow from the glacier Burface, the mean lag of meltwater discharge
becomes constant. The correapondence may be coincidance,‘however.‘
Although the-precise time of diurnal peal dircharge on "Endrick _
Creek'' was ggly measured on three occasions, data on periods of increasing

and decreasing discharge indicated that the lag of discharge in'iesponge-

to radiative and temperature inputs increased very considerably through-

"out the season, being 18 hours on July 30, but less than 4 hours on July

7. No information is available on the manner\of'increase, however, al-
though in the similar éir;;matances of a nival‘cétchment on Baffin Island,
Vieira-Ribeiro (1975) found a linear increase in lag throughout the runoff
season. This is probably due to the retreat of the snowline, such that
anowmelt input 1is. received from progreseively higher parts of the basin.
IF may also be due in”iesser measure to the generaL}y lower discharge
(hence 1aqer veiocity) of the stream after ;ﬂe end of thg snowmelt freshet,
'Rainfpll in excess of 0.25 mm was recorded at baée camp on 13 days

during the 1974 season (figure 4.6), but the maghitude of individual falls
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was low. The largest precipitation event recorded dt the "Schei" fly

camp occurred on July 17 when 4.58 mm of rain were recorded between 0500 h .

and 2350 h. Although a single raingauge provides an inadequate measure

of precipitation in a basin 91.2 km? in area thé precipitation record

providés an explanation for at least some of the observed fluctuations

-

in river discharge.
The complexity of the meteoroclogilc processes generafing runof £

in the "Schei River" basin hinders the identification of response to

I N

specific precipitation inputs (figures 4.18 and 4.22). For this reason
no attempt was made to gubtract baseflow from.ﬁfecipitation response,

‘and runoff ratios for the'"Sghei River" tributary basins were not cal-

>

;ulated. Some comments on the response to pfegipitatibn of thege'streamé |
may however be made from an examinatioﬁaof figures 4.17 gﬁd 4‘22f_ Tﬁe
influence of precipitation is difficult to discern on the hydrographs

of the glacler-fed rivers, but its effect on‘the ruﬁoff of'"Eﬁdrick.Creeﬁh

- -~ -

after the period of snowmelt flood mipht be expected to be épparent.

Interestingly, this is true of the rainfall of August 10, but not that of .

August 4.'qﬁ:éﬁba stage record was obtained for fEndrick~Creek" on both

o

occasions. These differences“in basin response to rain.may.reSﬁlt from
_the'condition of the active layer at'the timeTof ;ainfgil. The-;aiﬁ on
August 4 may have recharged the moistﬁre conteﬁt of the active léyer, with
minimal immediate contribution to rumoff.: OnaAugugillo, a.much higher

' proportion*ég the rain may have run off rapidly in donseqﬁencg of thé
active layer being near—satﬁrated from the ea;iier fail. Aiternatively,
the rainfall record may not reflect.accqrately‘fhe precipitation over

the "Endrick Creek'" basin during these periods.. A third possibility is

i gpme L e e
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is that some of the rain om August 4 fell as snow on the high ground of
the basin (figure 4.3), melting only gradually.

The precipitation of August 10 and the three tributary hydrographs

for that.date are plot;ed in figure 4;22. The tpacé pf “Lendal Creek"
discharge iélhighly irregulap, pps&ibly reflecting the influence of |
antecedent rainfall not recorded at the Schei fly camp and no copclusions
about river response can be drawn from the "Lendal" hydrograph.é "ﬁndrick
Creek" and the "Upper Schei River" show a clearer response to precipitation,
_with lag times of 4-5 h and 5.5 h respectively, although the peak discharge
of the "Upper Schel River" at 1540 probably reflects in part the "normal"
lag of the system to melwater inputs. The 5.5 h lag of discharge behind |
precipitation of the"Upper Schei River" system suggests that lag in i

response to rainfall resembles lag behind other runoff-generating inputs.

4

4.7 DISCHARGE IRREGULARITIES

4.7.1 Introduction

h ]

Up to this point, the discussion of discharge has centred around
the inflpence of meteorologic-inputs on streamflow. Other factors may
however influence short-term hydrograph patterns. Analysis of the fine
strp;ture of the '"Schel River" hydrograph for 1973 by McCann et al (1974)
revealed the occurrence of irregular fluctuations in discharge not

~ attributable to meteorologic influences. Explanations for tpese-irregu-
larities were ofﬁered in terms of "résogance phenomena assopiated with
the shape of the basin in which the sgilling well was located" and

"contributions of meltwater from different parts of the drainage basin

which arrive at the recorder site as separate waves of water." The cause of

R
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similar discharge irregularities recorded on the "Schei River" in 1974

forms the subject of the present section. A

4.7.2 Discharge irregularities on the “Schei River", 1974 - ' -

The first observed flow anomaly on the “Schei River" in 1974
occurred on July 7-8. Around midnight a flood wave passed down the

"Upper Schei River". Discharge at the "Upper Schei" gauging station
=1

. increased rapidly from 4.0 m3§\ to 10.0 m38 =1 pefore the stilling well

’

was destroyed, and at the main "Schei River" gauging station a peak dis-—
charge of 14.0 m3g % was recorded. Both "“Endrick C;eek" and "Lendal
Creek" were under constant surveillance At the time of the flood, and
neither exhibited anamalous behaviour. These observations made it clear
N
that the explanations for discharge irregularities offered in McCann et
al (1974) were inadequate, as the flood evenr of July 7-8 was apparently
caused by the rapid release of water in the "Upper Scheli" basin.

This was confirmed by observations made at the onset of the flood
of July 12, during which the highest discharge of 1974 runoff season was
measured. At the "Upper Schei" gauging.site discharge peaked at 10.3
m3s~1 a¢ 1830 h, then droepped dramatically to 8.0 m35"l by 1910 h, and
4.5 w3s™l by 1940 h. At 2000 b, however, discharge was 6.2 m3s~) and
risigg rapidly, with large blocks of glacier ice being carried downriver.
No further observations were made that evening at the "Upper Schei"
station, but shortly afterwards the stilling well of the main "Schei
River" gauge was destroyed by water dischargés in excess of 20 m3s7L.

Again, flooding was restricted to the "Upper Schei" tributary.
g ] Ty

Four types of digscharge irregularities were identified on the

A\
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"Schei River"” staée record for 1974 (figure 4.23):
1. An abrppt drop in discharge follﬁwed immediately by an
equaliy ;brﬁpt rise to levels above "normal.
2. An abrupt fall of disgharge followed by an abrupt rise,
but with a.period of "normal” flow intervening.
3. HAn abrupt drop in discharge succeeded by a period of
rapid, small discharge fluctuationms.
Q.‘“An abrupt rise in discharge not preceded by a.previous
fall,
All four types were recorded on the "Upper Schei River" stage record,
but no similar events occurred on the other tributaries. The periods of
abruptly rising discharge were invariably ;ccompanied by the appearance
~of blocks of glacier—tce on the river (figure 4.24),
/Tg;ﬁggg;;/evidence suggested that the cause of the discharge

irregularies was some form of femporary retardation of flow down the

"Upper Schel River". Reconnaigsance of the south margin of the "Schei

Glacier" on August dled that the "Upper Schei Ri#er" had cut a slot
of up to 25 m under the glacier margin, and in several places masses of
glacier ice 15-20 m thick had collapsed into the river. Such ice collapses
afford aﬁ explanation for the short-lived damming of the "Upper Schei
River", and the stage record patterns 1 to 3 described above. The type 1
stage trace probably represents the ponding of water by ice collapse and
its immediate release Qhen the ice dam breaks. The intervening "normal" N
flow of type 2 suggests overtopping of the ice dam before breaching occurs.

The lack of a-significant flood following a drop in discharge (type 3)

indicates slow destruction of the ice dam, possibly by melting, with no
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Figure 4:24 : Blocks of ice being carried down
the "Upper Schei River" following the breaking
of a marginal ice dan, July 30, 1974.

Figure 4.25 : Site of drained fce—dammed lake
at the south margin of the :Schei Glacier"
(photograph by S.B. McCann) :
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single abrupt release of water.

‘Only the flood of July 7-8 fell into category 4, being unheralded
by a preceding drop in discharge. The probable explanétion for this
flood lay in the discovery of a small lake dammed against the south margin
of the glacier. Helicopter observations on July 2 revealed the presence
of a considerabie body of water ponded at the glacier margin. Aerial
photograﬁhs taken on July 10 show a lake at least 160 m long and 25 m
wide at this lbcation, but whgn ?{sited on August %.the lake was only 45 m
long and lesg than 1 m deep (figﬁfg 4.25): Stranded icebergs extended to
é ﬁéight of 3 m above the lake surface, itwever, and strandline evidence
.suggesated that, when full, the lake‘would‘be 200 m long, 150-200 m wide
-and over 15 m deep, with a maximﬁm caﬁgcity of 6 x 106 m3. Only a fraction

of this capacity would be necessary to nourish a small jokulhlaup lik;\that

of July 7-8.

PAnalyBis of the 'size and frequency of the discharge irregularities

on the "Schel River" hydrogréﬁhs for 1973 and 1974 revealed three‘
tendencies:
1. Damming at the glacler margin was more frequent towards
the end of the runoff season, presumably after the river
hag melted a deep slot under ;he glacier margin, o
2. Damming was most frequent in the latter half of the day
when discharge was generally higher,
3. There was an inverse relationship between the frequency

of events and their magnitude. _ ;

4.7.3 Discussion

The temporary damming of marginal glacia;_streams by an ice,

e e e s —m = s LR R
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slush or snow barrier has been documented by Adams (1966), Church (1972)
and Wendler, Trabant and Benson (1973). The 1961 hydrograph for the
marginal Ermine River on Axel Heiberg Island (Adams, 1966) shows séveral

characteristically abrupt discharge fluctuations that mark the occurrence

of teﬁﬁﬁfary damming.In all of the documented cagses, however, the size

of individual irregularities has been small in comparison with other flood

EE N
,__‘(1’ J

eventg, such as peak snownmelt discharges. This 1s also true for most of-ff
the 24 discharge irregularities noted on the 1974 “Schei River" hydrbgrapﬁ.
0f greater interest and geomorphic significance are larger flood events,
such as those of July 7-8 and July 12.

It is likely that both of these flood events involved the suddeﬁ
release of water dammed in the small ice-marginal 1akeldescribed above,
ag at no other point on the south mafgin of the "Schel Glacier” could
sufficient water have been dammed b} falling ice te produce floods of such
magnitude. The hydrograph of thg_"ScheiiRiver"-for July 7-8 has all the
attributes of a typical "jokulhlaup" or glacier burst (Hgag, 1969; Blachut
and Ballantyne, 1975 in preparation) with a pericd o% exponentially
incfeasing dischafée ending abruptly as lake level drops below the level
of the lake o;tlet. On July 12, however, a sudden drop in dischargé
preceded the flood, indicating that ice collapse near the outlet caused
blockage of the marginal stream and a builld-up of iake water which was
subsequently released as a jokulhlaup. A large block of collapsed ice,
20 m in height, was obsefved at the lake outlet during the‘August 9
reconnaissance.

Although the occurrence of jokulhlaups 1s well documented for

lakes dammed by temperate ice, the work of Maag (1963, 1969) on Axel
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Heiberg Island suggested that the normal mode of drainage for‘lékes

: dammed by polar glaciers involves outflcw along supraglacial or ice-
marginal channels.w Drainage is maintained through the constant down-
melting of such channels until the end of the runoff season. A small pro-
glacial pond in the '"Lendal" basin (figures 4.26, 4.27_énd 4.28) conforﬁe&
to Lhis drainage pattern, drain;pg gradually throughout the geason as the
-outlet waters melted a progressively deeper "s;ot" under thé damming ice.
TPe catastrophic drainage of a lake dammed by polar ice has recently been
r;ported from West Central Ellesmere Island (McCann et al., 1974, 1975;
%iEEEEEl/1975 in preparation), but the circumstances under which this
took place were exceptional.®

Three drainage mechanisms have been proposed to account for the

occurrence of jokulhla;ps from lakes dammed by temperate ice : floatation
of the ice barrier (Thorarinsson, 1939b; Altkenhead, 1960; Marcus, 1960;
Howarth, 1968); melting of an outlet tunnel (Liestol, 1956; Mathews, 1965,
1973; Gilbert, 1971,‘1972); and plastic deformation of the ice dam induced
bx hydrostatic pressure (Glen, 1954). The theory behind the last demands
the existence of a water body*at least 200 m deep, and this explanation
can be discounted in the present case. The rapidity with which the flood
of July 12 followed the fall in discharge (hence 1ce collapse) indicates
that meltingAis unlikely to be important, except in the case of'type 4"
floods. Fiéétation éffers a more plausiﬁle explanation, but it geems
equally likely that the ice-dam, being no longer "attached" to the glacier,
simply ruptured as pressure built up behind it. Such-an occurrence would
explair\ the abundance of glacier ice carried down the river during the

ris ischarge to the flood peak.

e e e e ¢ e =
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Figure 4.26: drainage of an ice-marginal pond in the ''Lendal”
basin, 197%. A is drop in water level; B is estimated drop in

volume.
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Figure 4.27 : sub-marginally draining ice- _
dammed pond in the "Lendal'Basin, July 5, 1974.

Figure 4.28 : sub-marginally draining ice—
dammed pond in the "Lendal" Basin, August 13,

1974,
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The temborary retardation of flow by ice collapse at a glacier
margin constitutes a rather different situation from that under which

»

Jokulhlaups normally occur. The result, hbwever, is the same : cata-

strophic floods of-unpredictaﬁle timing and magnitude. Such floods

deserve future study as events of considerable geomorphic and hydrologic

significance. ‘

4.8 WATER BALANCE OF THE "SCHEI RIVER" SYSTEM "
The inputs to streamflow in the "Schei River" gystem can be

expressed as a simple equation
GB+SB+P8+MS-38=QT8 . (4.4)

where: Gz 18 total input of water from the glacier {glacier melt, snow—.
melt and precipitation on to the glacier surface);

Sa 18 ;nowmelf in the non-glacierized portion of the basin;

P, 1s precipitation over the non-gla;ie;ized portion of the basin

Mg 18 permafrost melt;.

Es is flux of water vapour (evaporation):; and

—

- @ 1is the total discharge of water passing the "Schei River" during

the study period, Juhe 22 to August 18, | -

R -

The subscript s denotes "Schei River" g stem. A lake storage term has
‘ el kil y

been omitted from the equation as storage in lakes is negligihle‘in the

"Schei River" basin.

Similar simple water—balance equatiOns for the three tributary

catchments can be written as
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A,

‘ - o &
Gy, + 5, + Py + M, - E = @, . | (4.5)
Gy + Sq + Py + My - Ep = @y \ (4.6
S, + P, + My, ~ B = @&, S (4.7

!

_where the subscripts u, &, and e refer-rq&pectively to the "Upper Schel

River", "Lendai Qreek" and "Endrick Creek" basins. It should be noted
that equation (4.7) contgins no ¢ term; this equation pertaips to an
unglacierizeq basin.

Accurate a;sessment of the relativg importance of the terms in
these equations is preéluded.by the iradequacy of the data available,
but some generalisations may be hazarded. Of the te%ﬁs in the‘general

!
equation

G + § + P + M - E = qT * (4.8)

w3

\"i . - ¢ -7

E and M may be considered with reference to the similar environment of

the Mecham River basin, Cormwallis Island, whexre Cogley (1975 in pre-

a

paration) has found that evaﬁorative loss exerts a very substantial
influence on the water balance. Evaporation may however be ignored in
the present context, which primarily concerﬁs inputs té streamflow.
Cogley has also argued that although the contribution of permafrost melt
(M)may be significant, the éctive layer is likely to reta}n an equal

amount of precipitation, such that the net contribution from permafrost

melt over the runoff season 1s small or even negative. With the exclusion

of these two terms, the general equation becomes

G + § + P = g (4.8)

2
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It is possib;e to arrive at an estimate of the seasonai discharge-
from the glacierized portion of thoae basins with partial ice cover by
- consiaering the total (seasonal) discharge per unit area of the "Endrick
‘Creek" basin (T, Ae_l) as representative of the unglacierized portions
" of the "Schei River™, "Upper Schel River" and "Leadal Creek" basins. TIf

A repreggnts basin area and 4’ is area under ice cover, then

. 1 . '

6, = @, - e (45 - 4's) (4.70)
Ae

G, = @, - L, 4, -4") (4.11)
Ae

Gy =.qry - 9Te (Ap - A'g) : {4.12)
A, : P

The values of GS, Gy, and GQ obtained from these equations are shown in

table 4.6. (

The ﬁain _sources of erroroin this calcuiation arise (1) from the -

R

assumpti%ﬁ"hat Tunof f per unit area of the "Endrick Creek" basin
(QTé Ay 1) approximates the runoff per unit area of the other tributary

basins, and (2) from the unreliable_nature of the "Endrick Creek" dig-

charge record. If these deficlencies are accepted, the calculation

permits a rough calibration of the difficult G term of the water balance

~

equations.

Equally broad estimates may be made for the P term by considering
the Schei fly camp rainfall total as representative of the entire "Schei
River" catchment area. The total was first adjusted uaing the base camp

record to represent the full period June 22 - August 18, The‘calculated
| .
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total for this period becomes 21 mm, so that PA™! is 21,000 w32,
assuning that all precipitation is translated to runoff, and none is stored
as ice or snow or in the active layer.

An estimate for the final imknown term, S can now be simply.cal-

culated from

s
LN
3

S = gr - G.'; P (4,13)

The value of SA™7 calculated in this way is 77,500 m3km-2, representing

the melt of 77.5 mm water equivalent of smow.

1 1

As values have now been obtained for PA” " and S4~

for each basin,
it is possible to use these values to break up the ¢ term into its com-

ponent parts, namely glacier melt, snowmelt and precipitation. If the

terms of the generai equation are redefined, such that

Y 1s glacier melt; _
p 1s all precipitation ﬁailinévih'a basin between June 22
and August 1l4; and ;
§ 1s snowmelt
the general equation can be rewritten
Y + p+ & = ar _ (4.14)

*

The values for every term are available as a result of the calculatiéns
described above and .are éiven in table 4.7.

Despite the crudenegs of these estimates, some interéhting points
emerge. Although the "Schei River" basin is only 35.5X glacierized, melt
of glacier ice accounted for 55X of total recgrded discharge in 1974,

Precipitationrbetween June 22 and August 18 is estimated to have contributed
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- TABLE 4.7

CALCULATED VALUES FOR THE

TERMS OF THE WATER BALANCE EQUATION Y + p + ¢ = QT

a) 1in 103 3

River TQ _ Y p g
Schei (s) 19,867 10,884 1,915 7068
Upper Schei 12,094 7,238 1,035 3821
(u) ’

Endrick (e) 2,948 - 627 2319
Lendal (1) 4,568 3,643 197 728
[Lower Scheil] 256 - '55 201

3 -

b) in 100 &3 km
* River Q. Y P . o
Schei (s) 218 119.5 21 77.5
per-Schei | 147.5 21 77.5
_Endrick (e) 21 77.5
< Léndal (2) 486 21 77.5
" [Lower Schei] 99 21 77.5
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only 10X, and the rgmaining 352 1is largely attributable to snowmelt.
In-ﬁig studies of the ﬁ;mine River, which‘ﬁrains the Hhité Glacier on
Axel Heiberg Island; Adams (1966) Also found that g}acier melt provided
the dominmant input to streaﬁflou (table 4.8). The'contributiop of
glacier melt to the discharge of the "Ermine River" was however much
lower in 1961, a relatively cobol, cloudy season, than in the summer of
1960. A similar contrast exists for the "Schei niver" between the
summers‘of 1973 and 1974; runoff on the latter year was greater, despite
the heavy rainfall ;f 1973, as the relatively warm, sunny conditions of
1974 promoted faster ablation of the "Schei Glacier".

The size of\ghg glacier-melt countributiom to discharge has

important geomorphic repé;Ehssigps. - It is evident from the figures pre-
sented in tables 4.7 and 4.8 that;gfﬁi“re;atively warm seasons atuieast,
the ice-melt ipput to streamflow considerabl&kéxceedg the snowmelt input,
There 1s however no evidence that iee-melt discharge pérxunit_grea
exceeds snowmelt discharge per unit area. The geomorphic importance of
the ice-melt contribution lies in the fact thét high glacial discharge may
persist throughout the season, whereas high nival discharges terminate
at the end of the snowmelt freshet. As a result, tﬁe geomorphic effect-
1veness of glacial streams probably exceeds that of their nival counter-
parts, as the erosion and transportation which accompany high discharges
will operate over a longer period.

In the above section, discharge records from glacierized and
unglacierized portions of“the "Schel River" basin and the summer precipi-

tation record were employed to measure the size of different streamflow

inputs. TFrom these data it was possible to isolate the- input of glacier

7
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melt from that of snowmelt on the glacier surface, thus overcoming one

of the main problems inherent in the hydrologic assessment of ablation

rate (Ostrem, Bridge and Rannie, 1967). This :echnique nay be of value

in glacier mass balance studies.

4.9 SUMMARY AND CONCLUSIONS

In this chapter the discharge of the glacionival "Schei River"

has been described and analysed by comparing the hydrologiec behaviour of

its three main tributaries.~ Several generalisations emerge from this
analysis, mainly concerning differences between the behaviour of the
glacierized and non-glacierized parts of the basin. The most important

of these generalisations are as follows:

1. Nival streams differ in behaviour from glacial streams after the end

of the snowmelt freshet, in that reserves of water in unglacierized catchments
become depleted whereas the supply of glacial meltwater is effectively
limitless. In consequence, high discharge of nival streams after the snow—
melt flood may only be expected after rainfall. High discharge of glacial
streams may however occur on warm, sunny days at any time during the

runoff geason.

2. The time of the diurmnal peak discharge of glacial streams advances
progressively throughout the runoff season. Time of diurnal peak discharge
of nival streams is progfessively retarded however, as sources of melt-
water retreat te the higher parts of jce-free basins.

3. The magnitude of river response to rainfall on unglacierized terrain

is apparently dependent on antecedent moisture conditions in the active

layer.
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4. Diurnal fluctuations in discharge can be related to fluctuations

in temperature and net radiation. No simple relationship was found between

the values of these three variables, however.

5. The lag of glacial discharge in rpsponse to rainfall is of similar

- magonitude to the lag of peak diurnal discharge behind maximum daily net

-
radiation.

6. The contribution to runoff of the glacierized pﬁrt of the "Schei Basin"
was greater im 1974 than that of the ice-free area. Glacier melt comprised

roughly 55X of total discharge, snowmelt 35X, precipitation 10%. The high

level of the glacier-melt contribution reflects the relatively warm and sunny

. L
conditions of the 1974 runoff season.

7. The ponding of water behind collapsed ice at the margin of a glacier
may represent a considerable hydrologic hazard, as a sudden flood of
unpredictable timing and magnitude may result from the breaching of the
ice dam. |
Although mény high arctic streams drain both glacierized and ice-
free terrain, the arctic glacionival regime is.poorer ‘documented than
either of its component types. The present study is a first attempt to

agsess the influence of *&ach component on the pattern of glacionival dis-'
1 .

4
charge. It must be emphasised that the potential for more rigorous analy-

sis.of glacionival systems is great.
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CHAPTER 5

SEDIMENT TRANSPORT AND SUPPLY

5.1 Introduction

Present knowledge of the concentration and load of sediment trans- -
ported by high arctic rivers is limited to the Feasurements reported in-
a small number of recent studies (for example :\Church, 1972; McCann,
Howarth and Cogley, 1972; McCann and Cogley, 1974). In the present chapter
measurements of the concentration of suspended and dissolved material érans—
ported by the "Schei River" in 1974 are reported. Variations in the 1e§g1
of concentration are discussed, with particular reference to the effect of
changing discharge and te the gsediment contribution of different parts of

the basin. The results obtained are then compared with those of previous

studies, and concluéions drawn as to geomorphic implicationms.

) Several geomorphologlsts (for example : Corbel, 1959; Smith, 1969,
1972; Douglas, 1973) have manipulated measurements of sediment discharge to
derive a quantitative index of denudation rate. This technique asgumes
that all of the material eroded from a basin is subject to eventual remowval

by river, hence measurements of river load over a given time periocd can be

used to express denudation per unit area during tnat time period. The basic

equatiocn is

. Ly R
D, = = - (5.1)
t pd |

where Dt is mean denudation occurring in time ¢, Ly 13 total load (mass)

e
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transported from a b;sin in time ¢, p is density of trénspdrted material
(normally.taken as 2;6573 cm‘3):and A is basin area. Extrapolation of D,
to estimate lohg—term denudation (for example, in nillimetres ber thousand
years) is meaningless, however, as rates of denudation are apt ta vary
widely from year to year, and over a long time will reflect changes in
climate and base level. ’TﬁZ)most pronising use of this and similar indices
of denudation 1s that of Douglas (1973), who employed multivariate énalysis

to identify the main influences on denudation rate in nearby catchments -

over the same time period.

The principal difficulty in the use ﬁf equation (SLi) lies in
arriving at a value for the L, term, as the three comﬁonénts of this term
(dissolved load, suspended load and bedload) must be evaluated individually.
Accurate assessment of bedload ig diéficult (Hubbell, 1964), ana most
authors either ignore this fraction of the load or resort to the uncertain-
ties of & standard bgdload formula., The evaluation of dissolved load and
suspended load requires a continuous discharge record and the establishment
of separate rating curves for concentrations of squended'an& dissolved

sediment against discharge (Campbell and Bauder, 1940). This too may be

problematic, as factors other than discharge may affect sediment concentration

(Guy, 1964). 1In particular, the availability of fine-sediment is of crucial
importance in determining the level of sﬁspended inorganics carried by small

\

to medium sized rivers.

In view of these difficulties, no attempt is made in this study to
arrive at a comprehensive value for denudation rate in the "Schel Basin".
Instead, attention is focussed on the factors affecting the removal of
sediments in suspensiqn and soluﬁion, and the comparison of measured

Y Y
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concentraticons with those obtained in other arctic environment.

5.2 Measurements Techniques .

In order to assess the concentration and load of suspended and
dis;olved ﬁ#terials in the "Scheil River", water samples were obtained
daily at the main gauging station, normally around the time of peak diurnal
discharge (1600 — .1800 h), using a depth-integrating DH 48 sediment sampler.
Concentrgtiou of dissolved materials was assessed for ail samples in terms of
specific conductivity, which gives a measure of free ions in solutiop. Con-
ductivity was measured with a Barnstead PM-70CR conductivi;y bridge; all
measurements were made at a sample temperature of precisely 25°C to
eliminate the influence of temperature. In addition, nine sampleg taken
at the main “Schei River" gauge were titrated to obtain values of calcium
and total (Caz+ + Mgz+) hardness, usilng a‘B.DfH. hardness test in the manner
described by Schwartzenbach (1957). As well as throwing light on the
identity of the principal ions in solution, these measurements allowed
partial calibration of.the conductivity values,

To measure the conEentration of sediment in éuspension, all water
samples taken at the "Schei River" gauging sfation were filtered at base
camp using a modified version of tﬁe rapid filtration apparatus-devised by
G. @strem (@strem and Stanley, 1969; @strem, Ziegler and Ekman, 1970).
SamglgAvolume was measured to the nearest millilicre before filtration
through cellulose acetate filters, 47 mm in diameter with mean pore size
45 yum. After filtration, these filters were stored in numbered plastic
bags, and in the subsequent labo;atory analyeis the filter; were dissolved

in acetone and the bags washed out in distilled water. The acetone and

R R e Rkl
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distilled water were then evaporated, and the residue on the filters was
placed in a muffle furnace for 30 minutes &%;356° - 400°C. The residue:
of the filters and the bags was then weighed on a laboratory balance
sensitive to 0.1 mg. Tests showed that tﬁis procedure reduced filter
weight to an amount negligible in comparisonm with the welght of the sedi-
ment sample.
The daily sampling programme at the "Schei River" gauge was supple-

wented by occasional sampling at the tributary gauging points, designed
to enable the comparison of the sediment contribution of each tributary,
and at the glacier front, where meltwater erosion was extremely active,
These supplementary samples were analysed using the filtration, conductivity

e .
measurement and hardness titration techniques outlined above. 1In addition,
occasional measurements of pH were made at base camp using a Metrohm E-

280A pH meter with manual temperature compensation.

5.3 Solute Concentratioﬁ and Load
5.3.1 "échei River"sampleq

Carbonate rocks outcrop fairly widely in the unglacierized portion
of the "Schei River" basin. The pri;cipal calcareous series are those of
the Lower Palaeozoic Read Bay and Allen Bay formations, and the Devonian
Vendom Flord formation contains strata of célcaréous sandstone (figure 2.2).
Moreover, the tills and oftwash gravels that mantle much of the basin
contain abundant carbonate erratic material, such that groundwater and
surface runoff are frequently in contact with a relatively soluble calcareo;;

regolith. Studies of solute concentrations in small streams draining high

arctic limestone and dolomite terrain indicate that solute load accounts for
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a substantial portien of total sediment transporﬁ (McCann and Cogley, 1871; -
Cogley, 1972; M-k Woo, pergomal communication). For larger arctic streams;
concentration apparently diminishés (Smith, 1969, 1972; ﬁggggi,.Howarth
and Cogley; 1972) but dissolved solids still cénétitutE’a Big&iﬁicant
portion of total river load. It might be anticipated, therefore, that the
waters of the "Schei River" will exhibit low but not insignificant values
of hardness and cond&htivity. _

The conductivity readings for 66 water samples tzken at the "Schel
River" gauge in 1974 ranged from 36 to 206 ﬁmho em™t (figure 5.1). The
range obtained for the Mecham River, which drains a nén-glacierized basin
of gimilar size on the éarbonate rocks 5f 8.E. Cornwallis Island, was 88
té élG jmho em™L for 1971 (McCann et al., 1975). For the “Scﬁei River“,‘
;ine samples titrated to give values of calcium and total (Ca + Mg) hardness

demonstrated a fairly close relationship between total harﬁness (Hf) and"

conductivity (X), such that

Ht = 0.468K ~ 1.145 (5.2)

(r = 0.878)
where K is expressed in  umhos cm—l and H; in p.p.m. The small constant
term in equation (5.2) indicates that conductivity will be virtually zero

2+

when there is no Ca®’ or M32+ in solution. Hence it would appear that

measurements of total hardness account for almogst all of the dissolved \
solids in the "Schel River", other ions beipg'of negligible importance.
Equation 5.2 allows conductivity meééurements to be rated in terms of total

disgolved solids. Calculated from this equation, concentration of dissolved

materials in the "Scheil River"™ in 1974 ranged from 15 to 97 ppm, calcite
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Ia)

equivalent, as against 65-135 ppm for the Mecham in 1971.

u

Conductivity exhibits an inverse nonlinear relatjonship with water

discharge (figurg 5.1):

-0.206

K = 74,508 Q (5.3)

{r = -0.761)

b

Combining equations (5.2) and (5.3) gives the relationship between total

hardness (= total dissolved concentration) and water discharge as

' o 206

H o= 34,870 Q - 1,145 - © o (5.4)

implying that discharge increases more rapildly than concentration decreases.
’This'wall—documenteﬂ phenomenon has been attributed (for example, by
Cogley, 1972) to the operation of a "dilution effect" : as discharge .

.Increases, a smaller proportion of the water comes into contact with the

e

cﬁannel_parimefer and opportunities for golupional reaction are reduced.
This”explanation may be inadequate, however, for streams as turbulent as
the "Schel River". In the present instance two alternative explanations

of the inverse hardness - discharge relationship may be invoked, concerning
relative inputs to streamflow and increase in turbulence with discharge.

At high diéchargeq, giacial and nival meltwétera inevitably constitute by
far the wost 1mportant input to stfeamflow. For reasons discussed in
sections 5.3.2 and 5.3.3 such meltwater is unlikely to contain aignificant
céncentrationa of dissolved s0lids. Aéilower discharges, howaver, the
proportion of cotal input contributed by groundwater will be greater. As

a reault of their relacively long travel tima through the normally cal-

careous active layer, groundwatars are probably saturated with respact to-

v
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CaC63 And HMgCO4 and therefore conéain muéh higher levels of dissolved
material than do surface peltwaters. Hence" as discharge increases,
increasing amounts of meltwater tend to "dilute" the overall solute con-
centration. Moreover, at high discharges the turbulence of the river
inereases markedly, particularly in the steEp "Schei Gorge" section. In-
creasing turbulence will result in diminution of the level of dissolved
C0,, a lowering of the saturation level and the precipitation of some
Aissolved:carbonates as particles in suspension.

To éaiculate the total sclute load passing the "Schei River"
géuging station during the summer of 1974, the mean concentration of dis-

solved solids {H:) was calculated usiﬁg the expression

Y

By = _Z (q . f}) : (5.85)

where f; is the probability of the © th class of discharge (measured at

intervala of 1.0 m3 s-l) and Ht 1s obtained through substituting for Q

according to equation (5.4). In this way a value of 28,814 ppm was

o~

obtained for ﬁ; . Multiplied by total seasonal discharge (19.867 x 10
nd), this gives a total volume of 572.4 n° removed in solution from the

"Schei Basin"™ during the study period; assuminé a density of 2.65 g em3

this is equivalent to ISl’sme:;ic tons. Total load per unit area is

therefore 16.6 t km-z; total load per unit ice~free area is 25.8 t km 2.

5.3.2 Tributary Samples

Ip;ohghout the field gedgon occasional water samples were taken
from the "Schei River" trihgsgiies to enable the hardness of waters from

different parts of the basin to be compared. In totgl, 13 hardneass and
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conductivity values were obtained for £hE'"Upper Schei River", 14 for

"Lendal Creek" and 12 for "Endrick Creek". The total hardness - conductiviéy

relationships exhibited by these samples are similar in form to that obtained

for the "Schel River" samples (equation 5.2):

He = 0.508 K - 1.518 g (5.6)
(r = 0.983)
th = 0.583 Xz - 1.99¢6 - (5.7)
o (r = 0.926)
By = 0.482 K .+ 6.211 ' © (5.8)
a e

(r = 0.936)

The coefficients of K are gsimilar for all these equations and equation (5.2),
and the constant term is low for ailrbut equation (5.8), indicating that
ions other than Ca2+ and H32+ may be significant foé the "Endrick" samples,
but not for the "Upper Schei™ ﬁr "Lendal" gamples.

Samples taken from the "Upper Schei River" and "Lendal Creek" after
the end df.Juna exhibited relatively little change in total hardness (figure

5.2) and no significant relationship with discharge (figure 5.3). The

"Endrick Creek“ measurements however varied inversely with discharge

s

according to the regression

Ke = 85.313 - 23,103 q, (5.9)

(r = =0, 809)

From figure 5.2 it ig evident that concentrations of dissolved solids are
much greater for "Endrick Creek" than for either of its glacier-nourished

counterparta., This difference may merely reflect the conalstently low
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~ discharge of "Endrick Creek" after the snowmelt flood, but some. features
of figure 5.3 suggest a more complex picture. The highest valuesrfor’
"Lendal Creek" (H, = 58 ppm) and the "Upper Schei River" (H, =.82 ﬁpﬂ)
were both obtained on June 28, when the main input to streamflow was
probably snowmelt rather tpan é&écier melt. The studies of Ek (1964, 1966)
demonstrated that the €O, content of glacier ice is depleted through
compaction and densification, so that glacial,meltwaters are much less
aggressive than those resulting from the melting of new snow, which is
apparently not subject t6 C0; depletion (Clement and Vandour, 1968). It
is thus possible to account for the low hardness values of the "Upper
Schel River" and "Lendal Creek' obtained after June 28 in terms of the
increased dominance of glacial meltwater as a streamflow input after that
date. Alternatively, it is conceivable that the solute concentration of
glacial meltwaters sampled at the “Lendal”_and "Upper Schei" gauging sites
had not reached saturation before sampling éoﬁk'plnce.

Figure 5.4 shows the variation in dissolved load per unit basin area
for th; "Schetl River" and its tributariea, based on the limited number of
samples taken at each gauge. The high values measured for "Lendal Creek"
are striking. Some sources of the dissolved load carried by "Lendal Creek"
were investigated through sampling waters near the glacigr front, reported

in the following section.

5.3.3 Ice-front samples
To further define the role of glacial meltwater in transporting
salts in solutidn, occaeional samples wera taken at two ice-front locations

in the "Lendal" basin. The area uround the submarginally-draining pond

’
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v

described in section 4.8 was sampled on six occasions (figure 5.5), and
a small proglacial tributary of the "Lendal" christened "Thistle Creek"
was sampled ten times between June 26 and August 3 (figuré 5.6; table 5.1).

The results of sampling at the proglaciai pond were scmewhat incon—.
clusive. All of the values obtained were low (5, < 25 ppm; figure 5.5)
but significantly those obtained for glacial meltwater were lowest of all
(5, ? and 13 ppm). A single value obtained for élacier ice (Hy = 12
was also very low. These. figures auggest that solute concentfﬁtions in
1neltwater rise within a few metres of the glacier front.

The "Thistle Creek" samples, taken 20 m from the ice-front, all
displayed low (12 -/ &5 ppm} total hardness values except for the June 28
sample (86 ppm), wﬁen flow was probably nourished primarily by snowmelt
rather than glacier melt. Some insight was gained into the factors
1nfluenciﬁg the hardness of "Thistle Creek" by sampling individual water
inputs (figure 5.6). Samples taken from supraglacial meltwaters and
gravel rills had low (10 ppm) concentrations; those flowing over fine
deposits (till and mudslump rills) had much higher concentrations (34 and
33 pﬁm respectively). The concentrations of waters flowing in "Thistle

| Creek" and along the glacier margin were 1ntermad1ate‘(15 and 20 ppm
'regpectiVZIy), although the hardneas of "Thistle Creek" increased down-
“stream to &7 ppm. These results support tﬂe inference made for the ice-

marginal pond éamplea, that solution takes place rapidly as meltwater

leaves the glacler, particularly, it seems, whare flow is over fine sedi-

‘mants.

The limited pH measurements made at the ice-front sampling sites

 (figure 5.5; table 5.1) range from pH 7.5 to pH 9.2. This range regembles
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Sketch of ice-marginal pond with total (Ca+Mg) hardness and pH values measured on six occasions in the
summer of 1974, '
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0t

that of pH 7.65 to pH 8.9 measured by Ek (1964, 1966) at glacler snouts in
the Savoy Alps and the Italian Dolomites. If, as Ek suggests, thsff high

PH values are attributable to the explusion of CO, in glacier ice upon ™.

densification, then the low hardness values obtained at the ice front may
be explained in terms of a reduction in saturation level consequent on low ‘
levels of dissolved CO,. Nome of the hardne;s values obtained at the
glacier snﬁut approach the calcite saturation leyel aof 95 ppu under

conditions of atmospheric p CO, at a temperature of 0°C.

5.4 Suspended Sediment Transport and Supply
5.4.1 "Scheil River" samples :

Measured concentrations of suspended sediment in the "Schei River"
in 1974 ranged from 5 mgl_llto 2,205 mgl—l and meagured sediment discharge
(load) varied from 2 gs'l to 23,956 gs-l. Nine of the 67 water samples
exceeded 1,000 tngl"1 in concentration, and loads in excesa of 10,000 gs_l
were measured on eight océasiona. It must be stressed, however, that as
sampling generallyatook place around the time of peak diurnal discharge,
these values represent maxima.

. As might be expected on the basiﬁ of previous studies (for example,
Arnborg, Walker and'Peippo, 1967; Gstfem, Bridge and Rannie, 1967; Church
1972) concentration of suspended inorganigs displafed considerable covariance
wich‘discharge (figure 5.7). However, intensive sampling on August 1l and
12 demonstrated that order of magnitude changes i; auspended seéiment |
concentrgtion may occur In Bhoft time intervals (figure 5.8).' Obviously,
then, the concentration of any sample may be unrepreéentative of the dis-

charge at which it was taken and of the mean concentration for the day on

which it was taken, particularly as availability of suitable sediment
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. exercisea, independent of discharge,.a major contggi on concentration. An

tdentichl problem has been described by ¢atrem; Bridge and Rannie (196?),

%

who made measurements under simtlar circumatanceaéin thé glacierized Decade
River bgain, on Baffin Island.
A The relationship between suspended sediment concentration (S) and

discharge (figure 5.95 i3 expressed by

' 1,82
Sy = 45.710 Q, . _ (5.10)

- (r=0.724)
M .

confident at the 0.01X level. The wide acatter of points on figure 5f8 ia
howevor'a phenomaﬁbn of gome interest. Measurement error is only likely
to significantly effect samples with low concentrations, and can be dia--
counted as a major effact. Dumping of silt-laden snow iﬁto‘:ho riﬁor at
’ tho vary boginning of the 1974 runoff soason, giving rdlntively high con-
contrations during pericda of low diacharge, is important for only four

ol
samples. More marked is the influence of a hystercsia effect, tho lag of

peak :i:ordiachurga‘behind poak ﬁediment coﬁcentrdtion (figure 5.8). 1In
QOnaequuAcn of thia, a anmﬁla taken on falling stage will exhibit lower
concentration at a given discharge than a sample taken on rising stage
(figure 5.9). Surprisingly, compariaoﬁ of the correlation coefficients

of regressiona of rieing and falling ;tnge reveals leas vafinncu in tha
fniling stage digtribution than in the rising stage distribution, with a
falling atage coefficient of 0;875 and a.riainé atage cqefficiont of 0.704,
For tha 1973 "Séhci River" auapendud sediment data OicCann et al., 1973)
the equivalent values wera 0.§§9 and 0.436, The reason for tha better

"organisation' of the falling atage anﬁplou ia not cloar,
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Probably the most important factor behind the scatter of points
in figure 5.8 1s variation in the supply of fine sediment. In common
with moat-atreama. the "Schei River" normally carries a suspended con-
centratiqn that is less than its potential capacity. How much less }s
determined by the availability of suitable material. Socme important sources
ofksedimant are degcribed ;; section 5.4.2. .

The exponent of the independent variable Q; in equation (5.10) is

sufficiently close to unity to support Church's (1972) findinga of a

near-linear relationahip

S = X Q {§.11)

where X 18 a conatant, and implying that the relationship of suspended

" load (L) to water discharge ia

I = X Q _ (5.18)

This indicates the importanco of .axtreme runcff events in transporting
suspendod sediment from thae basin.
' N\
Sediment load is the product of concentration and dischargae

*

I = 5§ Q ' L (8.13)

When S 18 given in mgl'l and Q is in m3 l-;, then load will be in sa_l
Aa_L is a function of Q, the relationship bntwaen'cho two is liable to show
a-apuriously high corrolatibn. opeeantially the result of rcg;nnaing Q
ngninat itself. PFor this roason no such analysis wae carried ouﬁ.

The soasonal suspended load for the pnriod Juna 22 - Auguat 18,

1374 was cnleulntod in a similar munner to total disnolvcd load (equation 5.5)

el _ladfr.m
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using flow-frequency data and the suspended sediment rating curve (equation

5.10). 1In this way a figure of 10,251 metric tonnes was obtained for total
: _ -2

load during the study period, corresponding to 112.4 t km ° for the entire

basin or 174 t km—z for the ice-free portion of the basiﬁ.

5.4.2 Sources of suspanded sediment

Measurement of suspended sediment concentration at ocach of the
threa tributary gauging sites throws some light on the nature of major
gources. Figure 5.10 shows the variations in suspended sediment concen-
trations obta;ned on the basis of limited (13 ~ 15 samples) sampling on
each tributary. Some trends are discornible from this data:

1, Sediment con;untrntiona were high relative to discharge at the onsot
of the flow season. This pfobably results from the "flughing out" of
sediment accumulated on snowbanks by progressively higher meltwater
runoff.

2. There is a gonaral correapondence bnt&ceh discharge and suspended
sodimant concentration in the glacial tributaries after June 5.

3. Suspended aadimont.concentrdtion in “Endrick Creok" was daploted
-after funk aeaaoﬁal dinchnrge.wnﬁ reached,

The pattern of-anunonal change in concnﬁtrntion in "Endrick Creek"
is largely explained by the occurrence of extonsiva bank eroaion up to
tha poricd of peak flow (figure 6.4) and the abrupt cessation of puch
orosion thereaftor (figure 6.5). Little fino material was available from
the rock and boulder bed of this stream, so that :horwa:ofa of "Endrick
Crack" weare obiorved to ba consistontly clear after July 6. Amongat

the sources of material supplying the "Uppar Schai River", bank collapse
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through the development of thermo-erosional niches under ground ice
(figure 6.3), flow past dirty thrust planes at the "Schei Glacier"‘margin
land the collapse of gediment-laden giacier ice into the river are thought
to be asignificant,

The moat datalled analysias of sedimant sources was carried out on
. "Lendal Creek", It was apparent (figﬁru 5111) that large umou?ts of sus=
panded sediment wore baing supplied to tributaries of this stream at Fho
glacier margin. Samples taken at the "Thistle Creek" and ice-marginal pond
sanpling sites indicated some major sediment uoﬁrcﬁa. Figure 5.12 dqpicca
those two gites dias?ﬁahntically showing the levols of suspended asediment
concentration of vari%ua gourcod on Auguat 3. Througﬁout the season,
concentrations in supraglacial maltwater were.lowu not exceoeding 30'm§1-1.
but within a faow matres of the glacier front extromely high concontrations

wore moasured. Two main sources of sediment were idontifiod:

1. A glacial advance of 2«6 m aince tha aumm;r of 1973 was locally apparent
from photographic and other evidenca. This advance has forced stroama
flowing along the proglacinl margin to cut new channols in the ailt- and
clay-rich :iil that covers much of tha progldcinl aroa, Concnntratioﬁn in
such streams exceeded 2,000 mgl-l on savaral occasions

2. At the gincicr margin, large supraglacial streams fell 30 m v;rticnllf
to tha ground below. ‘Sprny from these waterfalls ofton ascaked areas up

to 15 m from the ice-margin, so that the shallow active layer of the
immediate proglacial area bocame saturated. The result on accidontod
terrain was the frequant occurronce of mudslumpa over the permafroat

tabla (figure 5.13).



Figure 5.11 : Confluence of thea "North Lendal®
(left and "South Lendal" Creeks. The turbid
"South Lendal" drains accidented terrain at

the ice-margin, a scurce area of abundant fine
sadiment,

Figure 5.13 1 Mudelump at "Thistls Craek",
Auguat 3, 1974,
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A

From the obaservations it emerges that the 1nstdbility of the

immediate proglacfal area of the advancing, sub-polar 'Scheil Glacier" is

a significant factor in the aupply of fine sediment to the "Schei River"

syatem,

5.5._Conc1uaions

In this chapter, measurements of the concentration of dissolved
and suspended inorgﬁnica carried by the "Schei River'", its three tribu-
taries nﬁd ice-marginal mnitwatef streams in the summer of 1974 have
been used to investigate levels of dissolved and susponded load, the
ralntionahip; between concentration and diascharge, the factors affecting
thasge rcintion;hipa and soma of tha principal sediment ao;rcaa. In this
section the main conclusions are reatated and éomparipona are made with
tho results of similar investigationa in high arctic aroas.

For the "Schei River'", valuas of npucific-conductivity ranged
from 36 - 206 wumho cm'l, from which a range of total (Ca2+ + M32+) hardnosa
of 15 - 97 ppm was derived using a hardness - conductivity rating oquntion.
Thia gana equntion indicated that the concentrntion of lone other than

and H32+ was negligible, aso that total hnrdnoaa ia virtually oquiva-
lent to concentration of total dimsolved solids. Bbth conductivity and
total hardneas displayed an inverse nonlinear relationship with "Schel
River" discharge, such that increase in discharge was mora rapid than
concantration decrease, A calculated total of 1517 matric tons (= 16,6 t

km'z or 25,8 t lr.m'2 par unit ice-free area) was removed in solution during

tho ptudy pariod.

. By comparison, the range in suspended aedimont concentration waa

e

——n b
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5 - 2,205 mglﬁl. Concentration of suaspended sediment varied with dig-

charge in a near-linear fashion, and the main sources f variance In

relationship were hypothesized to be the o on of a hysteresis effect

and vicissitudea in the rate supply of fine sediment. Total seasonal

suspended load was calculated to be 10,251 metric tons (=112.4 t kn (51'/—\/
174 ¢ km'2 pér unit ice-free ﬁraa). The amount of material removed in\//a\\
suspension was thus 6.5 times greater than the amount removed-in solution,

Limited sampling aﬁ the three tributary gauging stations indicated
that although concentrations of dissolved load were highegt for nival
) "Endrick Creek', probably on account of consistently low diascharge, the
higheet dissolved load per unit area“was that of glacial "Lendal Creek'.
Tha tributary aamp}es aleso revealed r#lativaly high:auapunded sediment _ '
concentrations at the onsot of the flow aﬂaaon. a general covarilance of
suapundod'concentrution with discharge for the glacial tributaries, and ri
a sharp daecline in the concentrntioﬁ of suspended inorganic; in "Endriék_'
| Crock" after peak anowmelt discharge was attainad. Sampling at the glaciler ?
front showed that auPraglncinllmultwatars exhibited low hardness vnlﬁne,
although concentration increased mafkadly as the moltwaters flowed over
- proglacial sedimonts. Hardness values remained rolatively low, however;
high pH readings (pH 7.5 - pH 9.2) obtainad for glﬁcini moltwaters
auggested that €0y depletion may ho roaponnible for a lowering in ﬁnturntion‘
lovel, and thus for the low bardncés Qaluoa measurad, Supruglqciﬁl melt=
watora ware aleo found teo contain low concentrations of ausponded sediment,
but considerable amounta of fine sodiment wore erodad from_tho immodiate
proglacial sone as now meltwater channels were cut and as saturated till

glunped over the pormafron% table Into proglaclal streama.
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To facilitate comparison of the meaaurementa reported above with

information on the range of diaaolved

and suspeuded concentrations in other

high Aretic streams, the available data was tabulated (table 5.2) together

with data obtained by the writer for the "Schei Basin" in the summer of

1975, Only very general trends emerge, Conductivity, total hardness and

-

calcium @%a) hardness- values are generally higher for nival streams auéh

as "Jason's Creek", "Endrick Creek" and the Macham River, but for large

rivers this pattern disappears : the high conductivity values meagured for

the glacial "Sverdrup River" in 1973 and 1974 indicate concentrations in

nxcass of :hoaa measured by Smith (1969 1972) 1in large nival streams on

Soﬁérsct Ialand Direct comparison is complicatad however, by differencca

—

in the proportion of carbonate tarrain in thoae bnaina. The lower con-

cantrations measured-in glacial rivers such as the "Lendal", "“Upper Schei"

and "Schai"'mny reflect higher discharges, or may result frém lower

saturation levels, as discussed aboﬁa.

o

In contrast, suspanded sediment concentrations aro greater for

glacial stroams (Decadae, "Upper Schei, "Schei" and "Sverdrup" Rivers)

than for nival streams of similar basin aize. Also evident is an incroase

in concentration with basin aizo, probably effacted by incroased discharge.

The crude nature of this comparison must ba stressed, however, as the

availability of guitable matarial and

logic evonta may result in unreprasent

the occurrence of excapticnal hydro-

ative ranges of concentration, Al-

though some of the guspondod concentrations measured in glacial atroams are

high, they fall short of values rocorded in the proglacial zonos of

"temparate" glaciers, for example theo

17,200 ppm obtainad by Fohnestock (1963)

e




161

*£961 ‘oddyag
pue 1ayieM ‘Sioquay

6961 ‘yayms
e3eq *qndup
SLET ‘- TB 39
SL6T ‘T 32
GL6T “"Te 32

ZL6T “Aardo)
pue yjaemof ‘uue)oy

uue)OH
uuB)IH

uuenoy

vleg -qndag

Apnag 81y

SL6T ‘rTe 39 uueddy
‘e3e(q *qnduj

Lpnig syyL

“eieq - qnduop

Apnis styy

L961 ‘aruuey
pue 23pyag- “waiisy

vleq *qndup
Apnis sTyL
16T ‘4o130)

aoinog

0S9T1-61

0062-0¢
0018~-2Z1

1L6-0
707Z-5
006%-0

0T%1-¢

LL8-0

£8TIT-0
18¢€-¢
T67-0
ﬁmﬁv
W

(1

62-T
£4-41

£9-01
#9-8

7z-9
z€-9

6L-09
09-02

£Z-11
¢e—0T
6{-9
(mdd)
H

usow{un = ; ‘@jeuoqied Ly3zed = g ‘ajewoqied = 5 -

‘ .mwﬁnnum\WN ueql $SaT U0 paseg °Z

- - 96T i £1358  000°0S eASELY
99-67 - ¥96T 4 0°0 - *sSI 39s13mos
67-TZ 891-05 SL6T d  0°LL Qf£9T -SI 212asoyld

- 0£Z-1S w61 d  O0°LL O€91 "SI °I9WsSayld

- €ET-€S  €L6T d  0°LL O£9T "SI °Iswsaylg

SET-S9  0Tz-88  TL61 D 070  L°L6°SI STITeAmIo)
06-€€ - 06T O 00 (°(6°SI S¥ITesniop .
9-4T ZZT-2€  SL6T d ° §°SE  Z°T6 "SI 219mssId
L6-ST 90Z-9€ 6T d  §°S€ Z°T6 "SI @ixasayld

- 96-6€  €L6T - d  S°S€  Z°T16 -SI 91am997Id
YE-0T LL~%Z  SL6T d  TI°%S €°6% °SI 2I1smsofld
Z6~ST %0T-62  9L6T d  €°YS €£°6% °SI 2x3ussy(d
€7-SL BLI-66T " SL6T d . 0°0  6°6Z "SI 2I393[TaA
68~C€ TLT-TL  %6T d 0°0  6°6Z "91 d1susarid
- - 96T ¢ 0789 8°ZI "SI ufiseq
97-91 Anmnnm GL6T d 8°29 - %6 °SI a13useTld
85-ST 86-Z¢ %461 d 8°29 %6 -SI 2I2usaTYd
Z01-62 - 0/6T 2 0°0 ﬁm.mv *ST woAa(
oo |
AMMQV ﬁvg“ oganvuma» O P By

-19L -JoeI97 Urseqg
(ee1e uyseq Juysesaiduy LAq pa3sy])

:sajoy

124TH STTFATOD
*sg xoley m=mﬂum>
«T9ATd dnapiaag,,

4

wI19ATH dnipiaag,,
MEcTNa: m:uvhubm:
IBATH TEYISH

- X9ATH mMAuuz
IPATH ToTPs,,
wI2ATH 13995,
wI2ATH T30S,

zu 8 FAUIS 1addg,,
zu"8 TRUIS 13ddp,,
z01921) XOTIpUY,
7071210 IPrIpUL,,

IIATH |pedaq
20717210 Tepua,
zu 121D Tepua,

w1991) 5, uoser,

1

I2ATH
N

SHVAYLS DILO¥V HOIH 4AJ0ATdS ¥0d @INIVIEO SMOILVEINADNOD INAHIGAS qAGN3adSNS ANV TATOSSIA A0 FoNVH

./

C°6 T14V]



162

in the glacial White River at Mt. Rainier, Washington. .

The relationship between dissolved concentration and discharge
obtained for the "Schei River" (equation 5.4) 1s essentially of the same
form a; that preﬁgntad by Cogley (1972) for data fr?m “"Jason's Creek" and
the Mecham River, and by Church (1972) for four Baffin Island .streams on

non-carbonate terrain. It geems likely that the general form of the

gsolute-diascharge relationship for arctic streams 1is ,
\

. ") -; ':.."
Ht = v Q (5.14){) v
. v { i
where v and w are constants and 0 < w < 1, Similarly, the form of the K\bj
suspended concentration-discharge relationahip resembles that found by
Church: . — ~.

s x & (5.15)

. where x and y are constants, and g:u 1.0.

The eroaion of tili at or near the glacier front, as roportedlabove,
was also considered important in supplying fine sediment to avctic rivers
by Maag (1969) and Church 11572). The preaent study has indicated that
solution iﬁ the anmﬁ zone is aleo of aoma:importnnco, but loss so than
solution on ice-free arctic carbonnéa ta.rain chCunn nﬁd Coglay, 1971;
Cogley, 1972; Wilkinson, 1972; Smith, 1969, 1972). Knowledge of the
godimant contribution of different terrain types remains very acant, how=
" over, and dosorves a graat doal more study before the sodiment transport

and supply of arctic stream basins cnnfﬁh,ndoquntoly'duncribod.
+
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. o CHAPTER 6

FLUVIAL AND GLACIOFLUVIAL LANDFORMS

6,1 EROSIONAL FORMS

River action in the high arctic has produced a number of distine-

tive landforms that are rare or absent in loweF'létifﬁahﬁ; One such group
of feature consists of the deep gorges, withlverticnl or near-vertical
walle, which have been described in m@ny parts of the high arctic.

Jenneas (1952), working in tho weatern urcﬁté nféhipelagq, described yi

. N ) L - bR . -
"deep tronches in the underlying bedrock ... ravines as

much as 200 or 300 feect doep..."
| (p- 240)

and similar featuras vﬁrioualy tormua "box cnnyonaﬂ, "narrow V-shaped
valleys" and "a:oep-ﬁidud ravines'" have been described from alsewhera in
the Canadian Arctic by Robitaille (1958, 1;60), St-Onga (1965) and ﬁcCahn
and Cogley (1974).

It was argued in chapter 3 that the "Upper Schei Gorge' (figures
3.14 and 6.1) 48 an ontirely postglacial foaturaes, downcut ae a cqﬁnuquonce:_

of fallihg gaa-ievel. Soma mosa-wastage acaras on tha ground above the

gorgo constitute tho only evidonco of recont slope devolopment, even in

the weak sedimentary rocks of the Furoka Sound Formation. Ono is leod to

concludo, with Jonnoss (1952), that
".v« the powerfully eroding etreams that doeply incise thoir

own valleya hava littlo offect on the denudation of the néuu '

/ 163
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through which they paas"
| o (p 248) |

the central quantion raised by arctie.gorgcl doss not concern the rapidity
of thoir erosion, but the stability of their walls. :

ﬂnliko the "Upper Schei Gorge", the'Schai Gorge" ia almost cer-
tainly polyscnotic. It 18 incisaed intoc a ntruGCural nynclinn that proba-
bly ?ormnd a routnway for ico movement, although glacial modification
is not ovid.nt. Even though up to 9 m of fluvial downcutting has ‘taken
place since doslnniation. it would be misleading to dolcribnétnnj“Schni N
Gorge" as the product of exclusively fluvial erosion.

) 0f greater intevest is a ravine, cut 200 m into dolomite, para=
llq}\to the lounh mnrkin o!.fne "Schei Glacier" (tis:ro 6.2). Tha '
pﬁnnnel at the base of thin 1mprnn;ibn_£eaturn, presantly occupind by a
vary small atream, is apparently "gradod"‘to the latealacial surface at
the :op of tha "Upper Schei". implyina !ormng&on in the pariod immediately
Ifollowinn the withdruwnl of 1ca.‘ If7thdis !lnture ia entirely of pont//
glacial development it would therefore appear to hava bnnn:out. pruiﬁma-
bly by glacial meltwater, in th;“;clntivuly fhort interval between lae
retroat and the abandonment of tha lateslneial surface, toncimony to tha
connidcrnbla arosive power of glacial meltwater in the high arctie.

~
Thn lateral arosion of unconaolidated deposits oparates on a

very different cimn-lnnla to the downnutC1ns of bodrock and is roadily

obsarvable in the tiold. In many\permatrolc areas lateral erosion ocours

~ through the devalopment of a thermo-erOl;onnl niche vhich occura when the

river mnlnl ] hnrilontal slot in ‘the adjacent parmafrost or sfound ice

(Walkar and Arnborg, 1966; Maag, 1969). In 1974 the "Uppar Schei River"

w

TN
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daveloped a niche up to 9.0 m deap under the deposits of the relict
"Endrick" sandur. Bank collapse occurred (figure 6.3) along the lincw of
ico-vedga cracks, and large blocks of frozen sediment were dumped in the

river. Bank retreat, measured with refarence to a stake placed in the

rolict sandur surface in August 1973, had exceaded 4.3 m by August 15, 1974.

This figure 1s prodably a maximum for tha bank as a whola.
Bank rvetreat over tha 1974 runoff seascn was also measured at the

welﬁern margin of tha “"Endrick" relict sandur, whaere "Endrick Craek" ia

* hctively eroding banks of coarsa gravel (figures 6.4 and 6.3). No niche

was daveloped. The nvofaae distance of retyreat walronly 0.13 m (maximum
0.43 m). This slower rate of srosion is probably at:ributnﬁin to tha
greater diacharga of tha "Upper Schail River" and the coarser natureaf
the depoaitl oroded by the "Endrick" rather than the non-dcvolopmun: of
a thermo-nrolional niths.

Nc: channel change during tha snowmelt flood period wae measured
!or each of the "Schei River" tributaries by levelling accurate sections
acroes straight reaches immediately upatream, or downstream of the
tributary gauging sites. Tha rasults (tté%;h:b.e) show that net chnnso

was negligible and absolute change minimal, excapt whnra apprccinblo

bank arcsion took place as in "Upper Schei" profila 2, The channel form

" of ‘all thrae tridbutaries is apparently stable, at least n:-ﬁiacharaon

less than those experienced at the peak of the 1974 snowmelt flood.
- —t * - S8 - ) '
: _ o T~ e
€,2. DEPOSITIONAL LANDFORMS % =

. S - P
6,2.1 Introduction b 4 o

The two major landfotnghpt fluvial on glaciofluvial deposition
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Filgure 6.4 "xndridk Crink". dowvnatream from the
site, 1430 h, July 7. Qu = 8.6 m® g-1 _
Extensive recent bank erosion, . b

‘Figure 6.5 1 "Endrick Craak" downs
1700 h, July 19~ Q? = 0.4 m$ e~

;renm from the Rauging site,
Nute readjustment o river bank aftor cuasation of bank erceion.
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in arctic areaa are the delta &nd sandur our outwash plain. Two amall

sandar constitute tha main fugtﬁ;el of fluvial deposition in the "Sched

River" basin, Both huve bnen in:ﬁnlivnly investigated : the characteristics

of the "Schet Snndur“ have bean atudiod by Bennatt (1973, McCann at al.,
1973) and various aspects of the lmallnr "Upper Schei" sandur (figures
6.7 and 6,8) wara inveatigated as pnr: of the present study.

The dominance of sandar 1n'thc .hiorarchy of arctic fluvini land-

forms haw been stressed in chapter 1 and requires no further elqboéa:ion. -

. Considarable information ia now available on the characteriatics of arctic

sandar (Church,;1972), As a broad, single-scason study of the "Upper Schei"

- sandur would ba unlikely to yield mora than confirmation of previous

findinge, it was decided to investigate two outwash characteristics whiqh
hava recoived only limited at:nnfion in the litefaturo. namely
1. the nature of mean cobble siza distribution in different
nndimoncolokical environments 'on the surface of the
active sandur; and _
2, the comparison of cobble aime distribution on the active

surface wiégi:hnt on stesper terraced fragments.

6,2,2 The Form of the "Uppar Schei" Sandur

The "Upper Schei River!" sandur is 1,000 m long and has a maximum
vidth of 180 = (figure 6.9). It is essentially a "valley train" or

"dalsandur" (Krigucw%m. 1962) although the lateral boundaries consiet of

.banks of terraced till nn@ outvash deposita rather than bedrock walls.

"~ The crescentic plan of the sahdur is largely dus to the badrock con=

striction of the "Sched Qorge" at its distal and. Thie constriction has

: .¥
Dk e gE oy gyt N
ORI
L R
N

.k pm—

s —

Q




\
j‘\

\

!,u i W\
§é “. ?\%
%\\‘Lb l "\‘{) ﬁ\

; 172
. 'a h
s 2
[3] &)
. ) w =8
i ' ]
’
(;’
i 8
. i A
=2 -
i)
o -
'§ -
-
‘ b1
R
. S LN ‘\
LY [}

Erdrick Gauging Site

- . Q\Q‘
. Y B . ” \3 } BN
\ '1; -“.‘ R ..E '\ \‘n' \\\ﬂ\g\\“\&u‘ \k

Lt L LR

Figare 6.7: Location of the “Upper Schei"™ sandur.



173

Figure 6.8 1 Tha "Upper Schel" sandur from the
"Hogeback Ridge", June 23, 1974. '
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‘f372). but when fitted to tha "Uppur Schei River" data, as
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the offect of drawiﬁg together all the sandur diatri%gtnrioa to a ainglo.
channel, inhibiting the formation of a more typical fan-shapod featura.
Tha badrock conaﬁriction also acte as a 1é;al bagse levael to which the
sandur surface is graded. howﬁcutting of this base lavel in phagp w{ph
postglacial drops in sea-lavol haq,cnuggd a p%ogruaaivo ioworing ofH%%o
active eandur surface, leaving a number of terraced romnantas,

The long p;bfilo of tha main channel on the "Upper Schei" sandur

was lovelled and found to- approximate

H = 0,000486 p1.6868 (6.1)

-

(r = 0,888)

whora ¥ is haight in matres above an arbitrary datum at the dij§q3 end of
the sandur, and D ig distance in metros from the unku point, Bonnatt

(1975) obtained the approximation

H = 0,005 ¢0:0004D . , (8.8

v (= 0,07}

for the main channel profile on the "Schey Rivnr" sandur, which g lpnn '

steop and of a different form. The general form of the equation and uned by

Bannett
H o= Ko Kb ' : _ (6.3)

hau'boon‘uled by several workere to approximate tha long profiles of main

‘anndur‘chniﬁnl; (Thorarineaon, 1939, Fahneatock, 1963, 1969; Church,

e et
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H = 0,935 000410

(8.4)
{fr = 0.93)
| \
~glven a poorer fit than equation 6.1, . b »
- A thrae-dimenaionnl approximation of tho form of the sandur surface
4 “ Y

was cbtained through tho use of trend aur!acc nnnlynin (Krumbcin and

Graybill, 1963)., A firet order surface, based on 54 data pointa, wan

v + . .
ficted to most of the sandur area (figure 6,10). This surface, with the

X
aquation

E = 87,47 - 0,68 x 10~ x =0.86 x 10°8Y

. oxplaine 98.9% of the height variation, 8light increasee in oxplanation

wera obtained by fitting gocond-order (99.2*) and third-order (99;SZ}
trendos, Tho third order surface (fijﬁre 6.,11) 4 1£t9rolfin3 in that it
indicates tha pr;ncnco. in the north-central part 6£ the sandur, of a
"nlatoau" corfouponding with gha "high flood" uuféncad depicted on figure
6.9. The aignificance of these "high flood" surfacas is discussed balow,

Ve
Krigotrom (1962) devipad a throe-part gonation of Icelandic dalsandar,

lator ondorsed by Church (1972) and Guatavaon (1974), The proximal zone . "
1& typically croseod by a fow mnin channels, often incisod; in the intare
modiate sona tharae ig oxtenasive brniding. with wida, ghallow channala; and
thn dintal gone is cspentially transitional to a dalta, baing covarad by .
a singlo shaot of waﬁo;. :On the "Upper Schei" sandur, areas corresmponding .

to Krigotrom's proximal and intermudiate iaﬁin can ba vecognised, and it

wae ponuible to aubdivido the intermadinto mona into araan entiraly active

il

. during high dilchurgu (approximntoly > 8,0 m3 8™%) and arcas only partly

ek e
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?qctivc (figurc'6.12). A true dintal zone was absent,

6, 2. 3 Techniqucs cmplqyeéQin tha dnalvais of cobblc-aize distribu:ion

In order to invcntigatc downﬂnndut variation in cobblc uizc for
different ﬁedimcn:ologignl cnvironmcnga, it was nccclnury to ¢
1. Establish a sampling —ga:tcrn that would p;rmit down-
anndur'va?idﬁicn'in:menn ¢last size to be didtinguished from -
variations bctwttnvdiffcrcn:'dapoaitional "snvironments",
2. Entablinh a aimple clnunificntion of "cnvironmcnts v
allocating each’ snmplc to a particular clnas.
3. Employ analytical techniques designed to separate doqn-
) .aéfiur trends in clﬁut-siic variation from variations
) attributable to deponition :n &iffcrcnt "cm;ironmcﬂtn".'
T A auitable.anmpling scheme wag cqtublihhed by lchlling five

cross-gandur ttnnssgcﬁ across the “Upper Schei" sandur estsblishing sam- -

pling sites at irregular interﬁnln along each transect {(figure 6.135. .Thé7-_

planimetric position and height of each pite was determined using a Ketrn

GKla level and Wild T.2 theodolite. Fach gite wos then assigned to one of

the depositional classes depicted on figure 6.14.” The main channel ()]

and main channel bars (Cz)‘nrena are &ctivc even at low (< 6,0 m3 -l) \

. discharges. The flood channel (F1) and flood chaﬂ%%? bar (Pz) sreas carry

wa&zg at highar dischnrgcs. ‘The "high flood" classcs (H; and Hp) refer

to arcas not observed to be nc:ivc during the 1974 season. These are
locntcd on the "placeau revealed by the third-order clcvaticn trend surface
(figures 6.9 and 6.11). The "high flood" area is probably only active
during extreme rainstorm or jokuthlaup floods, or may rcprcdcnf a recently-

~

terraced remmant, abandoned through avulsion of .the main channel.
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Figure 6,12: Zonation of the "Upper
Scheli Bandur'
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Figure 6.3 Clasaification of depositional "environments" (dingrammatic).

High flood channels

H
H; High flood channel bars .
?1 Flood channels
" F, Flood channel bara
C1 Main channels
Cz Main channel bara
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. . /,.\.
Similar "high £lood? aurfncel have been reported olucwhcrc (Church,
1972, p 109).. '

Allocation of cnch si:c to'a pnrticulnr ¢laos wao baged on haight
rclationuhipa with adjnccnt parts of the nnndur. Channels and barn were
distinguishcd on the grounda of morphdlogy and cnly well=dafined sitos
were pampled, The drnwbncka of the clnunification proccdurc are. acknow~ |
lndgcd ¢ the clnunificntiqn i:nclf-nimpliticn reality and the allocation
‘of aiteo il nocengnrily'nubjcctivc 4bu: an-apparently succensful precedent
cxistn in the wofk of Willinmn and Rust (1969) .

As traditional mathode tor obtaining mean cobblc nizc dntn {Wolman,
1954; Loopold, .1970) are cxconﬁivcly time-consuming in the finld,
aampling w@u carriad ou:'uning a phocogrhphic procedure devised ﬁy Church | ;
(1967). -Thip method 1s nummnrincd in nppcndix 2, In’ cho preucnt ntudy,
conrne clootos are defined go hnving lcngth o! 1ntcrmodintc (B) nxiﬂ
gran:or than 8 mm (=3 4), - o oo

Oncc the locu:ional nnd moan cobble nize dn:a hnd been rcducod

trend surface tochniques ware employed to model clnlt pize variation over

et e —— o o -

the sandur surface,’ nnd‘c;cnd ragidusle (Chorley end Haggott, 1965) werec

inventigated f4r each class of daposition@l "environment", Thc-quooqioﬂ'

arisen as to whether the cluatering og data along five tranuoc:i-wiil' .
affect the validity of Ehc :rcndrnurfaco‘fcchniqua-kcrny, 197?). :Howoﬁ;r,
as the "clusters' in the presont instance are nligncd-normni to the anti~
cipated (dawnnnndur) trend, the trcnd'in unlikaly-fo“bc distorted. Alao,

a apuriously high 1cvc1 of cxplnnn:ion 18" unlikuly to result from this

.

alignmcnt as the within-transect varistions in claot oizi

nro large.
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6.2.4 'Annlyuiu and Rasults

.
.

Both the first order surface of cobble size variation (figure 6.18),

with the equations

T = 70,88 - 0,10 X+ 0,04 x 10°% ¥ | (8.8)

(n = 0,684}

o '
where B 1s mean cobble size, and X and Y are or:hogcﬁul map co-ordiﬁntcn,
and the second order. surface (figure_é.i6), given by

F ow 66,08~ 0.10% +0.90 % 1070 ¥ + 0,35 x 1078 x2

-~
~

- 0,23 x 1072 XY + 0,20 x 1072 ¥% _ (8,7}

. _ . (= 0,624)

ahow a fairly regular dowﬁ sandur decreane in B, Howovér. thene surfacen
explain pnly 35.1% and 38.9% roopectively of the variation in mean clant

size, The third order surface (figure 6.17) with the equation

T m 127,60 - 170 X # 0,48 ¥ + 0,11 x 1077 x2
40,87 %100 %Y - 0,36 x 1077 ¥2 - 0,28 x 1071 X3 |
- 0.60 x 10°5 X2Y - 0.44 % 104 X¥2 +.0,27 x 1072 ¥3

(8.8}

{r = 0,867)

shows a "plateau” corresponding to the "high flood” areas of .the pandur. .
" Even this complex psurface explains only 43,2% of mean cobble pizd

variation, A further increase in explanation through the cmplofﬁéﬁt‘oi_

higher order surfaces will involve a trend pattern of utmost complexity,

|
probably defying interpretation.

e —
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Figure 6.165 Second
ordar trond surface of |
cobble size distribution
over the "Upper Schei" | <’/
nandur, .

0 .

(figuros in millimetres)

100m




S
.
SN
A

1oocm

\

SRk |

Figure 6.175 Third order

t;ond'ourfnco ot'cobblo
size diotribution over-
the "Upper Schoi"

sandur,

(figures in millimotres)

o T e e e e e e e




- ' e
/ . . ~ -
Analyais of rosiduals 1is normally accomplishad by inarithmic
mapping, but thig approach would have little meaning in the pragent in-

-

qtnnho as iparithms plotted in the bctwo&n—trannéct areas would have no
significance, An an alternative, thc.mcnn-tiruc -‘moéond.- aﬁd thivd~
order residuals for oach depositional "environment" have boén tabulated
:for,ouch of‘:ho five trqnnhccn }tnblu 6.1). A number of trands omerge:
- 1, C, oamplas nlmésc invariably diqﬁlny negative reeiduals,
wharaan C1 pamples have consistently pgaicivé roniduals,
" This implios that main channeal dc%onitu are coarser than
those containad in mnin chunnol bnr-. ll
2, The rnlutionnhip batween Hy and H, uamplan is nppurnntly
gimilar, nlchough insufficiont data is.available to
confirm thini : : ‘ :\
3, No pystematic relationship 1is cvident bctwccn_FI n;d Fa
samples,
4. The abnolute rosidual values on clagses Ci: Cé and Hy show
. a gcncrui dqwnnnndur decroass, indicating a decroaso iﬁ~
vntiqcibn batween classes. This may imply dovmeandur
iﬁcrcnnc.in tha ovcrnll‘dcgrco §£ gorting, WNo dowvmeandur -

+

decroase in absolute residual values is ovident for
. \ i : .
‘ classes Fp. and F3,

The reality of these trends is confirmod by plots of B ngninn:

'elcvation above uca-lcvol (figure 6.18) nnd agninnt distance moasured

“

nlong'the curve of the sandur from its apex (figurc 6.19). Boch=dingrnmu
!
indicnto a downoandur dogzgggp in ovaerall clast uizo variation, poopibly

ruflccting incrcnucd overall sorting, and the generally coarser nature of
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chnnhpl deposite vis & vis bar dapoaits. Regression of all bar samples

~

. . ) \
againnt distance from the sandur apex yialds

-0,00111D ' ,
i = 06,87 ¢ , ‘ - (0.0}
' (n=-0.700) - .
A steeper regroanion curve ¥
T w 110,17 70001800 | (6.10)

’ (1w ~0,067)

lo obtained for channal samples. The higher confficicnc and cxponcnc of

i in squation (6. 10) indicntcu that channel deposits display mors pro~
nouncod downsandur fining. The elimimination of all’ daponita axcapt types

C1 and C2 at the digtal ond of the eandur.(figures 6.18:and 6.19) is ona

'.nppnront rengon for the downsandur decroass in inter-sampls vartation.

Thrae gcnc:nl_conclusioﬁa emoerge from thie analysis 1

1, Coarse clant uiz#a oxhibit a general downsandur decreasa, but laas

“than 40% of total cobble size variation is oxplained by linenr or quadratic

. o
trend gurfaces of downsandur clunt piza docranuc. Tabulation of rnsidualn

indicatesn thnc n oignificant part of the remaining variatdion is explained

by differonces in clast nizc undor diffcting_dnpositionnl circumatancaen-

irraspoctive of distance from the gandur apex.
2. In genoral, chnnnnl dapouitn-nrc coarser than bar dopouita, Thin
tondoncy 1o marked for main channel and "high £1ood" doposita, bu: iu

innignificnnt for flood dapouitn.

3. Variation from tho moan cobblec uize decreases downsandur. Thin may

o

reflect improved porting or tho olimination of all dopositional classos
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except main chamnel types. : ’

6.2.5 Discussion

v

Doﬁnstream decrease of co?ble size 18 8 well-documeeced feature
of coarae clastic alluvial deposits, and appears to be prominent on
sandar (Church, 1972; Gustavsonm, 1974). HcDenald and Banerjee (1971) f
relate downsandur decrease in clast size to

",.. the cumulative effect of selective sorting processes

resulting from local variations in such hydraulic factors

as water velocity and depth; and che;r relationship to

. stream competence ..." .

./ (p 1288)
In particular, decline in.competence may be related te a parabolic
decrease in slepe (Church, 1972) and to decreasing depth as water -
becomee progressively distributed over the sandur surface (Krigstrom, 1962),
However the results of the present study indicate that a simple "down-
gandur fining" model only offers a partial explanation of the :otal
observed cobble-size variation, and that differing depoeitional circum-
stances, irreapéctive of distance downsandur, also account for a sub- | !
stantial part of total variation. In simple terms, cross~sandur cobbﬂe-
size variations may equal or exceed downsandur variations.

Two sources of cross—sandur cobble—size variation have been
identified : differences in the coarseness of bar and channel deposits;
agd/differences in mean cobble size between main channel and "high flood"
deposits on the one hand and flood deposits on the other. A difference in

the coarseness of bar and channel deposits s to be expected as a result

1

e ey e



of Smith's (1974) findings, that individual bars fine downstream but

adjacenﬁ channels do not, Thia pattern he attribucngto the lateral

migration of bars and deposition of smaller clasts during waning discharge. .

For the entire downsandur lemgth of a main channel, this pattern wili be
reflected in a sys:ematic decrease in mean cobble size in the channel
itself (the result of decreasing compecence, which in turn reflects
decreasing slope and increased dewnsandur distribution of flcw) whereas

no such systematic decrease will be evident from sampling several discrate
main channel bars. The lack of a diﬂcinct-déwnsandur fining trend améngst
flood channel deposits probably reflects. relatively uniform competence
_ amongst the streams occupying such qhannéls during peribds of high dis--
(chafge, in contrast to thé declining downsandur competeﬁée of main and
“high f£lood" channels. The abundance of sand and silt veneers in flood
cha;;;la suggests deposition under conditions of rapidly declining dis-
charge, |

The three-zone subdivision of dalsandar proposed by Krig;trgm
(1962) acquires new meaning in terms of the three channel types classified
above. In the proximal zone the "high flood" surface is best developed,
and main channels are incised. Flood channels predqminate in the inter-
mediate zone. As the distal zone 1s neared, "high flood" areas disappear
and the main channel becomes widely distributed. The successive down-
sandur elimination of "high flood" and flood deposits offers an explana-
tion for the marked decrease in inter-sample variation at the distal end

of the sandur. =

In summary, this study constitutes a first attempt at describing

and explaining the size distribution of coarse clastic sediments over
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an entire sandur surfacé in terms of different depositional “envi?onmcnts".
The results ind{icate that crcss-sandur variations may exceed downgandur
variatigps,'and that much of tﬁe former may be explained by ‘consideration
of differences befween chanﬁel‘nnd bar deposition in channels active at
extremely high flﬁu, high flow, and low flow, The successive downsandur
dominance of each of these three types may_provide the physical basis
for the chree-paft‘ﬂandur subdivision first proposed by Krigstrom (1962).

An observed downsandur decrease in cobble size variation may reflect

progressive elimination of all but low flow channels, and possibly implies -

improved downsandur sorting. The utility of such results in the study
of ancient or Pleistocene glaciofluvial sediments requires no emphasis,

but first they require refinement and confirmation.

6.2.6 Studies of relict sandar : introduction

The principal aim of the followiqg section is the comparison'of
cobble gize distribution over the surface of two relict sandur fragments
(I and II on figure 6.9) with that already described for the active
sandur surface. Such comparison may reveal something of the condit{ions

under which the relict surfaces were deposited. The development of

. earth hummocks and vegetation precluded similar investigations on the

surfaces of the large relict gandar of the Innuitian retreat phase

(chapter 3), but some sedimentolegical observations on one of these

features are presented in section 5.2.8,
Beyond the margin of the active "Upper Schei Sandur" are three
relict sandur fragments which lie appreciably above the present active

aurface yet are clearly incised into the lateglacial relict sandar. In

<
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chapter 3 these fragments were assigned a neoglacial Sge. This 1is borne
out by their fresh unvegetated appearance,
As a8 prelude to the study of clast size distribution on these
Yeatures, 1f is necessary to ascertain their contemporageity. This was
dome by levelling spot heights at the terrace margins, then plotting
these with reference to their positions relative to the present main -

channel. The result (figure 6.20) is =z profile showing conformity to
the power curve

a

4 = 0.00194p7 3% " (6.12) ;

‘ f

(r = 0.988) :

R

The equation for the long profile of the present main channel is !
K = 0.00045p7 566 (6.1) |

(r = 0,088}

The higher coefficient of D in equatfon (6.11) indicates that the relict e

. sandur was‘steeper than 1ts present-day equivalent. This is conf {rmed A
by elevation trend surfaces generatéd independently for two sandur
fragments and for the active sandur. The second order surfaces (figure

6.2i) show closer trend lines on the relict sandur than on the active '

-\

. - : a
surface, except in the extreme distal area. The second~order elevation :

!
I
i
i
i
1

explanation level exceeded 99% for Qll,these surfﬁceé.

Little downcufting of the."Schei‘Gorge" base level has occurred

since the deposition of the neoglacial sandur, which is graded to almost

4

the same level as the present. feature., It therefore seems likely that

changes in hydraulic regimebfather than changes in base level account for

R
b osT .
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6.2,7 Rcsulte and dnnlynis

Thc field and nnalyticnl procedurcs cmployed in the study of cobble
size distribution over the surface of thc relict sandur fraymcnts wvere
simian"to those used on the active aandur. Three transects with 15
sampling sites were cstablished for frngmcnt 1 (figure¢ 6,13), and a further
three Lith 16 sampling sites, for fragment II. Bar and channel deposits
were distinguished, and samp;ing wos carried out using the photographic
technique described in appendix 2., First - and second - order trend

\
surfaces of clast size variation were independently generated for each

L

frugmen1 (figureF 6.22 and 6,23).

;The first-order surface for the upsandur‘frngmentl

S Y

F o= 76,49 - 0.611 X + 1,484 ¥ (6.12)

(r = 0,788)

explains 62.31% of clast size variation, but the trend is to the sandur
margin rather than downsandur. This is less apparent for the second-

order surface

B = 118.23 - 1,387 X + 0.424 ¥ + 0.503 x 102 x2 |
- 0.22%x 107% XY + 0.488 x 1072 ¥2 (8,13)

(r = 0.840) i

which explains 70,557 of the variation. The first-order surface for i

fragment II
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Figure 6.22: First order trond surfaces of
cobble size diatribution for two relict
aandur fragmenta. "

(figures in millimetres)
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Figure 6,23: Second order trend surfaces of 201

cobble size distribution for two relict
sandur frégmontc.

(figures in miliimetros)
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1

|

B = 24.08 - 0.087 X + 0.096Y (6.14)

5 ' ' (r = 0,844

A

explaine 71.21% of clast-size variation and shows a marked size decreage
nwa; from the sandur apex., The second-order surface, with 77.13%

explanation, shows this trend more clearly, It has the eduation
B = 24,378 - 0,023 % + 0.104 Y - 0,176 x 70'3 x2

+ 0.661 x 1078 x¥ - 0,488 x 1078 ¥2, (8.15)

7/

’ The more pronounced‘downsandur decrease in mean clast size of
thg ralict fragments in comparison with the active surface (figures 6.22
and 6.23) is presumably related to the difference in slope, Much larger
(B = 800 mm) boulders are found at the apex of the relict sandur than
are aviaent on the active surface, This indicates deposition during a
period when competence (hence discharge) exceeded that of the present
day. This would be expected at a time of glacial retreat,

‘Tabulation of the mean first - and second-order reé@duals of bar
and channel deposits for each of the six fragment traﬁsects'(table 6.2) -~
reveaied trends aimilaryto those found for the active sandu%. Mean
channel deposit residuals are characteristicaliy positive, bag deposit
residuals negative, and the abgolute size of the mean residual% decreases
downsandur, These results indicate that mean cobble size tends\to be

-
coarser in channels and that sorting probably improves downsanddf.
The positive cerrelation between slope and cobble size s#ggesped
by the comparison of the reliet and active sandur’suffaces was fu;ther

tested through sampling mean cobble size in the "Schel Gorge", which has

an approximately linear long profile (figures 3.9 and 3.10). Samples
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TABLE 6.2

MEAN I’IRST- AND SECOND-ORDER CLAST SIZF RESIDUALS
e SV S VER Maol SILE RESIDUALS

FPOR _SIX CROSS-FRAGMENT TRANSFECTS

Dowvnaandur

Mean firat-order residuals

Transect 1 2 3 4

Bar ~23 » =23 - +13 =2
{n=3) (n=4} (nm=3) (n=5)

Channel +58 - -1 +24 42
. (n=2) (n=2) (n=1)  (n=2)

Mean second-order residuals

Transect 1 2 3 4
Bar ~34 -4 -1 -1
o (nm3) (n=4) (n=3y (n=5)
Channel - +51 +6 =2 +3

- (n=2 (nm2) (n=1) . (n=2)

¢
(n=3)

+3

(n-2).

(n=3)

+1
{(n=2)

(n=4)

(n=4)
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s
were moasured both ;?Bm_nétivc chennel and Tll;tcrrncc dbppaita, the
T,y terrace being correlative with the "Upper Schei" sandur fragmenta.
Although on1§‘cluven samples were memsured, the results (table 6.3)
‘augéost a lack of downstream fining 4n the absence of a decrease 1in
gradient. Again, channel deposlts waera consistently coarser than bar

deposits.

Infsummnry,'the ;esults of comparing the "Upper Schei' relict
sandur fr&gmcntégwith the activd.surfaca:emphnsiae the close relationship
betwaen sandur gradient and cobble-sizé distrib&tion ¢ the steepoer the -
slopa, the mo:@r;apid;che dovnatream fining of material. The coarseness

of the deposits at the head ofthe relict feature is attributable to high
’ o - R

water discharge during ice retreat from the neoglacial max{imum. As on
the active sandur, channel daﬁosits were consistently coarser than bar

deposits on the same cross-sandur transect, ' T

6.2.7 Sections through the "Endrick' relict sandur

As the digging of pits in active sandar is virtually impossible,
the examination of sections in palaeo-cutwash deposits provides the main
source of information-on_sandur strﬁtigraphy (Jewtuchowicz, 1953;
McDonald and Banerjee, 197ﬁ). Such investigationsiﬁave shown that the
predominant (gravel) facies display massive or crude horizontal bedding,
beds being distinguishable through differences in water-retaining
qualitien (Church;*%??Z). Sediments_fincr than ~3p (8 mm) may show more
complex'structures,/such as crogs— and parallel-stratification, and

ripple laminae (McDonald and Bancrjee, 1972). ) -

'

[



Upstream
Mid~gorge

" Downstream

-

- TABLE 6.3

"MEAN COBBLE SIZES IN THE "'SCHEI GORGE" (B in nﬂ:n)

Active Channel "Tll Terrace

Channel . ' Bar Channel - ‘ Bar

76.75 - 44.25 84.04 66.23
. B5:72 - :
.

32.90 72,15 66.93
43.24

oA

75:62
105.10
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Terrace scarps of the lateglacial relict sandar in the "Schei

River" basin are normaily-obacured by slumped material, but at the distal

end of the relict "Endrick” sandur rapid erosion thfbugh the development

of thermo-erosional nicheg has exposed several,fresh stratigraphic
sections (figure 6.24). Three prédomipant types of deposit were exposed
1. coarse unsorted gravels in a sanﬁy matrix; )
_ 2. horizontal oxr near horizoétal laminated sands,
silts and clays, often peafy Iin texture and
containing roots; and

.

3. Interdigitated sands and gravels.

Types 1 and 2;exfended uninterrupted over large areas of terrace scarp;
type 3 éxisted ih localised lenses.

’ Despite the complexity of the six sections depictéd in figure
6.24, 1t was possible to resolve these into a simple overall pattefn.
The western end of the scarp 1s characterised throughout by massive
depoéita of coa;se unsorted gravels in a sandy mattrix. This‘deposit-
tapers out eastwards between two strata of fimer material; sands, silts
. and clays. These fine deposits are further underlain by more coérsé
gravels, which in places contain lenses of sératified sands and gravels.

The deﬁositional sequence is interpreted as follows. During .

the main postglacial retreat of ice from the "Endrick" basin, a large

sandur predominantly composed of coarse gravels aggraded above .the valley

floor. Locally, stratified sands and gravels, possibly representing
bar deposites (Smith, 1974) were laid down. As the ice masses in the
"Endrick" basin attenuated, however, discharge fell and the eastern two-

thirds of the sandur were abandoned. The western third continued to

e el ks - -
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Figure 6.243

STRATIGRAPHIC SECTIONS BW/THE WENDRICK" RELICT SANDUR
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aggrade, however, causing a large ghallow pond to develop to the east,
In this pond, laminated deposits of sand, silt and clay accumulated,
with consequent plant colonization‘and peat formation. With the post-
glaciel downcutting of the "Schei River", the "Enérick" finally aban-
doned_the gandur surface and became incised along its western margin.
This incerpretakion is supported by the nature of the sandur ‘

o
surface. Above the western "gravel" area braided channel forms are

well preserved, but on the surface of the fine "ponded" material no such

braids are apparent (figure 3.6). It is concluded that ponding over

.

substantial areas may accompany sandur aggradation, such ponding being -L
B - . ]
analogous to the formation of sloughs and backswamps on the floodplains

of lower latitudes. In the study basin, evidence of similar pondings

‘was found along the western section of the "Lendal” relict sandur, . _ ;
2 N
indicating that damming by sandur aggradation was not unique to the '

"Endrick" basin, .



CHAPTER 7
CONCLUSION

Geomorphologists have traditionally perceived the high arctic land-
scape as dominated by glacial and periglacial procésses, and only recently.
has serious investigation commenced intb the role of post-pleistocene.
fluvial processes. 1In the present study, a fourfold approach ko the problem
of evaluiting the geomorphic role of arctic rivers was’ adopted, through
investigations carried out in the "Schel River” basin in the summer of
1974, The form of the lateglacial landscape was interpreted, to allow the
agsessuent of postglacial fluvial modification.‘ The hydrology of the ''Schei
River"” was studied in detail, then linked to measurements of sediment con-
centration to yield information én the nature and rate of sediment removal,
Finally fluvial landférms were described, with particular attention to |
sedimentary characteristics of‘sandur deposits.

The study of postglacial landscape modification ylelded interesting
information on local lateglacial history as well as indicating substantial
subsequent fluvial activity. Evidénce was found for two glacial readvances,
one of lateglacial (7,000 - 8,000 B.P.) age, the other possibly neoglacial.
Comparison of the lateglaqial and contemporary drainage networks revealed
basic similarities, except where the neoglacial readvance had disrupted
the earlier patterﬁ. Postglacial modification has consisted primarily of

vertical incision concomitant on rapid glacio-isostatic uplift in excess

A

of 60 m. This has resulted in the widespread terracing of eaﬁ%ier alluvial
A
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éeposits,-and the cutting of near-vertical gorges ;n bedrock. At one point,
the river has downcut 30 m through ccmpetent sandséones and sil;stones in
the ¢.7,000 years since deglaciation. H&wever, as the rate of sea—leQel
change is now minimal, it is wmlikely that such rapid vertical erésion
persists at the present time.

In 1974, flow on the "Schel River” commenced on June 22, and
maximum diurnal discharge increased steadily to a peak of c.17 nds~1 at
‘the height of the snowmelt freshet on July 12. Similar discharges were
recorded during warm weather at the beginning of August, and high (> 7 m3 5'1)
discharges were measured as lale as August 18, when recording ceased. Totai
discharge during the period June 22 - August-iB was calculated to be
c.19.5 x 106m3, of which 557 was supplied by glacier melt, 357 by snowmelt
and 107 by summer precipitation. The main nival tributary, draining 32.8%
of the basin, supplied only 14.6% of total discharge; in contrast, a glaéiai
tributary draining 10.3% of the basin a;ea supplied 28.3% of total discharge.
The dichotomy arose from the depletion of runoff inputs in the unglacierized
portion of éhe basin after the termination of the snowmelt freshet. Runoff
from glacial streams, however, responded to high radiative and ;emperature
inpues throughout the entire runoff period.

In common with other streasms nourished primarily by snow and ice

melt, the "Schei River" evinced an oscillatory response to diurnal fluc-

tuations in radiative and temperature inputs. The mean lag of peak diurnal

discharge behind peakgdiurnal net radiationm was 5.2 h. Time of diurnal
peak diacharge for the main glacial tributaries advanced progressively
throughout the early part of the runoff season, due to the Increasing

efficiency of the supraglacial drainage network. In contrast the time of

WL T
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maximun diurnal discharge on the principal nival tributary was progressively
retarded as sources of meltwater retreated to higher parts of the ice-free
bagin. The magnitude of river response to rainfall on unglacierized terrain
was apparenﬁly dependent on antecedent mbisture conditions in the active
layer. :

The main tributary of the "Schei River" flows along and under the

glacier margin for much of its cqurse. The ponding of water behind

collapsed ice at the glacier margin represented a considerable hydrologic

: haéard, as sudden floods of unpredictable timing and magnitudé Tesulted

from the breaching of such ice dams. Ome such floed was resp?nsible for

f
38-1- !

the maximum recorded discharge of c.24 m
The concentration of dissolved solids measured in the "Schei River™

in 1974 ranged from 15 to 97 ppm, with a mean value of 29 ppm, composed

almost entirely of CaCO3 and MgCO3. The range of concentration of suspended-

-1
inorganicas was 5 - 2,204 mgl . Total dissolved load over the period Jume

22 to August }8 was calculated to be 1517 métric tonnes {= 16.6 t km“2 or

25.8 t et per unit ice-free area). Totalisuapended load was 6.7 times

| L

i _2 _
greater, being 10,251 metric tonnes (= 112.4 t km or 174 t km 2 per unit
i

ice free area). Dissolved concéntraticn exﬁibited'an inverse Honlinear

relationship with discharge, such that discharge increase was more rapid
’ )

than concentration decrease, but the felatiohhhip betiween discharge and con-
I

[
centration increase for suspended sediment was near-linear.

A very high proportion_of¢;otal 1oai‘was supplied by the glacial
tributaries, largely reflecting the higher discharge of these streams

|
vis & vis the main nival contriburant, especially after the termination of

the snowmelt freshet. Much of the dissolved and suspended load carried by



. | | 212

the glacfial streamé was provided by meltwater erosiﬁn at the glacier snout,
The most distinctive erosional forms in.the "Schei River" basin‘
are deep gorges cut in competent bedrock, the formation of which 1is attri-
butable to'erosion by lateglacial meltwaters at' a time of rapid'isostatic
recovery. The dominant small-scale erosional landform is the thermo-
erosional niche, development of which was reSpons;yle'for terrace erosion
of 4.5 m y'l in; one area, Sandar constitute the most imﬁortant deposit-
ional features in the basin. Analysis éf cobble-size distribution over
the surface of a small sandur revealed that a simple dowmsandur-fining model
i3 ipadequate, and that depositional circumstances are important in_acc;un-
ting for clast-size distribution. Chamnel deposits were almost invariably

coarser than nearby bar deposits, and homogeneity of cobble size increased

downsandur. Similar trends emerged from analysis of cobble size distribution

on steeper‘felict sandur fragments. Examination of sections im relict
sandar revealed that large pondings may develop du;ing sandar aggradation.
Although the approaches adopted in tﬁis study Qere somewhat selec-
tive, a common leitmotif is discernible in the results obtained. Post—
glacial fluvial incigsion into bedrock, a hydrologic regime involving rapid
fluctuations in dchharge, the erosion of large quantities of material at
the glacier margin, the;tfansportation of large amcunts,of sediments in
solution and suspension and the deposition of coarse cfaatic_debris in
widespread sandur surfaces all evidence the findamental role of rivers in
reshaping the postglacial arctic landscape. To describe rivers as the
most important high—latitude geomorphic agents would be an overgenera-—

1lization; but of all the contemporary processes operative in the arctic,

those associated with river action are certainly the most dynamic.
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i - APPENDIX I

 RATING CURVES OBTAINED
FOR THE SCHEI RIVER GAUGING SITES

i

]

. The rating curveé for the Schei River gauging stations (Figure

A.1.1) were established by obtaining a serles of stage-discharge relation- .
]

ships for each“s;;g¢_;§ﬂis was done in two ways. Low values of discharge

i

. (normally less than 10 m3 3"1) were measured using rotating-cup current

meters. This method utilises the relationship

R = vL (A.1.1)

1

where @ 18 mean stream discharge in'm3 s-l, v 15 mean velocity in m s -,

and 4 1is submerged cross-sectional area of the gauging section in mz. The
"gix-tenths" methods was employed (Church and Kellerhals, 1970}, Lhereby

a number of velocity readings are made across the stream at a dépth which

is 0.6 of/total‘depth (3} for that point, as measured from the surface.
Each velocity (B;/;nd de?th (3) reading is assumed to be representative

of mean velocity and depth over a certain width {wv) of stream cross-section.
Each value of w is bounded by the midpoints between one velocity-depth |
measuremeﬁt‘point and adjacent measurement points, or by the midpoint with
one adjacent.point ard the stream bank in the case of the first and last
measurements across a section. When 7 velocity-depth measurements are

nade, then

n ' . )
¢ = I Wz vz . 'L(A.1.2)

~

—
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Velocity ﬁas measured-over 60 éeconds.' Th; number of measure-
ments made per single stage value normally ranged from 12 to Zd.Hglthouéh
as few as S hegsuremeuts were -made during pericds of low stage om Endrick
Creek and Lendal Creek. Church and Kellerhals (1970) show that discharge
values obtained with 8 readings are liable to'an outside eéror of * 15%;
with 12 readings, * 9%; with 20 readings, * 7%. With more than 20 measﬁre—
ments, decrease in outside error 1s minimal.

The stage-discharge relation for high values of discharge was
oﬁtained using slug injection dilution éechniques employing 20%

Rhodamine WT dye, in the manner described by Church and Kellerhals (1970).
Four high-discharge points on the Upper Schel River stage-discharge rating
curve were obtained using an integrated sampling technique: 50 ml of dye
were injected 900 m upstream of the saﬁﬁling point, and 26 2 dram samples
were collected at two minute intervals from the time of injecti&n. The
samples were mixed, the integrated simple concentratdon was measured using

a fluorometer, and discharge was calculated using the equation

where S is the volume of dye injected in 1, cq 18 the initial concentration
of dye {202), c, is the mean concentration value of the sathe, and t is

the samplihg period,

A non-integrated sampling technique was used to obtain some of

the points on the Schel River rating curves. In this case dye was slug-
| :
injected 400 m above the sampling point and s?mples were collected in 2

dr vials at intervals of 15-300 seconds for 30 minutes after the time of
\

injection. Each sample was analyzed individually on a fluorometer, and a
- 4 8

(A.1.3)

PRUEIEE SUESEPE FEREEE
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time versus dye concentration graph was drawn from the resuléé. Discharge
was obtained using the equation -

i 501

Q = y72

(4.1.4)
where S and ¢q are as for equation A,1.3 and A is the area under the time

concentration surve, given by

t

- A = ftf e(t)dt - o (4.1,'5)

'_ where ti is initial sampling time, #f is final sampling time and ¢ is
concentration. The termsﬁa and b 1in equatioﬁ A.1.4 are corrections for
graﬁh séales;l Sources of error for these techniq;es have been discussed
by Church-and Kellerhals (1970, pp. 50-55, 68-69, 72).

The derived rating equations, together with the number of rgting
points and the correlation coefficients'fbr‘éach eqﬁation have been given

in Table 4.2. /

REFFERENCE

Church, M. and Kellerhals, R., 1970. Stream Gauging Techniquea.for'remote
areas using portable equipment. Inland Waters Branch, Dept. Energy,
Mines and Resources, Tech. Bull., 25, B9p.

o
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APPENDIX 2
COARSE SEDIMENT SAMPLING PROCEDURE

The established sampling procedure for obtaining mean gpbble aize.
data for coargefclastic deposits involves the—}andom gelection of a suitable
number of clast samples at predetermined sampling sites and measurement of
the principéi axes of each samp;e (Wolman, 1954; Leopold, 1870). These
measurements are then employed té compute representative mean values for
eachieite. This technique 1is however excessively time-consuming in the
field, and for the preéenc study a more rapid photographic procedure devised
by Church (1967) was employed to obtain mean cobble size data for the
"Upper Schei” sandur surface.

Chufch's method invblves tbe-random.placing of a sampling quadrat
(in this case 1.0 m square) on the sanduf surface at predetermined sampling
points and photographing this grid from ?negr) vertically overhead, In
addition, the intermediate or B-axes of cobbles in thg grid at a number of
repregsentative "control" samples are measured. For the purpose of analysis,
coarge clastic material is considered to have B-axes greater than -3 ¢
(8 mm). L8 “ -

 Analysis of this primary data to obtain mean cobble size for each-
aite is based on the assumption that the number of cobbles counted id each
quadrat bears some systematic rélationship to mean cobble sizéT This
relationship 18 established using the "control™ data (table 4.2,1) to create

a "control” curve (figured.2.I)for mean cobble size against number of

217
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‘cobble cover (A,) by planimeter, then adjusting the counted number (n) of

“to counting clasts which do not appear on the photographs, poof photographic

- 218

!
, . &
cobbles. The establishment of a control curve 1s however complicated U;

a number of factors. Many quadrats contain zones of surficial material of

‘less than -3 ¢, and an area adjustment must be made to account for such

zones, This 1s done by measuring total quadrat area (4,) and area of

cobbles, such that

‘

W

_ n At (A.2.1)

Pad; T A - . :

Further difficulty arises from the fact that the number of pebbles counted -
4

in the field i1s uhlikely-to equal the number measured.on a photograph, due

.

i
resolution and counting errors. Hence the control curve measured dn the
field, expressed as the regression

-0.12

3.312 n __ L (4.2.2)
' adj .

Log B

|

(r = -0.875)

differs from that for the same samples measured from photographs, expressed

by

{A.2.3)
(r = -0,987) '

_ -0.28
Log B = 6.6217 ;.
Mean cobble size (B) values were cbtained for all of the "non~control”
samples by counting the number of pebbles (n) in the photographed quadrats,
measgsuring AT and A, for each photograph by planimetgf, calculating nadj‘

by equation (A4.2.1) then substituting this value into equation (4.2.3).
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Table A.2.1

Control data for cobble size analysis

Quadrat Arca Measuréd Courited Measured Counted Measured Calculated

Numbegf’ Adjustment n - n n n mean(B) mean(B)

N ' ‘ adj adj =~ mm. mm.

1.1 467 34 33 49.9 ,”ff;f:___,%57'48‘ 162.97

1.9 .067 104 251 110.9 267.8 58.24 59.06

2.4 .593 188 236 144.9 375.9 44 .46 44 .29
- - o

3.3 .658 - 61 145 101.1 240.4 57.70 60.77

" 3.15 .000 132 264 132.0 264 .0 42.55 44,66

A ) f
4.7 .294 127 388 164.3 502.0 36.70 38.63
AN : . )

5.6 .000 228 773 228.0 773.0 30.35 28.04

R2.3 .000 7 260 117.0 240.0 56.70 55.61

R4.3 .352 145 359 196.0 485.3 31.52 32.39

RS.2 .308 109 1136 360.5 3757.9 18.31 18.77

R6.2 .070 127 790 262.8 1635.3 23.35 24.62

Gi.2 .027 97 - 135 99,7 138.6 76.75 66.85

G3.1 .096 86 Y 94.3 74.5 75.62 71.42
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Mean cobble size (B) in millimetres
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