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OBSERVATIONS ON A SURGING GLACIER IN EAST
GREENLAND*

By HEINz RUTISHAUSER
(Mineralog.-Petrograph. Institut, Universitit Bern, 3012 Bern, Switzerland)

AprsTRACT. Recent observations on Bjernbo Gletscher (lat. 71° N, long. 25° W.), East Greenland, have
revealed that it has several features characteristic of a surging glacier. One outstanding feature is the
occurrence of drop-like ice masses in the lower part of the glacier which do not appear to belong to the main
glacier. A detailed petrographic comparison between the morainic debris surrounding these drop-like ice
masses and the rocks occurring in the upper part of the glacier has been made. The results indicate that
these drop-like ice masses have been inserted into the main glacier. This drop-like form is explained as being
due to ice transport from the side valleys, and this occurred over a short period of time during the movement
(or surge) of the main glacier. Because of the highly variable rock types occurring in the respective accumula-
tion zones, petrographic examinations of other moraines in the ablation zone have been used to trace them
back to their respective firn fields.

The main glacier and the tributary glaciers are today static. Bjernbo Gletscher is therefore characterized
by both static and moving phases, and its dynamics are the same as those of surging glaciers. The quiescent
phase is estimated to have been about 100 years. The next surge will presumably occur around 1gg0.

ReEsuME. Observations sur un glacier a crues dans le Groenland Oriental. De récentes observations sur le Bjornbo
Gletscher (71° de lat. N, 25° long. W), dans le Groenland Oriental, ont révélé que ce glacier présentait
plusieurs traits caractéristiques d’un glacier 4 crues. Au premier rang parmi ces traits est la présence de
sortes de grosses coulées de glace dans la partie inférieure du glacier, coulées qui ne semblent pas appartenir
au glacier principal. On a procédé a une comparaison pétrographique détaillée entre les débris moraini-
ques entourant ces *‘coulées” de glace et les roches trouvées dans la partie supérieure du glacier. Les résultats
indiquent que cette “‘goutte” de glace a été insérée dans le glacier principal. Cette forme “en goutte” est
expliquée comme étant due 4 un transport de glace venant des vallées latérales, ce transport étant réalisé
en une courte période de temps pendant le mouvement (ou la crue) du glacier principal. La grande diversité
des types de roches formant les différentes zones d’accumulation explique que des examens pétrographiques
d’autres moraines dans la zone d’ablation ont été utilisés pour les rattacher a leurs zones de névéification
respectives.

Le glacier principal et les glaciers affluents sont aujourd’hui stationnaires. Le Bjernbo Gletscher est
done caractérisé par la succession de phases statiques et d’avances et sa dynamique est la méme que celle
des glaciers a crues. On estime que la durée de la phase de repos est d’environ 100 ans. On prévoit que la
prochaine crue pourrait probablement se produire vers 199o.

ZUSAMMENFASSUNG.  Beobachlungen an einem ausbrechenden Gletscher in Ost-Granland. Neuere Beobachtungen
am Bjornbo Gletscher (Breite 71° N, Linge 25° W), Ost-Gronland, haben erwiesen, dass dieser mehrere
charakteristische Erscheinungen eines ausbrechenden Gletschers aufweist. Eine besonders auffillige darunter
ist das Vorkommen von tropfenférmigen Eismassen im Zungengebiet des Gletschers, die anscheinend nicht
zum Hauptgletscher gehiren. Es wurde ein detaillierter petrographischer Vergleich zwischen dem die
tropfenférmigen Eismassen umgebenden Moridnenschutt und dem anstehenden Gestein des Akkumulations-
gebietes des Gletschers angestellt. Die Ergebnisse zeigen, dass diese tropfenférmigen Eismassen in den
Hauptgletscher eingeschoben sind. Die Tropfenform ist durch Eistransport aus den Seitentilern erklirbar:
dieser trat in einer kurzen Zeitspanne withrend der Bewegung (oder des Ausbruchs) des Hauptgletschers ein.
Wegen der starken Gesteinsunterschiede in den jeweiligen Akkumulationsgebieten wurden auch an anderen
Morénen in der Ablationszone petrographische Untersuchungen dazu verwendet, sie in ihre jeweiligen
Firngebiete zuriickzuverfolgen.

Der Haupt- und die Seitengletscher sind heute bewegungslos. Der Bjornbo Gletscher ist daher sowohl
durch Stillstand- wie Vorstossphasen gekennzeichnet und entspricht in seiner Dynamik einem ausbrechenden
Gletscher. Fur die Stillstandsphase wurde eine Zeitdauer von 100 Jahren geschitzt. Der nichste Ausbruch
wird vermutlich um 1ggo eintreten.

INTRODUCTION

Recent glacier investigations indicate that surging glaciers occur in several parts of the
world. A series of air photographs document an exceptional advance of a nameless glacier in
Stauning Alper in East Greenland (Henriksen and Watt, 1968). Photographs taken in 1947
and 1950 show that the glacier had not changed during this time interval but those taken in
1961 and 1967 show a rapid advance of § and 7.5 km, respectively. However, the glacier
reached the fjord in 1967 so that the photographs do not allow one to calculate the entire
distance of the surge (Oleson and Reeh, 1969). The other glaciers in the same region show,
for this period of time, a general diminution in their size.

* Published with the permission of the Director, Gronlands Geologiske Undersogelse.
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As a member of an expedition of the Grenlands Geologiske Undersogelse to East Green-
land in the summer of 196q, the author had the opportunity during geological field mapping of
visiting several glaciers and also observing them from a helicopter. Detailed investigations were
made on Bjarnbo Gletscher, one of the largest in the Stauning Alper (Fig. 1). It is a valley
glacier which is completely independent of the inland ice sheet. From the map (Fig. 3)
we have the following details: Position, lat. 71° N., long. 25° W.: length, 35 km;
approximate elevation of the firn limit (air photograph 14 July 1968), 1000-1100 m as.l.;
surface area, 260 km?; accumulation zone, 184 km? (719,); ablation zone, 76 km? (29%,).
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Fig. 1. Map of part of East Greenland.

The medial moraine patterns in the ablation zone are quite distinct, especially the two
drop-like moraine patterns on the southern side of the glacier (Fig. 2). Similar forms are
known from surging glaciers, for example, Tikke Glacier in British Columbia and Susitna
Glacier in Alaska (Meier and Post, 1969). The fact that a surging glacier has already been
observed in Stauning Alper and that the medial moraine patterns of Bjernbo Gletscher
appear very similar to those on well-known surging glaciers leads the author to believe that
Bjornbo Gletscher is a surging glacier. Evidence to support this belief will be given in the
following sections. The problem is to determine the dynamics of the glacier from its present
static form.
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FiELD METHODS

In the present case, it is possible from the static model of the glacier to tell something of its
dynamics if several areas in the ablation zone are correlated with corresponding areas in the
accumulation zone. The connection between these two zones is the medial moraine, which
makes clear the junction of two separate ice masses of different origins. The site of the
Jjunction between these two ice masses always contains debris derived from the ridge separating
the two accumulation zones. This debris forms the medial moraines found in the ablation
zone. This junction between the two different ice masses is not visible in the accumulation
zone, and therefore the correlation between corresponding areas in the accumulation and
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Fig. 2. The tongue of Bjornbo Gletscher ; a composite of two vertical air photographs taken in 1968.

ablation zones is difficult. Therefore, the debris from the medial moraines in the ablation
zone has been compared with rocks occurring in the upper part of the glacier. The debris
of these medial moraines is correlated with the rocks occurring on the various ridges which
separate the several accumulation zones from each other. If the rocks from the different
accumulation zones are highly variable, it is possible to fix the origins of the medial moraines
in the accumulation zone by a study of the debris of the moraines. By this method it has
been possible to obtain much information concerning the correlation between the ablation
and accumulation zones on Bjernbo Gletscher.
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GEOLOGICAL ENVIRONMENT OF BjernBo GLETSCHER (Fig. )

Stauning Alper belong geologically to the “Central Metamorphic Complex”, an integral
part of the Caledonian orogenic belt in East Greenland (Haller, 1958). During the Cale-
donian orogeny, a young Precambrian-Ordovician geosynclinal sequence in central East
Greenland was transformed into migmatitic rocks. The migmatitic lower part played an
active part in the folding and it exhibits many igneous rocks whose parents are the migmatitic
rocks themselves. Such igneous rocks are very common in Stauning Alper.

The surroundings of Bjernbo Gletscher are characterized by three rock types. First, on
the eastern side of the Stauning Alper fault there are sediments, predominantly arkoses, which
are unimportant in this investigation. Secondly, there are migmatites which comprise the
largest proportion of the rocks. Thirdly, there are the igneous rocks which are associated
with the migmatites. The petrographic relations of the debris in the moraines to the two
latter groups is clear. Both of these groups can be subdivided, each having its own charac-
teristics. Hence, for the erratic boulders there are several different sources with different rock
types which enable the provenance of the morainic debris found in the ablation zone to be
determined.

MIGMATITIC ERRATICS

The migmatitic rocks are divided into migmatites without special characteristics (migma-
tites 5.l.) and stromatites; only the latter crop out on the upper part of the firn of Bjornbo
Gletscher. There are also nebulitic biotite-bearing migmatite-granites and quartz-bearing
hornblende-syenites, which have no distinct contacts with the migmatites.

ERRATICS OF SPECIAL ROCK TYPES FOUND IN THE MIGMATITES

The most remarkable rocks are the marbles and the calc-silicate rocks which transgress
the migmatites as ribbons. Isometric bodies such as dark metapyroxenites and meta-amphi-
bolites also occur in the migmatites, and these, like the nebulitic biotite-bearing migmatite-
granites, are unimportant to the present investigation.

ERRATICS FROM THE SPECIAL FORMATIONS IN THE MIGMATITES ALONG THE CONTACT WITH THE
HOMOGENEOUS ROCKS

Along their contacts, the migmatites have been transformed in a rather special manner.
They become more and more cordierite-bearing xenolith-migmatites, which are transformed
near the contact with the igneous rocks into dark biotite-rich migmatite-gneisses. The
boundaries between these rocks, the nebulitic biotite-bearing migmatite-granites and the
quartz-bearing hornblende-syenites are not sharp although they have been drawn so on the
map.

(GRANITIC ERRATICS

Sharp contacts cannot be found in the homogeneous granitic area in the firn zone. From
south to north, hornblende-syenites are transformed into biotite-granites and porphyritic
biotite-granites.

Summarizing, the following erratic rock types can be distinguished: migmatites without
special characteristics (migmatites s.l.), stromatites, nebulitic biotite-bearing migmatite-
granites, quartz-bearing hornblende-syenites, marbles, calc-silicate rocks, metapyroxenites
and meta-amphibolites, cordierite-bearing xenolith-migmatites, dark biotite-rich migmatite-
gneisses, hornblende-syenites, biotite-granites, and porphyritic biotite-granites.
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Map of Bjernbo Gletscher and the geology of the environs.

Fig, 3.
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CORRELATION BETWEEN THE ICE MASSES IN THE ABLATION ZONE AND THOSE IN THE ACCUMULA-
TION ZONE BY MEANS OF THE PETROGRAPHIC RELATIONSHIP BETWEEN THE DEBRIS OF THE MEDIAL
MORAINES AND THAT OF THE ROCKS SURROUNDING THE GLACIER IN THE UPPER REGION (Figs.

3 and 4)

Along profile A, in medial moraines 2—5, the following debris has been observed (Fig. 3):
moraine 2, only clear, medium-grained biotite-granite; moraine §, the same as moraine 2;
moraine 4, migmatites s.l., marbles, calc-silicate rocks and porphyritic biotite-granites;
moraine 5, only porphyritic biotite-granites.

Because medial moraines 2, 3 and 4 can be followed up to their origins, correlation within
profile A is easy (Fig. 3). The ice masses which lie in the ablation zone north of medial
moraine 2 have been formed in firn fields T and IT (without consideration of the northern
tributary).

Medial moraine 1 contains only a red-coloured hornblende-syenite. Although its course
is not now visible in the firn zone, its origin must be near the small outcrop of hornblende-
syenite (Fig. 3). Medial moraine 1 enables a further correlation to be made. The ice masses
which lie in the ablation zone between medial moraines 1 and 2 have been formed in firn
field IT1. The investigation of the small medial moraines k, 1, m and n validates the previous
results. The composition of these moraines is as follows (Fig. 4): moraine k, only dark
biotite-rich migmatite-gneisses; moraine 1, only stromatites; moraine m, only stromatites;
moraine n, dark biotite-rich migmatite-gneisses, stromatites and specific xenolith-migmatites.
The debris of the small medial moraines k, 1, m and n can be correlated with the rocks of the
ridges which divide firn zone III into several parts. The origins of medial moraines k, I, m
and n are marked in Figure g with the corresponding letters.

Furthermore, the small medial moraines a—h south of the characteristic moraine 1 along
profiles Br, B2, Bg and B4 have been examined. Their compositions are as follows (Figs. 3
and 4): moraine a, only cordierite-bearing xenolith-migmatites; moraine b, predominantly
stromatites, cordierite-bearing migmatites, isolated boulders of hornblende-syenite; moraine
¢, predominantly stromatites ; moraine d, stromatites, cordierite-bearing xenolith-migmatites,
dark biotite-rich migmatite-gneisses (near d can be found two moraines with the same
boulders); moraine e, predominantly dark biotite-rich migmatite-gneisses; moraine f,
predominantly cordierite-bearing xenolith-migmatites; moraine g, marbles, calc-silicate
rocks, dark biotite-rich migmatite-gneisses, cordierite-bearing xenolith-migmatites; moraine
h, migmatites s./.

Moraines a—h are very different from one another in the type of debris they contain. The
same profile can be seen at Bi, B2, Bg and By, although the lateral distances between the
moraines vary by very large amounts (Figs. 3 and 4). It is possible to reconstruct the origins
of these moraines after a comparison between the morainic debris and the rocks occurring in
the firn zone. These origins are indicated in Figure g by the appropriate letters. Similar
investigations have been carried out on the drop-like ice masses 6 and 7, which are bounded
by medial moraines (Fig. 4).

Moraine q forms the northern boundary and two involute moraines form the southern
boundary of 6. These three moraines come close together, forming a thin tail towards the
up-glacier side of the ice drop. The debris-free ice mass at 6 is crossed by the small moraines
p and o. The minute detail at moraine p is remarkable. This moraine consists of two parts,
the southern showing a sub-division into three parts over a short distance. The difference
in the type of debris carried is not as great as between the other moraines. Nevertheless,
slight differences can be found in a profile across tributary V. The large moraine q is com-
posed of migmatites on its southern side, whereas on the northern side there are hornblende-
syenites and biotite-granites. It can be followed up-glacier to its origin in the side of valley V.
The small moraine i, which lies to the north of q is composed of hornblende-syenites with
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Map of the tongue of Bjernbo Glelscher.

Fig. 4.
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xenoliths. Its origin is the small isolated hornblende-syenite outcrop between firn zone IV
and tributary V (Fig. 3). It can be followed between q and 7, but on the north-western side
of tributary V it is covered by a rock slide. Both of the drop-like medial moraines which form
the southern margin of 6 are composed predominantly of quartz-bearing red-coloured
hornblende-syenites, which give the moraines a noticeable colour. Finally, the drop-like
moraine at 7 consists predominantly of migmatites s./.

From the above, the following relationship between the ice masses in the ablation zone
and the firn zone (Figs. 3 and 4) can be deduced. Medial moraine 1 separates Bjornbo
Gletscher into southern and northern parts. Using profile A, it has been possible to correlate
the ice masses in the ablation zone to the north of 1 with the corresponding ice masses in firn
zones IT and I11. For the southern part, profiles Br, B2, Bg and B4 are very important. The
relationship between the debris of the moraines and the rocks occurring around the firn field
has already been discussed. The small moraines shown in profiles Bi, B2, B3 and B4 can be
followed continuously; therefore, it is proven that the ice masses between the drop-like
moraine patterns 6 and 7 and moraine 1 have their origin in firn zone 1V. In other words,
ice masses 6 and 7, which are bounded by drop-like moraine patterns, are inserted parts (in
the sense of Sharp (1948)) of the main glacier. If these ice masses had been situated on top
at the main glacier, the small moraines a~h would be covered by 6 and 7. There is still the
question of the origin of ice masses 6 and 7. The main part of 6 comes from tributary V and
the small red-coloured quartz-bearing syenite parts of 6 have their origins in VII and VIIIL.
Finally, the debris at 7 proves that this ice mass came from VI.

SOLUTION OF THE GLACIER DYNAMICS FROM THE STATIC MODEL

The debris-bearing medial moraines prove that ice masses 6 and 7 are inserted parts of the
main glacier. The growth of the drop-like form can be explained by a single glacier advance
from the tributaries. Today, tributaries V-VIII are completely static. Air photographs taken
in 1951 and 1968 show that the main glacier has not changed for 17 years. If two identical
points on both the vertical photographs of 1968 (Fig. 2) and the oblique photographs of 1951
(Fig. 5) are joined across the glacier, the straight line crosses the non-changing glacial river
at the same place north of moraine 1. Even the forms and courses of the medial moraines
have not been changed; at most they have become even more clearly visible. Both the
tributaries and the main glacier are static today. An advance from the glacier tributaries
V-VIIIinto the main glacier, which has happened only once, occurred at the same time as the
growth of the main glacier. The dynamics of this glacier are the same as those of a surging
glacier. A quiescent phase alternates with an exceptionally large advance of the glacier
which can be called a surge. The duration of the quiescent and the moving phases can be
estimated. The main movement of 7.5 km of the well-known nameless surging glacier in
Stauning Alper lasted 6 years (the duration of the glacier advance of g km is not known).
Meier and Post (1969) have given similar times; less than 1 year to about 6 years and most
commonly 2-3 years have been reported elsewhere, and a similar time interval for Bjornbo
Gletscher can be expected.

The distance of the surge can be measured as follows. The distances A, B and C from the
fronts of the drop-like moraine patterns to the farther sides of the ends of the tributaries are
the same (Fig. 6). The same distance can be measured from the peculiar laterally thickened
part, which is marked by the folded blue bands (Fig. 5), in the main glacier headward to the
origin of this trunk glacier at the margin of firn field IT (D in Fig. 6). It is assumed that the
inducing mode of action for the overall movement of Bjernbo Gletscher is that of a glacier
flowing from firn field II. Because firn field IT is much larger than either V or VI, there is
not only drop-like ice-mass insertion into the main glacier during the surge. Instead, during
the surge there is continuous injection of ice into the main glacier from firn field I1. Although
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the distance D consists of ice from one source, its length still corresponds to the lengths A, B
and C. The amount of the surge is determined by the distance D, which is 10 km. If it is
assumed that the glacier snout, after the last surge, arrived at the area which is marked by
glacial deposits without vegetation (Fig. 3), the time from the last quiescent phase can be
estimated. Before the last surge, the snout was 10 km up-glacier of the junction (1 in Fig. 6)
between the glacial deposits without vegetation and those with vegetation. Point E (Fig. 6)
represents the highest surface level of the glacier just after the last surge and this is marked
today by the junction between vegetation and no vegetation (Fig. 2). Point F (Fig. 6) is on
the surface of the glacier today. Point E (630 m) and point F (470 m) have been measured
with an altimeter. The difference in height between the glacier surface after the last surge

Fig. 5. Oblique air photograph of the upper part of Bjornbo Glelscher, laken in 1951.

and the glacier today is 160 m. The ice thickness has been measured from moulins as 40 m.
There is then a difference in altitude of 200 m between the glacier surface after the last surge
and the bottom of the glacier at point F. The annual ablation can be calculated approxi-
mately. For 10 days our tents were pitched on ice in the ablation zone and therefore this ice
had been protected from ablation. The ice deflation after 10 days was 0.30 m. Calculated
from an ablation period of 2 months, an annual ablation of about 2 m can be assumed.
Therefore, it would require 100 years to melt the glacier ice at point F (Fig. 6). Meier and
Post (1969) have assumed a period of between 15 years and more than 100 years for the
quiescent phase of a surging glacier, indicating that 20-30 years appears to be the commonest
time for the duration of the quiescent phase. From the above estimate, it is highly likely that
the quiescent phase is much longer than the movement phase.
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Snout 1: before surge
2: after surge

Fig. 6. Schematic map of the longue of Bjornbo Gletscher.

CONCLUSIONS

The dynamics of Bjornbo Gletscher are characterized by a present-day quiescent phase
which can be proved from air photographs. In a short surge of the main glacier, ice masses
from the tributaries in the ablation zone became inserted into the main glacier. The ice
surge from the side valleys has not been as long as the movement of the main glacier. In
this time the glacier advanced about 10 km. Itis assumed that the snout reached the boundary
between the glacial deposits with vegetation and the glacial deposits without vegetation,
which is clearly visible on the air photographs. The course of the advancing snout has been
diverted by a dead ice-mass which originated from a former surge. This dead ice should not
be related to the ice from the last surge. The distinction between the two surges can be
found in the diverted moraines of profile B along the margin of the dead ice-mass. The dura-
tion of the quiescent phase has been calculated as 100 years. Since the last surge occurred
in 18go, it can be expected that the next surge will occur around 1ggo.
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