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bar surface. This may lead to the development of erosion scour chutes 

which dissect the bar edges (Fig. 5.6,b) and with further development 

may form minor channelways through the bar, dividing it into a number 

of components (Fig. 5.6,a). Rapid alterations in the morphology and 

type of the bars can occur during the flood periods, with only the 

resultant form emerging after the flood peak(s). Complete depositional 

forms (unit bar) are rare over the Schei sandur, usually only being 

present as submerged, active bed Unit bar types are suggested 

to occur as a potential complete bar form for a short period of time. 

The majority of bar forms occur as some alteration of the unit bar 

type, which causes diversion of flow while submerged or exposed, and 

leads to a braided pattern. 

To examine changes in bar type, development, and location 

in the upper sandur area (see Fig. 5.2), plane-table maps of an active 

channel area were surveyed during the spring flood period of 1974. 

Rapid variations in flew conditions produced difficulties in traver­

sing and mapping, preventing the monitoring of detailed changes. 

Only initial and final bar configurations were mapped over the period, 

during the occurrence of relatively low flows. The net change in the 

bar survey area is illustrated in Figure 5.7. The most significant 

changes over the season occurred during peak discharges of the 

snowmelt freshet and late season glacial peak, with considerable 



a. Detailed complexity of bar types and chutes in the medial portion of 
the Schei sandur. 

Considerable temporary storage of coarse sediment 1 occurs as bar forms. 
Note the fine material storage in the foreground, which was carried in 
suspension at high flow and deposited along the edge of the bar during 
decreasing discharge. 

Figure 5.6 a-b Detailed bar morphology on the sandur. 

b. Close-up view of chutes 
developed on the edge of 
the bar. 
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SURFACE AND STREAMBED CONTOURS 
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SURFACE AND STREAMBED CONTOURS 

contouT inteTva/ r 10 cm -- m as/ 

WATER SURFACE CONTOURS 

contouT . inteTval r 5 cm 

m 

compute' fitted contouT sudace 

ID 
m 

computer fitted contour surface 

Figure 5.7 Survey results of the change in bar form during the 
latter part of the snowmelt freshet. 
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alteration in the bar form occurring between the original and resultant 

forms during the mapping sessions. 

Between 11 and 19 July, 1974, erosion and deposition in the 

survey area developed the initial spool and left diagonal bar types 

into a temporary spool bar at high discharge conditions. This pro­

bably reflects an adjusted form due to geometry and friction factor 

alterations at these flow conditions. Further channel-bar alterations, 

channel bank erosion, and sediment reworking during the latter stages 

of the spring flood eventually transformed the spool bar into a point 

bar deposit (see Fig. 5.8), concurrent with a significant lateral shift 

in the main channel. Although considerable bar material was reworked 

and transported out of the survey area during the flood period, the 

bar location essentially remained stationary (an observation similarly 

noted by Church, 1972). Church (1972) suggests that bar stability in 

many channels reflects equilibrium with the water and sediment flow 

conditions. 



Figure 5.8 
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12 July -
Left diagonal and 
spool bar types at 
1 ow f 1 ow du ri n g 
snowmelt freshet. 

a. 

13 Ju 1 y -
Temporary unstable 
spool bar type at 
low flow. Developed 
from previous bar 
type. 

b. 

20 July -
Point bar type 
which developed 
following the 
snowmelt freshet. 

c. 

Channel bar changes at the channel bar survey site, 1974. 



5.5 SANDUR CHANNEL CHANGES 

Profiles across the active surface of the upper sandur area 

were repeatedly surveyed during the 1973 and 1974 seasons, to obtain 

some measure of the local variations in depth of scour, accretion, 

and cross sectional geometry. Survey results of the cross profiles 

(Cl, C2, C3, and C4) are illustrated in Figure 5.9 (for the location 

of the profiles, see Fig. 5.2). 
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The hydrologic event associated with the considerable 

alterations in channel geometry and reworking of sediment between 11-14 

July and 9 August, 1973, evident in profiles Cl to C4, was the extreme 

rainstorm of 22 July, 1973, which produced very high stream discharges. 

Minor changes also occurred with the higher flows associated with the 

13 July rainstorm. All cross-sections reveal a lateral shift in the 

main channel due to adjustments during the high flow conditions of the 

22 July flood. Changes in the area of each cross-section during the 

period from 11-14 July to 9 August are given below: 

Section A (m2) 

Cl - 3. 1 

C2 - 2.8 

C3 + o.8 

C4 - 8.7 



Cross Section I 

; 
I 

July II, 1973 

Auoust 9,1973 

Auoust 9,1973 

July 9,1974 

I 09 

,.~---.... / 
:·· --....,, I '- / 

-~ __ , -.... J.-;.-:-:,..-T.:"":'.~-- -4...:..:.."" ' ..... ,1 .... '"" .... -~-'-~···;.·"'- ·• ...... -~'.,;.a~ ~·.:.:~---- \ •• ,- ., , 
·-' ··~ I .• ,..) :.\ t 

3 

2 
{ml 

.......... I ··-~- ..... !.:" 
·-~:-} 

July 9, 1974 

JIJly 31, 1974 
........... ······ .... 

.••.•...•... ·· ..•• ..•• j .. •··· •. .• •. . 
.... ..... , ... ., .... \:.:.:...... ... /':~·."¥·············\:;;,::···..;·~\ .......... _ .... ;-.,.··· .......... . .. 

·· .. : ., 

20 
(m) 

Scale 

.... 

V.E. 8x 

40 60 
July 11,1973 
August 9,1973 

~ 

Auouat 9,1973 1" 
I 

July 9,1974 j 
I 

········. ..····(1 - or-- .•>O'.,·:.a.,.-----~.. ,I 
......... ··: ....... ···...... ~, =·· ........ · .. :::i:.·~:.c. .... J~..... "7..:.·;~:~""-·' 

\ ........ _.;_ .," ·· ............. ..___ 

July 9,1974 

July 31,1974 

t.:....... ..... . .... ···· ··. 
\::.:,. •• \,lo'::..• ..•.•. ..... , .. \ .• \. . .... , •.. ""':'::.::-...... :"· .. :' . •. . . . • ••. 

. t">·~:~._! 
\.; ...... ,;.· 

Cross Section 2 

.. .· ... 

: ...... 

Figure 5.9 Changes in cross profiles (Cl, C2, C3, C4) across the 
main channel(s) of the upper fan portion of the sandur 

over the two field seasons. 
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Overall the figures revealed a net loss in material over the short 

term, but may not be indicative of longer term trends (see Fahnestock, 

1963). A resurvey, on 9-10 July, 1974, revealed that only minor 

erosional and depositional redistributions of sediment had occurred 

during the latter part of the 1973 season, and early part of the 1974 

season, although significant accretion had occurred at profile C2 

during the early phase of the 1974 spring flood. 

The period between 9-10 July and 31 July, 1974, was 

characterized by local changes mainly due to the high flows of the 

latter part of the spring snowmelt freshet (especially the ice 

ponding and release effect on 12 July). Extension of the end marker 

of profile C2-3 was required, due to continuing bank erosion at this 

locale by flow deflection in the channel bar survey area. Generally 
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it may be concluded that continuous small alterations occurred through-. 

out both seasons, but that the more significant changes were restricted 

to higher flow periods. 

In plan view, the pattern change in the upper sandur 

detailed study area mainly due to the rainstorm flood of 1973, and 

encompassing sections CJ to C4, can be seen in Figure 5. 10. The 

period covers the first two cross section survey periods, between 

6 July, 1973, and 11 July, 1974. The channel shift from its old 

course occurred during the peak flow period of the rainstorm flood, 

when the main portion of the Schei River was deflected during channel 
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adjustments. The former main channel zone may have partially been 

built up above the adjacent areas on its own sediments, leading to 

avulsion as a mode of channel shifting. More probable was the 

occurrence of an overloading in the calibre of the sediment load, 

exceeding the competence, and resulting in an unloading and diversion 

of flow into a new pattern. The channel filled probably during the 

final stage of the flood event, dumping a considerable amount of 

coarse bed load material on the bed which was then infilled with 

sand size sediment carried in suspension (Fig. 5. 11). 

Shifts in the main channel, whether minor or considerable, 

are usually associated with flood events, which although variable, 

appear to occur on the Schei River on a number of occasions during 

the course of the runoff season. Large portions of the active 

surface area of the sandur are inundated for short periods over the 

summer. This reflects the regular occurrence of the spring flood, 

and with warm climatic periods of considerable duration, the 

occurrence of the late season glacial runoff peak. Highly variable 

extreme rainfall flood events, and in the special case of the Schei 

River, ice ponding and release floods, also provide an impetus for 

sediment reworking and channel pattern changes over the sandur. 

The braided stream system of the Schei sandur reveals a 

pattern whereby a single channel carrying the bulk of the sediment­

water load in the proximal area (see p.123), transforms into a 
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Figure 5. 11 Lateral shift and channel fill of 
the main channel in the proximal 
portion of the Schei sandur. 
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Hain channel prior 
to lateral shift 
due to the 22 July, 
1973, rainstorm 
flood event. View 
looking downstream, 
adjacent to cross 
prof i 1 e Cl. 

a. 

Channe 1 f i 11 
deposit of coarse 
sand and gravel. 
The main channel 
was slightly less 
than 1 m. deep. 

b. 



detailed complex pattern in the medial zone and eventually rejoins 

into a more distinct pattern of one, or several, main channels in 

the distal zone. 

The variability of the channel network over the sandur 

during the 1973 and 1974 seasons can be illustrated by comparing low 

altitude aerial photographs taken in July of both years (Figs. 5. 12 

and 5. 13). The greatest change in channel pattern occurred during 

the 22 July rainstorm flood in 1973. In the upper proximal zone, 

the areas affected are usually immediately adjacent to the main 

active channel area. The medial zone appears to be an area where 

considerable reworking of sediment during high flow conditions 

affects almost the entire active surface. Highly complex braiding 

and minor channel fanning begins at the head of the medial zone, and 

reveals the greatest alteration in a complete channel pattern change 

and redistribution of material. In comparing the 1973 and 1974 

aerial photographs, it can be seen that channel shift in the upstream 

area has forced an alteration and shift in the downstream channel 

segments of the medial portion of the sandur, although the lower 

distal region appears to be relatively unaffected by these pattern 

changes. The rapid modifications are more inherent in the smaller 

channel bars and channel segments of the medial zone. This· complex 

pattern at low stage levels, reflects hydraulic adjustments during 

high flow conditions. The greater preponderance of minor channels, 
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SCHEI SANDUR : scale approximately 1:10000. uncorrected photo. flown July, 1973. 
photograph number A30858-15. National Air Photo Library. Surveys and Mapping Branch. D.E.M. R. 

Figure 5. 12 Schei sandur : showing the channel pattern in July, 1973 at low flow. 

Discharge approximately 2 m3s-l 



SCHEI SANDUR : scale approximately l: 10000. uncorrected photo. flown July, 1974. 

photograph number A23942-152 & 3. National Air Photo Library. Surveys and Mapping Branch. i), E. 11 . R. 

Figure 5. 13 Schei sandur : showing the channel patt ern in July, 1974 at moderate f low. 

Discharge approximate l y 12 m3s- 1 
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and a lack of well developed major channels, suggests that the 

establishment of complex minor channels is an equilibrium network 

adjusted to the hi9her sediment-water conditions during the flood 

period, with the subsequent readjustments of a number of major channels 

in this zone not fully developed. This present pattern should be 

viewed as a temporary network, where the minor complex channel segments 

were developed at flood conditions, with a higher total resist~nce to 

flow determined by the size of the bed and bank material and slope, 

but more efficient to carry the imposed sediment and discharge loads. 

Geometry adjustments and associated change in resistance conditions, 

with possible deposition of material (depending on the state of flow 

and load conditions), gives rise to braiding processes and the re­

distribution of material over the sandur, and hence an altered 

channel pattern. 

The main channel zone axis has now shifted towards the 

southern margin of the sandur, and may possibly continue this trend 

in the near future, although the upstream control of the channel 

pattern in the proximal zone, morphologically may enhance a restriction 

of lateral channel movemP-nt, and hence possibly restrict lateral 

channel development in the lower medial zone. The downstream control 

in the distal zone similarly reveals a restriction in lateral channel 

movement due to older terraced material. 
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5.6 LONG PROFILE ANALYSIS 

Long profile measurements of the Schei River were surveyed 

in 1973 and 1974, with heighted points at 20 to 50 m intervals. Water 

surface elevations were obtained from the Schei-Sverdrup confluence to 

the lower part of the gorge in the Upper Schei River in 1973. lnabi lity 

to traverse through this upper gorge of the Schei River prevented 

further extension of the profile line. Both measurements of water 

surface and stream bed elevations were taken in 1974. Figure 5. 14 

illustrates the results of the long profi Jes. 

Analysis of the long profile of the sandur section, 

surveyed in 1974, reveals that this lower part of the Schei River is 

concave and can be approximated reasonably well by a simple exponential 

equation of the form: 

y = (V.5) 

Where Y is the height above sea level (masl) and xis the 

distance (m) from the Schei-Sverdrup River confluence. 

The computed equation yielded: 
.0004 x 

Y = 0.995 e r = .97 (V.5a) 

The exponent in the equation suggests a tendency towards a 

more linear form in this case. 

The more complete profile surveyed in 1973 shows that 

different reaches exist along the entire river, with one reach 
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Figure 5. 14 Longitudinal profiles of the Schei River surveyed in 1973 and 1974. 



essentially being rectilinear in form. Upstream of the gauging site 

the river flows in a constricted single major channel, entrenched 

through a confining hogback ridge (distance 3200 to 4800 m). This 

linear reach of increased slope suggests that the Schei River is 

competent to carry the total sediment-water load supplied upstream 

through this section of bedrock outcrop, and will continue to remain 

a stable segment under the present conditions. This section should 

show a restricted particle size decrease downstream, as suggested by 

Mackin (1948), (for a more complete discussion see Church, 1972). 
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Upstream and downstream of this constrained reach a change 

in flow pattern occurs, as flow is braided in wide, shallower channels. 

These reaches appear to have a more exponential form and a reduction 

in slope downstream, although the effect is not as clear for the 

lower section of the long profile in 1973. 

The difference between the exact form and horizontal length 

of the lower segments, surveyed in 1973 and 1974, is due to a radical 

alteration in the channel pattern during the concentrated flood event 

which occurred between the two years. The major channel of thP- sandur 

reach which was followed in the long profile surveys, occupied a more 

direct and shorter route to the Sverdrup confluence in 1973. A 

definite break occurs in the lower portion of this segment where the 

major channel is eroded into older terrace and/or estuarine deposits. 



The nature of the material and vegetation probably accounts for 

increased channel stability and differing sediment transport charac­

teristics through this segment, resuiting in the break and increased 

slope, and hence a local departure from an exponential profile. The 

major channel as surveyed in J97L~ was not only longer but followed a 

distinctly different route over the active sandur surface. The 

exponential form suggests that flo~t divergence in the braided channels 

and decreasing total load would result in coarse materials being 

preferentially and systematically deposited downstream, and lead to 

a concave long profile. Although a change exists in the actual 

characteristics of the long profile in the lower braided depositional 

reach, the similar forms over both years indicates that the profile 

is apparently stable. 
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5.7 FORM OF THE SANDUR SURFACE 

The sandur surface is largely composed of gravel and 

cobble sized material with a considerable sand matrix. The surface 

(see Fig. 5. 12) shows actively braiding channels and bar areas, with 
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no vegetation occurring in the active portions of the sandur, Minor 

channels become more numerous but less well defined towards the lower 

fan area. Braiding also becomes more complex, and subsurface seepage 

evident in the lower fan area. Former channel traces are more distinct 

in the mid-fan and upper fan portions of the sandur. 

Krigstrom (1962) subdivided a sandur surface into three 

zones, based on differences in the nature of the deposits and braiding 

behaviour: 

1. The proximal zone, characteristic of a few main channels which 

tend to be relatively deep and well-defined. 

2. The intermediate (medial) zone, possessing numerous braiding 

wide and shaliow shifting channels, typifying channel behaviour 

in a sandur, 

3. The distal zone, which is characterized by a shallow sheet flow 

of water to the sandur delta area, with a few deeper main channels 

occurring. By definition, the distal zone does not occur at the 



lower segment of the Schei sandur and is taken to represent in 

this context the lower portion of the sandur where the flow is 

carried by a number of deeper main channels in sand and gravel 

material over a relatively shallow surface gradient. 

The sandur surface long profile is concave, similar to 

that of the water surface and bed profiles of the river (see Figure 
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5. 14). This simple exponential form may be approximated by an equation 

of the form 

y = (from V.5) 

The long profile of the Schei sandur is similar to that reported by 

Fahnestock (1963) on the White River dalsandur, Church (1972) on the 

Lewis River sandur, and the Hoffellssandur (Sundborg, 1954). 

The cross profile of the Schei sandur is relatively level 

in the proximal zone below the hogback rid9e, but becomes more upwardly 

convex in the mid-sandur and, to a lesser degree, lower sandur areas. 

This is due to the greater freedom of the channels to migrate laterally 

and build up the central part which is occupied most frequently by the 

major channels. This process eventually leads to avulsion and a 

shift in the channel pattern. The major channel area presently occupies 

the central portion of the sandur along the convex axis. Up to 1.5 m 

difference in height can occur between the central portion and margins 

of the Schei sandur, due to the channel sediment buildup. 



5.8 DISTRIBUTION AND TREND CHARACTERISTICS 

OF THE SANDUR SURFACE 
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Church (1972) suggested that a number of sediment character-

istics change down-sandur. Conceptually, changes which should occur 

include a reduction in the size of the surface material, related to a 

downstream change in the gradient from decreasing competence, and an 

increase in sorting due to abrasion and selective transport. 

In order to investigate and distinguish any systematic 

change in the sediment distribution pattern over the active outwash 

surface {see Fig. 5. 15), the mean size of the coarse materials and 

the local topographic elevation were examined on a comparative basis. 

These aspects, resulting from transport processes occurring under an 
, 

arctic sandur environment, were studied from the proximal to distal 

portions of the Schei sandur. 

Fahnestock (1963) and Boothroyd (1972) have both reported 

a relationship between particle size and slope plotted in a downfan 

direction; Fahnestock for a dalsandur, and Boothroyd for a slattlands-

sandur. 

The local topographic elevations and mean size of the 

surface materials of the Schei sandur were measured at 53 sample sites 

in a predetermined, systematic, orthogonal grid pattern, superimposed 



Figure 5. 15 View of the Schei sandur where the sediment distribution study was undertaken. 

View looking west and downfan, towards Vendom Fiord. 



over the sandur surface (see Fig. 5. 16 for the sample locations). The 

sampling network consists of approximate 200 m intervals downfan, and 

100 m intervals in a transverse direction. Minor variations in the 

sample site positions across the fan were due to the original site 

being occupied by an active channel. In these cases sites were 

selected as close as possible to the original location on surficial 

deposits adjacent to the channel. 

The elevations of the sites were surveyed using a Kern 
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level, and referenced to sea level. The mean size of the coarse 

sediments were obtained from measurements of clast size on photographs 

taken of the sandur surface, defined by an approximate I m square 

quadrat frame placed on the surface at each sample site. (See appendix 

A for a discussion of the technique used). This procedure was adopted 

as a suitable alternative for obtaining the mean size of coarse material, 

to the normal method of sample collection and principal axis measurement 

of clasts at each site, according to a randomized procedure such as 

Wolman's (1954) method. Each surficial deposit was assumed to be 

homogenous, with the surface sediment corresponding to the underlying 

material under investigation (i.e. no population difference). 11 Coarse11 

clasts were taken to represent mdlerial greater than 8 mm b- axis 

length. This division between coarse and fine material was adopted 

to reduce the number of clasts to be counted and measured at this 

lower limit, and thereby allow the sampling field procedure to be 

brief. 
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The overall mean of the 53 mean sample sizes for the entire 

+ 
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sandur is 20. I mm, with a standard deviation of - 4.8 mm. The means of 

the individual samples ranged from 13.4 mm in the distal portion of the 

sandur to 35.0 mm in the proximal end. Although this range in the mean 

size of the coarse materials over the sandur is not overly large, a 

considerable range occurs in the size of the largest cobble found at 

each site. This varied from 30.0 mm, in the sample with the smallest 

mean size in the distal area, to 210.0 mm in the sample with the largest 

mean size in the proximal zone. Large relict boulders are also common 

in the proximal area at the apex of the sandur. (Fig. 5. 17). 

Trend surface analysis was applied to the elevation and 

sediment data in order to separate the regional and local components 

of these parameters. The analysis involves regressing the dependent 

variable Z on two independent variables X and Y, which are the discrete 

location coordinates of the map area. In equation form the trend 

surface is of a modified form (Krumbien and Graybi 11, 1965): 

z .. 
I J + e·. IJ 

Where Zij is the observed value of the dependent variable at 

location (Xi ,Yj), a (Xi ,Yj) is the trend, and eij is the 

residual. 

(V. 6) 

The fitting process involves finding the parameters of the trend, in 

satisfying the least squares criterion. First, second, and third 

order surfaces were generated. 



. Figure 5. 17 Large boulders at the headward 
portion of the Schei sandur. 

,. 
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Significant trends were found for both first order surfaces 

of the elevation and mean grain size data. Figure 5. 18 illustrates the 

result of the first order surface of the sandur elevations, and as 

might be expected, reveals a highly significant linear trend. The 

general surface gradient trend decreases downfan, approximately 

paralleling the downstream channel directions in the medial portion 

of the sandur. The first order equation is given by: 

E = -l -2 
24.45 - O. 11 x 10 X + 0.69 x 10 Y r = . 98 {V. 7) 

Where E is the elevation (masl) and X and Y are the location 

grid values (m). 

Elaboration on this pattern is given by the second order fit which 

reveals a concave upward surface which exponentially decreases down-

stream (Fig. 5. 19), and strongly decreases in a manner parallel to the 

channels from the proximal to distal zone. This apparent correlation 

suggests that the morphology of the sandur is controlled by migration 

and branching of the sandur channels, linked possibly to fluvial 

avulsion processes (seep. 113). The second order equation is as 

fol lows: 

E = - I 1 5 2 
26.38 - o. 17 x 10 x + o. 16 x 10- y + 0.29 x 10- x 

- o.46 x lo-5xv - 0.78 x lo- 5v2 
r = .99 (V.8) 

The second order surface shows only a slight increase in the variance 

reduction over the first order linear form, and together accounts for 

99.8 per cent of the variation explained. The residuals from the 

second order trend show an area with positive peaks approximately 
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600 to 800 m downfan, and a negative peak along the north margin of the 

sandur 1700 m downfan. A weak oscillatory trend appears evident down-

valley, although no explanation can be ascertained for this residual 

pattern. 

Figure 5.20 shows the first order trend for the mean size 

of the coarse mnterials over the sandur. The mean grain size decreases 

downfan in a simi \ar manner to the elevation trend, although slightly 

oblique. However, the linear trend of the mean grain size is not as 

highly a significant trend as the surface gradient tendency. The 

linear equation is given by: 

B = 28.05 - 0.65 x l0- 2X + O. 17 x l0- 2Y r = • 81 ('.I. 9) 

Where Bis the mean cobble size (mm) and X and Y are the location 

grid values (m). 

The general trend implied reveals a decrease in the mean grain size 

from 29 mm to 13 rTlTl b - ax i s length in spreading across the sandu r to 

the distal region. This mean size tendency can be elaborated upon by 

the second order surface, given by: 

B = 
3 -2 5 2 22.58 - 0.86 x 10- x + 0.80 x 10 y - o. 10 x 10- x 

r = .82 (V. 10) 

The first and second order surfaces together accounr for 66.9 per cent 

of the variation explained. Generally the pattern correlates fairly 

closely again with the direction of the sandur channels. The second 

order trend (Fig. 5.21), in addition to showing a downfan decrease 
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in grain size due to decreasing competence of the river, also shows an 

inclination away from the north margin of the sandur in the proximal 

zone. The residuals from the second order trend exhibit alternating 

peaks of positive and negative values down sandur and sho~1 no discernible 

pattern. This is probably due to the technique used in acquiring the 

mean grain size data of the coarse materials over the sandur. It is 

suggested that the tendency for the mean size of the materials to 

decrease obliquely towards the southwest in the proximal region is due 

to the occurrence of coarser materials on the north margin of the 

sandur being delivered to the surface from older terraced alluvial 

material. Although the trend shows slight variations in mean grain 

size across the sandur, the cross sandur tendency is generally uniform. 

The surface form of the sandur and mean grain size 

variation generally show a linear trend downfan, closely related to 

the channel pattern network. Although these features are variable 

over the sandur, the apparent correlation with the sandur channels 

emphasizes the influence of channel processes on the morphology and 

grain size of the sandur. The systematic and decreasing trends of 

elevation and mean grain size are also reflected by the form of the 

river long profile (seep. 119). Although this form is exponentially 

decreasing downstream, the profile indicates a tendency towards a 

linear decrease, as given by the exponent in the equation. 



CHAPTER VI 

CONCLUSIONS 

The following are the major findings of this study: 

(1) Surface runoff is highly variable in a glacierized basin and is 

dependent on snowmelt, glacial melt, and summer precipitation. 

Pronounced temporal variations in summer climatic conditions 

strongly affected the hydrologic regime. This influenced the 

sources of runoff, with summer precipitation and glacial melt 

being th~ mnre variable of these sources. 

(2) Diurnal discharae variations are related to diurnal fluctuations 

in available energv. Such variations are accentuated by the 

shallow active layer, which minimized groundwater storage, and 

by the consi0erable basin relief. Short term irregular discharge 

variations were produced by temporary ice marginal ponding and 

release effects. These factors are important in their influence 

on sandur channel river mechanics. 

(3) Due to the substrate characteristics mentioned above, a rapid 

response of surface runoff to rainfall events was evident. An 

average lag of 5 hr was noted, but this value probably increased 

over the summer runoff season due to changinq discharge character­

istics within the basin. 
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(4) The hydrologic regime strongly influenced temporal variations in 

the channel hydraulics, \~ith differences in the mode of adjustment 

due to differing channel characteristics. At stable channel 

sections a greater adjustment to discharge may be expected through 

velocity adjustments, with depth and surface width changes being 

more conservative. This is associated with a rapid change in flow 

resistance. These factors imply rapidly changing sediment loads 

with discharge. 

(5) Considerable material is entrained, transported, and deposited 

over the sandur during the runoff season. Generally sediment 

supply is abundant. River mechanics operating in the stream 

channels affect the rates and amount of sediment movement. The 

estimates of the sediment transporced yielded the following 

results: 

The dissolved load is transported continuously but its 

magnitude is small in comparison with bedload and suspended 

load. 

The suspended load is significant, with high loads occurring 

frequent 1 y. 

Bedload transport, though sporadic, is important in regards to 

sandur development and processes. 

Large variations in the distribution and the amount of material 

carried by each component of the total load can occur with 

different runoff seasons and within a given season. Flows above 
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the competence level of the sandur material affected the channel 

net1~ork stability. These flow conditions can occur relatively 

frequently over a runoff season. 

(6) Different forms of the longitudinal profile reflect differing 

hydraulic conditions. On sandur deposits the exponentially 

decreasing form of the channel reflects a downstream gradation 

from systematic deposition. In this case, the tendency towards 

a straight line is also reflected in the strong linear trends in 

the sediment size and morphology of the sandur surface which 

probably controls the channel long profile. 

(7) Diagonal and spool bars constitute the corrmon bar forms of the 

sandur channels. These bars were part of a pool-bar sequence 

and reflected a response to hydraulic conditions, showing rapid 

erosional and depositional modifications. They have considerable 

influence on form resistance and flo1~ patterns, and hence influence 

channel alterations. 

(8) Trend surface analyses summarized the downstream and the cross 

sandur variations of the sediment size and morphology of the sandur 

surface and revealed the strong influence of channel processes on 

these features. 
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APPENDIX A 

DISCUSSION OF METHOD USED FOR OBTAINING 

COARSE SIZE DATA OF SURFICIAL SEDIMENTS 

OVER THE SCHEI SANDUR 

The following represents a summary and discussion of a 

technique devised by M. Church for acquiring mean cobble size data in 

coarse gravel and cobble deposits. Usage of the method has been 

employed without the original author's knowledge or consent. Any 

errors, alterations, or shortcomings in the application of the method 

to the Schei sandur must be attributed to the writer and not the 

original author. Description of the method originally appeared as an 

unpublished manuscript under the title of "A Relatively Painless Method 

of Obtaining Mean Cobble Size Data on Coarse Clastic Surfaces 11
• 

The method used in obtaining the mean size of coarse material, 

involved randomly placing a quadrat frame on the surface of a pre­

determined sampling site and photographing the quadrat from as near 

vertically overhead as possible. Subsequent analysis for each quadrat 

photograph involved counting the number of coarse clasts within the 

quadrat and converting this result to a mean size for the sample, based 

on a relationship between the number of clasts counted and the mean 

sample size (control curve). This control curve relationship was 
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obtained by using ten control samples from the field study, initially 

assumed to represent the complete mean grain size variation of the 

coarse material over the sandur surface. 

Figure A. l illustrates two of the control samples used, 

showing the clast size variation in the proximal and medial portions 

of the sandur. 

Each control sample was initially photographed at the 

sampling site, and then the b-axis lengths of all the clasts within 

the quadrat likely to be counted on the photograph, were measured. 

The mean size of each control sample was determined by the 

size distribution of the coarse material, derived from phi groupings 

of the b-axis diameters. Figure A.2 illustrates the cumulative grain 

size distributions for the Schei sandur control samples, plotted as 

cumulative percent coarser by number. The grouped data was analyzed 

by the number of clasts, instead of the weight, to reduce any influence 

on the determined mean by the petrology of the clasts. The derived 

means from the size distributions were based on Folk and Ward's (1957) 

graphic mean, where: 

M = 016 + 050 + 084 
3 

(A. I) 

Note that the distributions are constrained at the lower limit, due 

to the 8 mm b-axis length used as the distinction between coarse and 
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Quadrat 10-la 
Sampling Position (1959,588) 

Quadrat 1-1 
Sampling Position (100,700) 

Figure A. 1 Two contro 1 e.xamp 1 es from the Schei sandur showing 
fairly homogeneous samples of cobbles of different mean size. 

The quadrat is slightly less than one metre square. The photographs 
are smaller than the size used in the analysis. 
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fine materials. The range of the sampled coarse materials varied from 

8 mm to 210 mm in b-axis length, corresponding to a -3 phi to -7 phi 

variation in grouped data. Table A. 1 shows the control sample data 

calculated for the Schei sandur. 

The relationship between the mean coarse clast size and the 

number of clasts counted is based on the fact that the larger the mean 

size, the fewer the number of clasts appearing within a given area, or 

the quadrat. As fine matrix material (less than 8 mm size) inevitably 

is present in all the samples, the coarse clasts appearing in the 

quadrat wi 11 not completely occupy the total area of the quadrat, and 

hence the number of clasts counted must be adjusted to give an 

equivalent number of similar size clasts which would be counted if no 

fine material were present, and the quadrat were fully occupied. This 

adjustment factor required is a ratio of the total quadrat area, 

divided by the area covered by clasts, or the percentage of clast 

material within the quadrat. The adjustment factor for the control 

samples and the remaining samples over the sandur was calculated by 

using a regular point grid laid over each photograph and computing 

the clast percentage by a point count technique of approximately 200 

points. 

This correction factor applied to the number of clasts 

counted, preserves the relationship between the mean size of the 

coarse material and the number of counted clasts in the quadrat. 
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T I Total 
\ 

Cobble 
Quad rat Point Point 
Number Count Count 

1 • l 196 83 
I 

2. I 196 109 

4. I 196 85 

5.4 196 48 

6.4 196 64 

I0.3A 196 70 

10.3 196 37 

10.2A 196 39 

10.2 196 31 

10. lA 196 96 

TABLE A. I 

CONTROL SAMPLE DATA FROM THE SCHEI SANDUR 

I 
Adjusted 

Number of Number of 
Adjustment Cobbles Cobbles 

Factor Counted Counted 

2.36 159 375.2 

1.80 256 480.8 

2.31 268 619. l 

4.08 194 791.5 

3.06 318 973. l 

2.80 333 932.4 

5.30 309 1637.7 

5.03 251 \262.5 

6.32 209 1320.9 

2.04 626 1277. 0 

Calculated 
Number of Mean 

Cobbles Cobble Size 
Measured (mm) 

173 28.3 

654 24.6 

597 21. 3 

529 18.5 

933 16. 5 

239 16.9 

213 12. 3 

181 14.2 

181 13.9 

254 14. 1 

Mean 
Cobble Size 

(mm) 

35.0 

20.4 

21. 0 

19.3 

17.4 

13.6 

13.8 

14.8 

13.9 

13.8 

V'1 
N 
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Total quadrat space is assumed utilized in the adjustment, with a 

packing coefficient not introduced into the adjustment. A factor 

affecting the complete space utilization of the quadrat (especially 

in relatively coarser sized material) occurs with clasts partially 

lying outside the quadrat, exceeding the quadrat space, and increasing 

the mean size of the clasts. This situation was dealt with by accept-

ing a clast in the count only if more than half of that clast lay 

inside the quadrat. 

It can be seen in Table A. 1 that discrepancies occur between 

the number of clasts measured in the field and the number of clasts 

counted. This is due to clasts concealing each other in the photograph, 

possible poor resolution effects, measuring clasts in the field which 

do not appear on the photograph, or counting errors of the clasts 

(especially in the relatively finer coarse materials). Generally the 

number of clasts measured in the field show no relationship to the 

mean size (a relationship wi 11 only occur if the measured clasts are 

corrected by an adjustment factor to preserve the relationship). 

The control sample data for the Schei sandur was found to 

fit the following relationship of the form: 
b 

y = ax 

The derived regression for the control data yielded 

B = 804.55 N 
-0. 565 

r = - .90 

(A.2) 

(A.2a) 

Where Bis the nominal clast diameter and N the number of clasts counted 

on the photograph. 



This relationship was used to construct the control curve illustrated 

in Figure A.3, which determines the mean size of the coarse materials 

for the remaining sample photographs. Data for the remaining samples 

is listed in Table A.2, except for samples in the distal portion of the 

sandur where the mean size was calculated from grain size cumulative 

distribution curves of the coarse materials. Figure A.4 shows the 

distributions of these samples, with the mean grain size of the 

samples presented in Table A.3. 
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TABLE A.2 

CALCULATED MEAN COBBLE SIZE FOR SAMPLES OVER THE SCHEI SANDUR IN THE PROXIMAL AND MEDIAL PORTIONS 

Adjusted Calculated 
Total Cobble Number of Number of Mean 

Quad rat Point Point Adjustment Cobbles Cobbles Cobble Size 
Number Count Count Factor Counted Counted (mm) 

2. lA 196 82 2.39 138 329. 8 30.4 

3. 1 196 77 2.55 142 362. 1 28.8 

3. 1 A 196 74 2.65 204 540.6 23.0 

3.2 196 83 2.36 205 483.8 24.5 

4. IA 196 85 2. 31 288 665.3 20.4 

4.2 196 79 2.48 239 592.7 21. 8 

4. 2A 196 48 4.08 142 579.4 22. 1 

5. 1 196 62 3. 16 115 363.4 28.8 

5. 1 A 196 91 2. 15 304 653.6 20.6 

5. 2 196 107 1. 83 311 569. 1 22.3 

5.2A 196 44 l~. 45 126 560.7 22.5 

5.3 196 70 2.80 189 529.2 23.3 

5.3A 196 78 2.51 208 522. 1 23.4 

V1 
(j"\ 



TABLE A.2 

CALCULATED MEAN COBBLE SIZE FOR SAMPLES OVER THE SCHEI SANDUR IN THE PROXIMAL AND MEDIAL PORTIONS 

Adjusted Caiculated 
Total Cobble Number of Number of Mean 

Quad rat Point Point Adjustment Cobbles Cobbles Cobble Size 
Number Count Count Factor Counted Counted (mm) 

6. 1 196 86 2.28 169 385.3 27 .8 

6. l A 196 63 3. 11 235 730. 9 19.4 

6.2 196 53 3.70 147 543.9 22.9 

6.2A 196 55 3.56 181 644.4 20.8 

6.3 196 86 2.28 210 478.8 24.6 

6.3A 196 55 3.56 197 701. 3 19.8 

6.4A 196 40 4.90 142 695.8 19.9 

7. l A 196 62 3. 16 240 758.4 19.0 

7.2 196 44 4.45 142 631. 9 21. 0 

7.2A 196 30 6.53 90 587.7 21. 9 

7.3 196 61 3.21 171 548.9 22.8 

7.3A 196 70 2.80 192 537.6 23.0 

7.4 196 48 4.08 143 583.4 22.0 

\J"1 
--...i 



TABLE A.2 

CALCULATED MEAN COBBLE SIZE FOR SAMPLES OVER THE SCHEI SANDUR IN THE PROXIMAL 

Total Cobble Number of 
Quad rat Point Point Adjustment Cobbles 
Number Count Count Factor Counted 

8.2 196 59 3.32 191 

8.2A 196 59 3.32 217 

8.3 196 39 5.03 157 

8. 3A 196 35 5.60 186 

8.4 196 34 5.76 198 

9.2 196 53 3.70 200 

9.2A 196 31 6.32 164 

9.3 196 56 3.50 165 

9.3A 196 40 4.90 132 

9.4 196 25 7.84 79 

AND MEDIAL 

Adjusted 
Number of 
Cobbles 
Counted 

634. l 

720.4 

789.7 

l 041. 6 

l ll~O. 5 

740.0 

1036.5 

577. 5 

646.8 

619.4 

PORTIONS 

Calculated 
Mean 

Cobble Size 
(mm) 

21. 0 

19.5 

18.6 

15.9 

15. l 

19.3 

15.9 

22. J 

20.8 

21. 3 

\J1 
00 
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Sample cumulative distributions of grain size for the 
coarse materials in the distal end of the Schei sandur. 
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TABLE A.3 

MEAN COBBLE SIZE FOR SAMPLES 

IN THE DISTAL PORTION OF THE SCHEI SANDUR 

Mean Cobble 
Quad rat Size 
Number (mm) 

11-1 A 13.6 

11-2 13.8 

11-2A 13.6 

11-3 14.2 

11-3A 13.9 

12-1 A 13.4 

12-2 14.4 



Limitations and operational problems in the use of the 

method include the following: 

1. Rapid variations in the size of the coarse materials adjacent to 

a sampling site. An assessment was made to determine if the 

position of the quadrat was obviously anomolous, after dropping 

the quadrat frame near a sampling site. This may have introduced 

bias in the ideal of random sampling, although the field procedure 

involved dropping the quadrat frame within 3 m of a sampling site 

in what was deemerl fairly homogenous material typical of the 

sandur surface at that site. 

161 

2. When the size of the coarse materials approach the size of the 

quadrat, errors will arise in the determination of the mean size. 

Although this problem exists in the method, coarse materials of a 

size approaching the limitations of the quadrat were not encountered 

on the Schei sandur. 

3. The method should be used only if the size characteristics of the 

coarse materials is required. No information can be gained on the 

skewness, kurtosis, sorting, or shape of the coarse materials, 

although the use of colour film would allow petrologic information 

to be gained. 



4. 35 mm SLR cameras with a moderate wide angle lens were preferred 

for the photography. A normal lens would not aliow a photograph 

to be taken from a near vertical position over the quadrat, and 

hence influences the final product because a considerable number 

of clasts might be obscured. Distortion by a wide angle lens 

was found to be minimal, and has no significant influence on the 

analysis. 

5. For larger values of N (the number of cobbles counted), the 

control difference (the difference between the counted clasts 

and the clasts measured in the field) becomes larger, but reflects 

a smaller change in the mean derived clast size and hence tends 

to balance the control difference effect. 

The method as defined by Church and described here is 

considered to be a relatively accurate and fast procedure for obtaining 

mean grain size data of sandur-type deposits. 
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