
Fig. I. View looking up the Sefstrems Cletscher from the upper observation station

Fig. P. View across the Sefstrems Cletscher from the upper observation station, showing the lower part if the area of observation
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MOVEMENT OF THE SEFSTR0MS GLETSCHER,
NORTH-EAST GREENLAND

By W. S. B. PATERSON

(Department of Geophysics, University of British Columbia, Vancouver)

ABSTRACT.Weekly observations were made on the horizontal and vertical components of surface move-
ment of the Sefstrems Gletscher, north-east Greenland. It is concluded that in the area in question the state
of the glacier is consistent with Nye's concept of extending flow. Melting observations were also made. An
estimate of ice thickness, derived from measurements of surface slope, is given.

RESUME. Des observations hebdornadaires des composantes horizontales et verticales du mouvement
superficiel du glacier Sefstrems, dans Ie nord-est du Groenland, ont permis d'affirmer que dans la region
etudiee Ie comportement du glacier se trouve en conformite avec la conception de I'ecoulement extensif de
Nye. On a pris aussi des mesures de la fusion. On donne un chiffre approximatif de la profondeur de la
glace, calcule d'apres des mesures de la pente superficielle.

ZUSAMMENFASSUNG.W6chentliche Beobachtungen tiber die wagerechten und senkrechten Komponenten
der Oberfllichenbewegung am Sefstrems-Gletscher in Nordostgr6nland wurden vorgenommen. Hieraus ist
zu schliessen, dass in dem betreffenden Gebiet der Zustand des Gletschers mit Nyes Auffassung des Fliessens
tibereinstimmt. Beobachtungen tiber den Schmelzprozess wurden auch angestellt. Eine Schlitzung der
Eisdicke, die auf Messunge~ der Oberfilichenneigung beruht, wird angegeben.

INTRODUCTION

Glaciological work carried out by the Scottish East Greenland Expedition in the summer
of 1958 included observations on the movement of the Sefstroms Gletscher. It was originally
hoped to return and make further observations the following summer, but this did not prove
possible. However, it is felt that the results of the single season's work are worth recording.

The SefStroms Gletscher is situated in Scoresby Land, north-east Greenland, and the
approximate position of its terminus is lat. 72° 08' N., long. 25° 25' W. It is a valley glacier
some 25 km. long, flowing in a north-westerly direction from an elevation of some 1,700 m.
down to sea-level in Alpefjord. It is not fed from an ice cap, but it receives two large tributary
glaciers, one from each side, about a third of the way along its course; it has about ten smaller
tributaries. Approximately 2 km. from its terminus it unites with another glacier of com-
parable size (Gullygletscher). The termini of the two glaciers project into the fjord and are
apparently grounded. The glacier is presumed to be of sub-polar type in Ahlmann's classifi-
cation, I because melt-water streams were observed to discharge through tunnels in the ice
and did not appear to descend to the rock bed. The firn line is at about 1,200 m. Figures 1

and 2 are views of the glacier and Figure 3 is a sketch map, showing the region about 5 km.
from the terminus where measurements were made.

METHODS

Markers consisted of 6 ft. (1·83 m.) bamboos set in holes drilled in the glacier surface
and redrilled as necessary. The base of each bamboo froze into its hole. Eighteen markers
were used, arranged in a pattern of longitudinal and transverse lines as shown in Figure 4.
For convenience, longitudinal and transverse lines will be referred to subsequently as
"Columns" and "Rows" respectively. Two markers in the lowest row (Row 4) were omitted
because they were only visible from one of the three observation stations. Data for marker 35
proved to be less accurate than those from the other markers and so they were excluded from
the analysis.

The position of each marker was determined by triangulation from three survey stations
located a short distance from the edge of the glacier. Two stations were on bedrock but the
third had to be placed on the crest of an old moraine. However, the observations do not
suggest any instability at this station. The relative positions of the survey stations were
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Fig. 3. Skeu:h map showing the relative position of the area of observation
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Fig. 4. Plan of the area of observation showing the positions and altitudes of observation stations and markers on 3 August £958.
Underlined numbers are distames between markers
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determined by triangulation from the ends of a base line measured on the surface of the
glacier.

Observations were made on 3, 10, 17, 24, and 29 August 1958. Both horizontal and
vertical movement was measured, except on the last occasion, when time did not permit
measurement of vertical angles.

The triangulation computations indicate that the maximum error in the determination of
the position of any marker on any day was ± 7' 5 em. Angles were measured to the tops of
the markers and, while care was taken to straighten each marker before the start of observa-
tions, they may not have been truly vertical in all cases. A further ±s-o em. has been added
to the maximum error to allow for this. The maximum error in determination of horizontal
position is thus ± 12' 5 em. but in most cases the error is less. It is certainly less for the column
of markers nearest the observation stations (Column I). Movement here was smaller in
magnitude and more varied in direction than elsewhere, so that greater accuracy is desirable
for this column.

A calculation based on the separate height measurements of each marker from each
station gives a figure of ±4' 5 em. for the standard error of the height of each on each day.
The maximum error can be taken as ± 10' 0 em.

RESULTS

Horizontal movement. Table I lists the weekly horizontal movement of each marker. Results
for the last period have been multiplied by I .4 to make them comparable with the others.
Movement never deviated appreciably from the direct down-glacier direction, except for
the markers in Column I. These were situated in a region of wide crevasses near the edge of
the glacier and their erratic movement probably only reflects peculiarities of the region
immediately surrounding each.

TABLE I. HORIZONTAL MOVEMENT (IN CM.)

Marker

\Veek I

Week 2
Week 3
Week 4

II 12 13 14 15
49 165 284 296 308
43 202 229 238 222

100 222 250 244 216
24 116 202 189 171

21 22 23 24 25
30 272 287 295 287
79 195 241 245 250
46 198 244 253 229
52 213 171 216 174

31 32 33 34
88 244 311 296
58 210 299 256
70 183 195 258
40 226 259 260

41 42 43
85 255 284
91 229 308
70 229 280

168 308 320

The general trends of movement can be seen from the mean values given in Table II.
Slight adjustments have been made to the means for Row 4 and Columns 4 and 5 to allow
for the fact that these means are based on fewer markers than the others. The mean velocity
in the centre line of the glacier over the four weeks was 35 cm.fday.

TABLE II. MEAN HORIZONTAL MOVEMENT (IN CM.)

Transverse Longitudinal
lines lines Weeks

I 177 I 58 I 219
2 189 2 202 2 192
3 202 3 247 3 189
4 216 4 253 4 165

5 241
As regards variation in velocity along a transverse profile, each row shows the same

trend. Results for the four rows have been averaged in drawing the velocity profile in Figure
5. It has been assumed that the glacier was not slipping past the side walls. Unfortunately it
proved impossible to find a site suitable for making measurements to check this, but such slip
has not been observed in a polar glacier. The most conspicuous features of the profile are
the very rapid increase in velocity across the marginal zones, and the presence of a central
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zone, some 400 m. wide, in which the velocity is approximately constant. It is noteworthy
that the gradient of velocity in the marginal zone is greater on the north-east side of the
glacier than on the south-west side. The reason for this is uncertain but it may be a case of
separate ice streams moving with different velocities, as was observed by Battle.z The markers
in Columns 4 and 5 were separated by a medial moraine.

As regards velocity change along a longi tudinal profile, there is an increase from Row I

to Row 4. Expressed in terms of longitudinal strain rates along the centre line, the mean
values for the four week period are approximately zero between markers 13 and 23, 0·026jyr.
between 23 and 33, and 0 ·037jyr. between 33 and 43. The standard error of these values is
estimated to be ±o '005. The glacier is thus in a state of extending flow in this area, as is
also indicated by the presence of transverse crevasses between Rows 2 and 4.
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Fig. 5. Horizontal velocities at points on a transverse profile

Variation with time. The results show a decrease in velocity as the season advanced. A
statistical test was performed on the mean values in Table II to confirm that this represents
a genuine effect and not a mere chance fluctuation. The test showed that movement in the
first week was significantly greater than in any other, that movement in the last week was
significantly less, and that there was .no significant difference between the movements in the
second and third weeks. Movements of individual markers show the same general trend,
although there are discrepancies in certain cases. For example, markers in Row 4 moved
farther in the last week than in the others. A similar, but very much more marked, trend was
noted by Battle Z on the Froya Gletscher in north-east Greenland. His observations, also
made in August, showed a decrease of velocity from 17 to I cm.jaay over a pe~iod of five
days. The present data give mean velocities in the centre of the glacier of 45 cm.jday in the
first week and 28 cm.jday in the fourth week. The reason for this decrease in velocity is not
clear and deserves further investigation. In a temperate glacier it might be eXplained by a
decrease in the amount of slip on the bed, as a result of a decrease in the amount of melt
water. But surface melt water does not penetrate to the bed of a polar type glacier.

Vertical movement. The amount of vertical movement in one week is of the same order as
the accuracy of the measurements. Only total movement over the three weeks is therefore
considered. (As was mentioned previously, vertical angles were not measured on the last
day of observations.) Results are given in Table III, in which the "vertical component" is
the measured change in elevation of the top of each marker. The "surface component"
is the vertical component of the amount of rise or fall of the ice surface which would take
place due to ice motion, if there were no ablation. The "surface component" is obtained by
subtracting from the "vertical component" the product of the horizontal movement during
the three weeks and the tangent of the angle of slope of the surface. (A slope downhill in the
direction of glacier motion is taken as negative.) The surface component could not be
calculated fot the markers in Column I, because the irregularity of the glacier surface there
made it impossible to measure the slope.
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TABLE III. VERTICAL MOVEMENT (IN OM,)

Positive upwards, Totals for weeks I, 2 and 3
Mt1f'ker Slope Vertical component Surface compomnt

(degrees)
II +13
12 3'0 -13 18
13 2'0 +2 28
14 2'9 -18 21
15 3'2 -30 II

21 +20
22 3,6 -23 18
23 2'7 -30 6
24 3'4 -33 14
25 3'2 -30 12

31 +46
32 3'3 -12 24
33 3'3 -41 4
34 3'9 -48 6

41 0
42 2'4 -27 II
43 3'0 -42 3

The results show that the direction of ice flow is upwards relative to the surface, as is
expected in the ablation area. The surface component decreases, though still remaining
positive, with distance down the glacier. This means that the direction of flow becomes more
nearly parallel to the surface. It also appears that the velocity vector is more steeply inclined
to the surface near the edge of the glacier than in the centre. This compensates for the greater
loss of ice by ablation near the glacier margins.

These vertical movement results must be treated with reserve because of the difficulties
of accurately measuring both the small height changes involved and the surface slope.

Ice thickness. Nye 3 has shown that, subject to certain assumptions, the ice thickness at any
point should be proportional to the maximum surface slope there. The constant of propor-
tionality depends on the yield stress and the density. If one applies Nye's formula in this case
with yield stress of 1'0 bar, density 0 'go g./cm.3, and the measured surface slope, one obtains
240 m. as an estimate of the ice thickness at marker 23.

Ablation measurements. Ablation rates were determined by weekly measurements of the
height of each marker above the ice surface. Results show the expected trend. The mean
ablation decreased from 24 cm. in the first week to 4 cm. in the fourth. During this period
the hours of daylight decreased from 24 to about 16. Ablation rates were significantly greater
at the margins, where the ice was dirty, than in the centre, and were significantly greater in
the lower part of the region than in the upper.
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