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The Igpik area is located ten km east of Godhavn on the south-
coast of the istand Disko. Geologically the area is dominated by
Tertiary basalt formations.

A general geomorphological classification of this area, which
covers approximately three square kms, has been made. Based on
radiocarbon ages of former marine fevels in the Disko Bugt area,
the beginning of talus accumulation has been determined for two
talus cones situated on raised beaches. They have ages of 5800
and 7900 MC y. B.P. Using theodolite readings, the volumes of
three different talus cones have been determined and two average
talus accurmdation rates have been calculated for the cones lo-
cated on raised beaches. These values are transformed into an
average Holocene rockwall retreat rate of 0.0005 and 0.0015
myyvear, respectively. The total volume of two lobate rock glaciers
is caleunlated to be 2.2 mill. cum and as they are located inside
Q000 years old local moraines, the average Holocene mass-
transfer through the third talus cone has been estimated to 1.4 - 1(°
tonsxm/sq.km/y. Finally the results are discussed, with reference
1o other areas, and as a possible threshhold for the initiation of
rock glaciers.

Povl Frich and Erik Brandt, Geographical Institute, University of
Copenhagen, @ster Voldgade 10, DK-1350 Copenhagen K.

Keywords: Weathing, mass-wasting, talus cone, rock glacier, vol-
ume calculation, rockwall recession.

The study of slope processes, and especially the quantifi-
cation of materials involved, took a great step forward
with the work of Anders Rapp (1960a). Unfortunately his
pioneering investigations in the Karkevagge valley in
northern Sweden could not be succeeded in two aspects.
Primarily, the total Holocene rockwall retreat and subse-
quent talus accumulation could not be calculated due to
the lack of well defined talus cones (Rapp, 1960a p. 113).
Secondly, it was impossible to estimate exactly when the
1alus started to pile up (p. 88), which hindered the calcu-
lation of an average Holocene accumulation rate.
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Another incentive to the present study was the work of
Church et al. (1979) on Baffin Island in Arctic Canada.
Their investigations on slope processes in an area domi-
nated by gneiss and schistose rock types can be supple-
mented by our observations from a typical plateau-basalt
area like Disko. The island of Disko is located less than
500 km east of Baffin Island, but exhibits a totally differ-
ent geological setting, fig. 1. This study gives an opportun-
ity to compare almost the same periglacial processes,
working on different rock types.

The relative mass transfer, calculated as Rapp (1960 a)
did, can be used to compare the mass transport in differ-
ent areas. It was used by Barsch (1977) to evaluate the
rock glacier transport compared with the total mass trans-
port in the Swiss Alps. An attempt to estimate the mass
transfer in the Igpik area, based on volume calculations,
has been made.

Compared to the § years study by Rapp the present
study is based on only 8 days of work in the field. In
connection to a field course in »Arctic Geomorphology«,
a research programme was conducted during the end of
July 1983,

The background for this study was a geomorphological
classification of the Igpik area (see fig. 2), based on aerial
photographs, according to a method used by e.g. Wahr-
haftig and Cox (1959), Outcalt and Benedict (1965), and
Smith (1973). Especially the terminology of White (1981),
appeared to be applicable, leaving only the glacial and
marine forms as a matter of discussion. White proposed a
classification scheme for non catastrophic alpine mass-
movement forms, thus including previous work by Rapp
(1960a) and Church et al. (1979).

The field work was limited to a control of the map and
a determination of the volumes of three different talus
cones, using theodolite readings, in a manner similar to
the one used by Rapp (1960b).

Igpik is the name of a characteristic coastal cliff, which
already centuries ago attracted whalers so much that they
decided to settle down there. On the raised beaches there
are remnants of their former dwelling-places. The Igpik
area has not been subject to a geomorphological investi-
gation of this kind before, although the area has been vi-
sited and described shortly as early as 1898 (Steenstrup,
1900). Another participant in that expedition was the bo-
tanist M. P. Porsild, who described an ecological suc-
cession of plant species on the raised beach ridges at Igpik
{Porsild, 1901).

THE STUDY AREA

From the climate registrations in Godhavn (10 km west of
Igpik), the annual precipitation is 391 mm, and the mean
annual air temperature is -3.2°C with a maximum in July
(8.0°C) and a minimum in february (-13.9°C) (Muller,
1980). The island of Disko is located in the zone of dis-
continuous permafrost according to Karte (1979).
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Fig. 1. Geological map of the southern part of Disko, with iso-
lines showing relative Postglacial emergence and with names of
localities mentioned in the text.
I: Quarternary sediments 2: Tertiary plateau basalt
3: Tertiary basalt breccia and pillow lava
4: Glacier ice 5: Tertiary sediments 6: Cretaceous sediments 7:
Precambrian gneiss.
(Compiled from Escher & Watt. 1976).

As the actual study arca is exposed towards the south,
with high encircling walls to the northwest, north and
northeast, only few periglacial forms are to be seen, as
compared to similar valley sides nearby, with north exp-
osition.

The Igpik area is a 4000 m long and 1400 m wide
wedgeshaped incision into the Skarvefjeld plateau, fig. 2
and 3. Physiographically it is divided into two areas. A
lower-lying complex of marine terraces, 20-80 m a.s.l
with a central lagoon located in an elongate depression,
and a cirque valley with bottom level 200 m a.s.l., and its
backwall rising to 800 m a.s.l.

The central area around the lagoon forms a depression
in the beach ridge plain, and the outline of a relic tombolo
can be seen east of the lagoon, fig. 2. The flat eastern
triangle is mainly dominated by sheets of gelifluction, hid-
ing the relic beach ridges. Frostbound layers of a fine-

Fig. 1. Geologisk kort over den sydlige del af Disko med isolinier

Jor den relative Postglaciale landhavning og stednavne navat i

ieksien.

I1: Sedimenter fra Kvarier 2: Tertier plateaw basaft

3: Terticer basaltbreccie og pudelava

4: Glescher is 5: Sedimenter fra Tertier 6: Sedimenter fra Kridt
7 Prakambrisk gneiss.

grained black deposit with sharp angled stones inter-
mixed, were detected 50 cm below ground, 60 m a.s.l. at
point Av, fig. 3. Sorted stone circles were seen on the
shores of the lagoon, and sorted stone stripes in the valley
north of cone A.

The geology of Igpik is, apart from the underlying Pre-
cambrian basement, exclusively built up in basalt for-
mations of Tertiary age. The lower part is a basalt breccia
with inclusions of pillow lava and agglomerates. The up-
per lava formation is plateau basalt deposited through few
and large extrusions. In between the individual lava flows
in the upper lava formation, weathering of volcanic ash
ook place, which today gives the plateau basalts their
characteristic shift between layers of basalt and layers of
red volcanic clays. As the geology is fairly simple (see fig.
1) with only two rock types present, the area has been
formed into three major steps, due to various exogenic
processes, fig. 4.
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Fig. 2. Enlargement of aerial photograph with some morphologi-
cal features marked. Arrows indicate positions from where fig. 5
and 6 have been taken. (Geodetic Institute A. 48/86, copyright).
Fig. 2. Forsterrelse af flyfoto med enkelte marfologiske elementer
indregnet og markering af hvorfra fig. 5 og 6 er tagel.
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Fig. 3. Topographical map of the Igpik area with measuring grid
and profile line (fig. 4: $3-NV) inserted. (Drawn photogrammet-
rically by Jergen Nielsen, Geogra. Inst., Univ. Cph., 1983).

Fig. 3. Topografisk kort over Igpik omrddet med basislinier og
profiflinie {fig. 4: SG-NV) indtegnet.



The first vertical jump is the recent coast cliff, formed
by marine action during the open water period from May
to December. The second step is formed in pillow breccia
and is probably a result of repeated glacial erosion, during
the Quaternary. by large outlet glaciers from the Inland
Ice. The third vertical jump is formed in plateau basalts,
interlavered with red clays of weathering or volcanic ori-
gin. The backwall of this cirque valley has been steepened
by glacial erosion. The weathering of the rockwalls is
mainly a result of hydrofracturing and frost action (Selby,
1982). The weathered material is transported by two pro-
cesses, rockfall and avalanches. The geomorphological
process of talus accumulation is weathering-limited, {Car-
son & Kirkby, 1972) which means that the accumulated
material/time can be expressed as the weathering rate,
and hence as the rockwall-retreat rate.

a) The first step

Today it is the sea, which keeps the cliffs in shape. The
western part has up to 90 m high cliffs in unconsolidated
material; the average height, however, is between 60 and
70 m, where the cliff exposes a core of pillow breccia.
These Tertiary submarine vulcanic extrusions also make
up the 15-20 m high sea stack, called Per Dams Skib, The
tombolo, which has grown behind the sea stack, shows
leeside erosion to the east, indicating a dominant long-
shore transport by waves from the west,

To the east, the cliff scems to be inactive at present. It
1s formed in raised beach ridges, consisting of rounded
pebbles and cobbles, The cliff which reaches 76 m a.s.l.
southeast of the lagoon, is inclined to the east, reaching 22
m a.s.l., where it joins a 200 m high vertical cliff,

It is noteworthy that no tafus has been built up at the
cliff foor. All material is washed away by the sea immedi-
ately after arrival leaving only a narrow pebble beach.

b) The second step

The second steep slope unit extends westwards from the
vertical cliff mentioned above, It is formed in homogen-
ous breccia, leading to a rather uniform surface morphol-
ogy. Only where faults are present in the rock, clefts have
been eroded. These can be seen in connection to talus
cones a-c, fig. 2.

From cone A to below the central peak, there is a block
slope (White, 1981), with no talus accummulation at the
foot. In the western part of the area, west of the central
peak, the steepness decreases, and step 2 vanish because
of glacial erosion and later upfill of rock glacier material.

¢} The third step

This rockwall extends in a semicircle around the central
peak. As the lavers of red clay and silts interbedded be-
tween the individual lava flows are easily removed, there
is a continuous undercutting of the plateau basalt layers.

The protruding layers of basalt, which are characteristic
all over Disko, has traditionally been given the name
»Trap layers«.

Between cone A and B, there is an aréte dividing the
Igpik area from another cirque valley, fig 2. From cone B
to I the rockwall has been formed into 8 rockfall funnels
(Rapp, 1960b). At the top of the Trap layers is a 90 deg.
break in slope angle, giving way to what is known as the
»Tertiary Surface« of Disko. It is characterized by wide,
shallow valleys, indicating only slight modification during
the Quaternary.

m
o0y ALTITUDE
]

W

Tartiady
Surtace

[:v]

Free -face

a0

300
Lobate Rock ulacio‘;" TeeesT
200 2y
Local moraine
100
i upper manng limit -
! Lagoon ., :
A ErAGEERATION 72 Recent coast chiff
¥ thard step | second Yirsl
Hep .s'.':ll:l
m.asl 4b
N 5
80
L Stratified
Congeliffuction Fillow breccia - @7+ - r: diamicton
60 layers fragments reworket =% T oy~ maring shells
a8l » by waves EE N
el . 5 - Yot
| % +7 Gneiss and granite baulder Alenzot T
“— Basaltic _/  vyellow ¥ |
| lagoon rock fragments sand
20 Crushed pillow breccia
Pillow breccia
1 . S— ——
m 50 100 150 200

Fig. 4. A southeast-northwest profile section from recent coast to
»Tertiary Surface« with morphological features marked. Inserted
is an enlargement of coastnear part, showing the complex Quar-
ternary deposits. Mext to the lagoon a pit was dug to 90 cm below
ground. Lavers of sand and pepples were seen, and in the bottom
of the pit, several gneiss and granite boulders showed up. Leo-
cation, see fig. 3. (Compiled from topographical map and field
sketches).

Fig. 4. Et sydost-nordvest profil fra den recente kyst til den »Ter-
tieere Overflade«, med de morfologiske elementer markeret. Indsat
er en forsiorrelse af den kystnere del visende de komplekse kvar-
teere aflejringer. T et 90 cm dvbr hud, graver ved lagunen, sds lag af
sand og sten. I bunden fandies adskillige gneiss- og granitblokke.
Placering, se fig. 3.
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Fig. 5. Photo showing spatulate rock glacier in cross section. Note
person for scale. The cross section shows a trough- shaped de-
pression in the breccia, filled with light-coloured sand and silt,
which contains numerous gneiss and granite boulders in a crude
bedding pattern. Upon the horizontal surface in appr. 60 m a.s.L.
lies the fossil rock glacier. It has a blocky bottom layer, with a
thickness of several meters. In the middle there is a finer matrix,
dominated by red clays. The upper part of the rock glacier con-
sists of basaltic blocks up 1o one meter in diameter. In the right-
hand part of the figure is an altimeter scale (Paulin). (Photo taken
by Niels Nielsen, date: 830731).

METHODS

This part is based on field investigations and photo-
graphs. The slope angles have been sighted with a »Silva
compass/clinometer« from  positions beside the cones.
The various heights have been determined with a Paulin
altimeter, read from maps, and supplemented with inter-
section readings, using a Wild T16 theodolite.

Classification of the talus cones

Three cones were selected, because they were thought to
represent the result of various mass wasting processes in
the area. The B cone is typical of the cones in the western
part of the investipated area, where rockfall dominates
and the ¢ cone is typical of the cones a-d, which extend
across the raised beach ridges, and are fed from a marked
cleft. Cone A is unique as regards the mixing of source
area types, having both a rockfall funnel in plateau basalts
and a cleft in the breccia.

When working on and in front of the cones, it was poss-
ible to get an impression of their recent activity. The ¢
cone was inactive, as regards blockfalls, during the period
26-27. of July 1983, Detailed investigations on the cone
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Fig. 5. Billede visende tungeformet blok gleicher i tvarsnit. Be-
merk personen midt i billedet. Tvearsnittet viser en trugformet for-
dvbning i basalt brecciaen, fldt med sand og silt samt gneiss og
granitblokke med grov fagdelt struktur. Ovenpd det horisontale
lag ca. 60 m.o.h. ligger den Jossile blokgletcher. Den bestdr nederst
af et blokrigt lag, ca. 2 m tykt. Blokgletschereas centrale del do-
mineres af rod! ler og sift, medens overfladen er dekket af basal-
tiske blokke op til een meter [ diameter. I hajre del af billedet ses
en altimeter skala.

could be performed without fear of rockfall activity.

As regards cone A, there was one major blockfall on the
28. of July, but as the block only reached the upper con-
vex part of the cone, after bounching a few times, it was
possible to make traverses on the lower part of the cone.

When the intersection readings to cone B were made on
the 30. of July a number of blockfalls were heard. As some
of these extended to near the talus foot, no detailed inves-
tigations were made on the cone proper.

It was not possible to determine any correlation be-
tween blockfall activity and e.g. time of day or sunlight
warming the rock outcrops in the source areas, probably
because of to few observations.

The resulting classification is listed in table 1. p. 38,

Classification of rock glaciers

In the Igpik area, two types of rock glaciers are repre-
sented. The oldest one was tongue-shaped, with a former
spatulate terminus. By now it is assumed to be without
interstitial ice and is partly removed by the sea. This gives
an opportunity to see, in cross section, the lower part of it.
As there are marine deposits underlying it with littoral



sediments in the upper part, it is possible to determine the
period of activity, knowing the age of this former sea le-
vel, fig. 5.

On the aerial photograph, it is possible to distinguish
two generations of this spatulate rock glacier, fig 2. The
outermost part, which may have a marine erosion scar 80
m a.s.l., and a younger one inside the rims of the first. The
surface morphology is characterized by longitudinal fur-
rows, some being excavated by running water,

Lobate rock glaciers no. 1-5 are the other type in the
Igpik arca, fig 2. The surface morphology is characterized
by transversal furrows and ridges. As no fresh debris in-
dicating movement is seen on any side of rock glaciers 2
and 4. these can be classified as inactive (Wahrhaftig and
Cox, 1959, p. 424).

On the other hand, reck glaciers no. 3 and 5 have steep
fronts, without lichens, but no sharp angle between the
front and upper surface. Accordingly they are classified as
reactivated lobate rock glaciers (Wahrhaftig and Cox,
1959, p. 427-8).

Rock glacier no. 1 is classified as active for the follow-
ing reasons: There is a sharp angle between the upper sur-
face and the front. The front, which exposes a matrix of
red clay and silt, stands with an angle of 42 deg. In the
front there is a horizontal line, below which the matrix
has a darker colour due to wetting, fig. 6. The very unst-
able talus at the foot of the front has a slope angle of 31
deg.

R R —
'

cone A 1o the right and block slope to the lefi. Notice the source-
arca, i.¢. the plateau basalts in the background of the photo (up-
per left part). Front view, Height of rock glacier is 80 m. (Photo
taken by Povl Frich date: 830728).

Calculation of rock glacier volumes
In this study we have only made the volume calculations
on rock glaciers nos. 2 and 3, as these are located inside
the local moraine, giving an maximum age of the rock
glaciers, and as they have a regular configuration, fig. 2.
The total width of the rock glaciers is measured on fig.
2 to be on the average 440 m. The lengih is measured
from the talus foot to the southern upper edge of of the
rock glaciers, giving an average of 250 m. According to
Wahrhaftig and Cox (1959) and Barsch (1977), a low va-
lue of mean thickness can be set 10 20 m. This gives a
total volume of 2,200,000 cu.m.

Measurement of talus volumes

As mentioned in a previous section, three cones were cho-
sen, because they represent three kinds of mass-wasting
processes, which all lead 1o talus cones when channeled,
The method applied here, however, is the same for all
three.

In front of each cone, a base line was established be-
tween two fixed points. Via intersection readings, a num-
ber of characteristic blocks on the cone {usually 5-7) were
defined in a three dimensional sphere, In addition, a
couple of points on the free-face were measured to sup-
port the photogrammetric map. Where outcrops of rock
existed in the vicinity of a cone, their exact position was
determined too.

Fig. 6. Billede visende lobat blokgletcher nr. 1, talus kegle A 1l
hojre og block slop'en til venstre. Bemerk kilde-omrdder dov.s.
plateau basalterne i baggrunden af billeder (overst til vensire). Set
Jforfra. Blokgletcherens hajde er 80 m.
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Table 1

CLASFIFICATION SCHEME (based on White, 1781}

NI RN e S S s S T T oSS SIS SESSIOEAE =N
I I I I
I I CONE A I COMNE E 1 CONE © I
1 I I I I
BRSSP A R P
I 1 I 1 I
1 81 cleft in I rockfall I cleft in 1
I 01 breccia I funnel in I breccia I
I U1 theight 70w} 1 basalts I (height 170m) 1
I kI I theight 240mw» I I
I CI+ vockfall I I chute I
I E I funnel 1n I I connecting I
I I basalts I I cleft with I
I AT theight 180m) I I cone |
I K1 1 L g
I EI I I I
I Al I 1 1
I 1 I I I
B L . T LT L L T T T LT T .
I 1 I I 1
I T 1 mmclination I inclination I snclimation T
I a1 30 - 31 deg. 1 33 -34 desg. I 20 -25 dea. 1
ILI 1 1 1
I U1 conver upper I almost I concave I
I &1 part with 1 strarght I profile I
1 I fall sorting I prafile with 1 throwghoot I
1CI 1 fall=sorting I 1
I 01 concave lower I thvoughout I no sortinag I
I H I part with 1 1 I
I E 1 none to mode- I avalanche- I multiple [
1 T rate sorting 1 track along I progion scars T
1 I I pastern edye I on upper pavt T
1 I debris flow 1 of cone I of cone 1
1 I channel along I I 1
1 I eastevn edge 1 ne vegetation I wholly 1
1 I of cone I I vegetated I
1 I 1 I except in 1
I I vegetation 1 I erosion scars I
) I in stripes 1 I 1
I I 1 I 1
T T T e =
1 I I I H
17T I boulder 1 avalanche I debris flow 1
I AT protected I fan tongues I deposits I
I LT debris tails 1 I {sorted) 1
ITurI I protalus I 1
I 51 fringe of I rawpart I willow and 1
1 I coarser debrisl I grasses 1
I FIencircling I lobate 1 I
I 01 base I vockglacier I 1
101 1 I I
I T I dense willow I birch 'lawn" I 1
1 I wegetation 1 1 1
I I 1 I I
B EEEEEEE RS it b Rt R b o o
1 I I I I
I T 1 avalanche I coalescing I alluwial 1
I ¥YI talus cone 1 rockfall I talus 1
IPI I talus cone/ 1 I
I1EI 1 cones I debris cone I
1 1 I I I
NSRS S FE A T RN S e R S S s ETS S SIS

The theodolite readings were made with an accuracy in
the vertical within 0.1 m. This is well below the accuracy
on determination of the mean sea level. As the coast of
Disko has semidiurnal tide, two swash bars are formed in
calm weather. From nautical tables, these levels are re-
lated to mean sea level, and subsequently the altitude of
point co (see fig. 3} was determined via trigonometrical
levelling. _

The length of the base line was from 168 to 360 m. It
was optically read on a stage and could not be checked in
the field due to lack of time.

The three dimensional coordinates were plotted on a
map in scale 1:4,000, and with the help of sketches and
photos obtained in the field contours were interpolated.
The location of rock outcrops served as a background, on
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Table 2 A & B

RESULTS
R S s S N T S S S T TR ST T E S AR ANEE AR S S e S e
A RECESSION RATE (wmeter/year!

Bt b SS aaa bt e PR LR PR R R S E F
1 1 1 1 I I 1
A I cone I ace. I acc. 1 sowvcel rec. 1
I cong 1 voluwe [ period I rate I avea T rate 1
I I cuiim I vears T cuamdy.l sq.m I mev I
1 1 1 I 1 | [
=======—_='-=77IiI.:ll.'_'l!!_'=|.2=========_—===========:===:=I
1 1 I 1 I 1 I
LA

SO0O0e I 7900 1 &3 44)l 30000 I 0.004% I
i I

1

[

1 1 L [ 1

I S0007 1 &5%idarl 25000 1 O.00487
1

1 I
1 1
1 L
I E FA5000 1 1
1 1 1 I I I
I._ —— e E— - i
1 1 1 ] I I i
I o« ToSG000 1 SB00 1 % (&F T 13000 1 0,0005 1
1 1 1 1 1 I

A RS T T TS EE TSRS THERE Lo e L J.E.2 <R3- J-1-F - E_+ F ]
1 1 1 1 1 I I
I B+ 1 3.1 1 %0007 1 344 I 1000001 0. 007471
I T will 1 1 (28§07 T 1 1
1 bez I 1 1 I I 1
1 1 I I L

# Including vock glacier & and 3.
() Reduced wilth an estimated pore wolume of 30 %,

Amw T8

Iyoavslmass trangfos

1 [ 1
1 1 1 I horo T owver, I
1 T I I I 1 I 1
1 K. 850 a I 490 a [ 4.4 « 1 9, 4560.81 90061 0.9 1 0.7 I
1 I I I I 1 1
1 I I 1 I I I 1
I T 5006 I 480 b I 1.6 c-dl O,4580.51 S0001 0.7 [ 0.7 1
1 I 1 I I I I
B B o o o o B S A R S o B S S e
1 together I 1.6 1T 1.4 1
B e P T T T e T L T
Fl: Rock Glacier
T: Talus
a: The distance 15 calculated as the length fvom

cresttop to the center of the rock glacier mass.
b: Likewise, to the center ot the talus wess.
< Calcuinted as mass=vol*hulk density.

The bulk density is set to 2.0 tScu.nm.
d: The estimated mass of talus cone K, C and LB/2,

which the cones were implaced. Finally the total volume
could be estimated by planimetering the areas shown in
fig. 7.

The lower limit of the cone was set to be the mean
altitude of the fixed points. The area of the free-face was
calculated on the basis of simple geometric figures. The
calculated free-face areas and cone volumes are listed in
table 2A.

Estimation of mass transfer

To get an estimate of the mass transport and an opportun-
ity to compare the area mass transport with other areas,
the relative mass transfer (tons x meter/sq.km/year) used
by Rapp (1960a) and Barsch (1977) is a tool.

The mass transfer can be calculated both as the vertical
and horizontal transport, we have done both. But while
Rapp (1960a) and Barsch (1977) calculated the mass
transfer from measurements of registered mass transport
occurrences, we had to make an estimate from the total
post-glacial mass transport. Only talus and rock glaciers
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Fig. 7. Sketchmap showing three-dimensional coordinates from
intersection readings 1o blocks on the cones A, B and ¢. In center:
Area distribution curves for the same three cones, For expla-
nation: See text.

are regarded in the estimate. The mass transfer is calcu-
lated for rock glacier 2 and 3 and for the feeding area, i.e.
cone B, C and part of cone D. The talus volume can only
be a guess. The calculation is also a check on the recession
rate for the B-cone, listed in table 2A and B.

THE GEOCHRONOLOGICAL DEVELOPMENT
At some time during the last Ice Age, climatic change led
to local cirque glaciation in favourable places, such as the
south coast of Disko, where windblown snow could ac-
cumulate. As the climate deteriorated, accumulation in-

Fig. 7. Tredimensionale koordinater fundet ved fremskering til
blokke pd kegle A, B og ¢. I midten: Hypsometriske kurver for de
samme kegler. Forklaring pd figurerne: Se teksten.

creased. We infer that two cirque glaciers developed and
merged north of the central peak, fig. 2 & 3.

During the Sisimiut glaciation, correlating with the
Late Wisconsinan (Kelly, in press), this glacier, through
backwearing, eroded the plateau basalts more rapidly than
the pillow breccia, building a platform on top of the brec-
cia. At some later time during the Sisimiut glaciation, this
glacier advanced down over the lower lying layers of brec-
cia. The tongues preferably eroded along the faulis in the
breccia. As a result of this, the pillow breccia surface was
formed into undulating surface-topography, which today
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can be seen in the coastal cliff as four troughshaped de-
pressions in the breccia, fig. 5 & 2.

When the Sisimiut glaciation culminated, the iceshield
over central Greenland reached its maximum size during
the last Ice Age, and as a result of this, large outlet glaciers,
loaded with gneiss and granite debris, filled the Disko
Bugt. On their way west the ice streams met the south
coast of Disko, and erratics from the Greenland mainland
farther east were mixed with local debris of volcanic ori-
gin from Disko Island. This material was partly deposited
as lateral moraines in the mouth of both Brededal and
Blasedal east and west of Igpik (O. Humlum, personal
inf.).

Several places in the coastal cliff there are lenses of yel-
low quartsitic sand. This sand, of Cretaceous age, is found
in situ only to the east of Igpik, and must have been trans-
ported by the Disko Bugt glacier. Furthermore, the crush-
ing of pillow lavas and subsequent accumulation of basalt
fragments, not evidencing longtransport through glacier
ice, points 10 a large local input of talus material on the
glacier surface.

The marine shells found at ¢. 65 m a.s.l. (Mya truncata
and Hiatella arctica, according to Funder, personal infor-
mation, 1984) are found on top of the basalt fragments.
As the shells are crushed with sharp fractures they cannot
have been deposited in a beach facies, as such a marine
environment leads to rolled or rounded fragments. Con-
sequently the sea level must have been at least 70 m
above the present one at the time of deposition.

The trough shaped depressions were filled with light
couloured material from the Disko Bugt glacier and with
matenial from icebergs. The diamict mentioned in fig 4
shows a large content of gneiss and granite erratics, a
crude stratification and marine shells 1n the bottom,
which indicate an origin as glacio-marine sediment. The
Precambrian rock fragments were covered by local mate-
rial, which the post-glacial sea rearranged as beach ridges
from 76 m a.s.l. and down.

Between 13000 and 10000 y.B.P., when the Sisimiut ice
sheet disintegrated (Kelly, in press), the Disko Bugt glacier
started to retreat. At first by frontal melting but later with
a calving front (because of the rapidly rising sea-level,
which is documented in the late-glacial marine limit in
this area). The upper marine limit, on the south coast of
Disko is found between 80 and 90 m a.s.l, (Funder, perso-
nal comm. 1984).

An unpublished “C dating on organic sediments from
a lake just east of Godhavn states that the outer part of
Disko Bugt was icefree before 10000 y.B.P. (Funder, 1985
personal information). There are other indications point-
ing to an early deglaciation of the Disko Bugt area (Wei-
dick, 1972, p. 24), as compared to other parts of West
Greenland. This could be caused by the rapid disinte-
gration of an ice shelf margin. The diamict (fig. 4) is also
an argument in favor of a shelf hypothesis.
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Fig. 8. Curve showing relative Postglacial uplift in the Disko Bugt
arca. (Compiled from Donner and Jungner (1975), Donner
(1978) and Weidick (1972).

Fig. 8. Kurve over den relative postglaciale landhavning | Disko
Bugi omrdder.

In the western part of the investigated area, the local
glacier had character of an ice-cored, tongue-shaped,
rockglacier, probably because the cirque glacier in this
part was completely covered by rock material from the
free-faces. A possible explanation of this difference be-
tween the eastern and western parts could be that the rock
walls are generally higher in the western part compared to
the eastern part. Furthermore there is a difference in ex-
posure, which can explain the bigger production of rock
material and cover of glacier ice.

Summing up, the following levels are important. The
upper marine limit has probably been detected as an ero-
sion scar on the flank of a spatulate rock glacier, having an
altitude of 80 m as.]. The next level is 76 m a.s.l. and
marks the highest-lying marine beach southeast of the la-
goon, The 60 m level can be followed along the western
part of the cliff, where it marks the level at which the
second spatulate rock glacier reached the lower plateau.

Absolute Ages
The maximum age of cone A and c is determined by the
age of the raised beaches underlying them. According to
the curve in fig 8, this gives a maximum accumulation
period for cone A of approximately 7900 '*C vears, and a
time of initiation of the c-cone around 5800 “C y. B.P,
The accummulation of cone B could start only after the
disappearance of the cirque glacier, which sets the maxi-
mum age of the cone. Both Denton and Karlén (1973),
and Mérner (1973) have investigated this topic, and a rea-
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sonable guess would be a date around 4000 to 6000 y.B.P.
At that time, which is also known as the Holocene clima-
tic optimum, one could expect that the cirque-glacier to-
tally disappeared from this area.

The local moraine system could be built up only after
the Disko Bugl glacier’s retreat. And it is therefore youn-
ger than ¢. 10000 y.B.P. A significant expansion of the ice
cap on Disko took place ¢. 9000 v.B.P. (Funder & Simo-
narsen, 1984 and Funder, personal comm, 1985) which
may possibly correlate with the moraine at Igpik,

DISCUSSION

Rapp (1960a. p. 116) has made calculations and compi-
lation of both recent and Holocene rockwall retreat rates
from different parts of the world. In addition, we have
compiled similar values from the literature since then. To
compare our results with those from other areas and other
rock types, the following scheme (table 3) is presented.

As regards the total Holocene rockwall retreat, some
observations have been made, e.g. Smith (1973), who
claims that the volume of lobate rock glaciers represents a
cliff recession of 60 m. Rapp (1960b, p. 86) has calculated
a total horizontal rockwall retreat of 20 m, based on the
horizontal distance between protruding interfunnel rock
outcrops, and the deepest parts of the funnels. Rapp
(1960b, p. 54-8) probably was wrong in interpreting lobate
rock glaciers as »glacial terraces« (Humlum, 1982a). Con-
sequently he did not include the volumes of these rock
glaciers at the talus foot, thus his conclusions on the ratio
between Holocene and total rockwall retreat of 1 :5-6 are
inconsistent. Consequently the above-mentiened rockwall
retreat must be regarded as a total Holocene value,

On the other hand, the observations made by Rapp
(1960 b) are valuable, as they document the presence of
the first visible bulge on a talus cone, i.e. an embryonal
rock glacier, which occurs on a talus cone situated below
a rockfall funnel, where the rockwall has receded app. 20
m. This observation is in accordance with our calcu-
lations from the Igpik area, which indicate a threshold for
the initiation of lobate rock-glaciers with a rockwall
recession rate of between 15 and 20 m/10000 y. This thres-
hold value is of course always dependant on the arca of
the free-face, and hence not as useful as the mass transfer
values discussed below.

The retreat rates in the Igpik arca arc generally high
compared with the other studies mentioned. The reason
for the high retreat rates must be seeked in the high ero-
dibility of the rock types represented. As the basalts are
very susceptible to weathering, i.e. frost wedging (Selby,
1982), and the red layers of clay and silt can supply water
during freezing, it is only the temperature oscillations that
limit the weathering (Washburn, 1979 and Selby, 1982),
The south exposition promotes frequent temperature os-
cillations.
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Barsch (1977) lists some values for the mass transfer
that Jaeckli found for the Swiss Alps, namely 78 10°
tonsxm/sq.km/y (vertical), and that Rapp found for Kar-
kevagge, namely 10- 10® tonsxm/sq.km/y (vertical). Com-
pared with these, our estimated mass transfer, 1400 10°
tonsxm/sq km/y (vertical), is very high. The reason for
this may be the high relief and the rock type, which, be-
cause of the high erodibility, produces much material -
but it could also be caused by the rough estimation and
the therefore following uncertainties in the figures.

Barsch (1977) calculates rock glaciers 1o be responsible
for 20% of the mass transfer in the Swiss Alps, while in the
Igpik area it represents about 50%. The reason for this
could be that the estimation has been made for a very
limited area.

We can say very little about the variation in the mass
transfer during the Holocene as a result of climatic vari-
ations, since the calculations are done on basis of total
mass volumes. It has not been within the scope of this
article.

Some of the estimates and conclusions have been based
on assumptions which further investigations can give
better base. Among others it would be proper dating in the
Igpik area with measurements on lichen growth and “C
datings of marine shells. It would be a construction of
measurement fields and a program for qualitative and
quantitative determinations of mass-movements and,
based on that, a calculation of a mass transfer for the area.

CONCLUSION

A geomorphological classification of the Igpik area has
been used as a prerequisite for quantification of the mate-
rials involved in different mass-wasting processes. These
have been performed through the determination of vol-
umes of three different talus cones, using theodolite read-
ings.

Based on radiocarbon-dated marine limits for the
Disko Bugt area, the beginning of talus accumulation has
been determined for two of the cones situated on raised
beaches. They are dated to about 5800 and 7900 “C vy,
B.P., respectively. By dividing the volume figures with
age, the average talus accumulation rates have been calcu-
lated, and the values are transformed into an average Ho-
locene rockwall retreat rate of 0.0005 and 0.0015 m/year,
respectively.

The volume of two lobate rock glaciers has been calcu-
lated to be 2,200,000 cu.m. and as they are located inside
local moraines tentatively dated to 9000 years B.P. the
average Holocene mass transfer has been estimated to
1.4 - 10* tonsxm/sq.km/year.

Through a comparison with data from other parts of
the world it is concluded that the rockwall retreat rates in
the Igpik area are generally high. This is most likely a
result of the rock types represented. The basalts are very
susceptible to fracturing, and as there are clay layers in the
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source areas, which can supply water for frost splitting all
surmnmer, the freeze-thaw processes are only limited by the
temperature oscillations. These in addition are very fre-
quent, as the rockwalls are exposed to the south. The ero-
dibility and high mass transfer seem to have been, and
still are, supporting rock glacier formation in a local ¢li-
matically mild area.
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Resumé

Igpik omradet er beliggende ti km ast for Godhavn pa sydkysten
af Disko. Geologisk set er omradet domineret af Tertizre basalt
formationer. Der er udfert en generel geomorfologisk klassifika-
tion af dette ca. tre km? store omride,

Begyndelsestidspunktet for akkumulation af to talus kegler, der
er beliggende pa havede strandvolde er blevet bestemt udfra “C
aldre p4 tdligere marine niveauer i Disko Bugt omridet. Deres
aldre er henholdsvis 5800 og 7900 '“C ar B.P.

Ved hjzlp af teodolit malinger er rumfanget af tre taluskegler
blevet bestemt. Den gennemsnitlige talus akkumulations hastig-
hed er beregnet for de to kegler pd den haevede marine flade. Ved
at devidere de fremkomne verdier (m*/ar) med kildeomridets
areal (m?) fis klippevaggens tilbagerykningshastighed. De gen-
nemsnitlige verdier udger h.h.v. 0,0005 og 0,0015 m/ar. For den
tredje kegle er tilbagerykningen beregnet til ca. 20 m/10000 ir.

Det totale volumen af to lobate blokgletchere er beregnet til
2,200,000 m?, og eftersom de er lokaliseret indenfor 9000 Ar
gamle lokale morzner, kan den gennemsnitlige Holoczne mass
transfer, gennem den tredje talus kegle anslds ul 1.4.100
tons - m/km?/ar,

Ved en sammenligning med resultater fra andre dele af verden
konkluderes, at tilbagerykningshastigheden for bagvapgene er
hej. Det skyldes dels det meget opsprekkede udgangsmateriale,
dels et lokalt klima, som fremmer forvitringen. Blokgletscherdan-
nelsen er i Holoczn blevet fremmet af den store materialepro-
duktion.
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Barsch (1977) lists some values for the mass transfer
that Jaeckli found for the Swiss Alps, namely 78 10°
tonsxm/sq.km/y (vertical), and that Rapp found for Kar-
kevagge, namely 10- 10® tonsxm/sq.km/y (vertical). Com-
pared with these, our estimated mass transfer, 1400 10°
tonsxm/sq km/y (vertical), is very high. The reason for
this may be the high relief and the rock type, which, be-
cause of the high erodibility, produces much material -
but it could also be caused by the rough estimation and
the therefore following uncertainties in the figures.

Barsch (1977) calculates rock glaciers 1o be responsible
for 20% of the mass transfer in the Swiss Alps, while in the
Igpik area it represents about 50%. The reason for this
could be that the estimation has been made for a very
limited area.

We can say very little about the variation in the mass
transfer during the Holocene as a result of climatic vari-
ations, since the calculations are done on basis of total
mass volumes. It has not been within the scope of this
article.

Some of the estimates and conclusions have been based
on assumptions which further investigations can give
better base. Among others it would be proper dating in the
Igpik area with measurements on lichen growth and “C
datings of marine shells. It would be a construction of
measurement fields and a program for qualitative and
quantitative determinations of mass-movements and,
based on that, a calculation of a mass transfer for the area.

CONCLUSION

A geomorphological classification of the Igpik area has
been used as a prerequisite for quantification of the mate-
rials involved in different mass-wasting processes. These
have been performed through the determination of vol-
umes of three different talus cones, using theodolite read-
ings.

Based on radiocarbon-dated marine limits for the
Disko Bugt area, the beginning of talus accumulation has
been determined for two of the cones situated on raised
beaches. They are dated to about 5800 and 7900 “C vy,
B.P., respectively. By dividing the volume figures with
age, the average talus accumulation rates have been calcu-
lated, and the values are transformed into an average Ho-
locene rockwall retreat rate of 0.0005 and 0.0015 m/year,
respectively.

The volume of two lobate rock glaciers has been calcu-
lated to be 2,200,000 cu.m. and as they are located inside
local moraines tentatively dated to 9000 years B.P. the
average Holocene mass transfer has been estimated to
1.4 - 10* tonsxm/sq.km/year.

Through a comparison with data from other parts of
the world it is concluded that the rockwall retreat rates in
the Igpik area are generally high. This is most likely a
result of the rock types represented. The basalts are very
susceptible to fracturing, and as there are clay layers in the
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source areas, which can supply water for frost splitting all
surmnmer, the freeze-thaw processes are only limited by the
temperature oscillations. These in addition are very fre-
quent, as the rockwalls are exposed to the south. The ero-
dibility and high mass transfer seem to have been, and
still are, supporting rock glacier formation in a local ¢li-
matically mild area.
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Resumé

Igpik omradet er beliggende ti km ast for Godhavn pa sydkysten
af Disko. Geologisk set er omradet domineret af Tertizre basalt
formationer. Der er udfert en generel geomorfologisk klassifika-
tion af dette ca. tre km? store omride,

Begyndelsestidspunktet for akkumulation af to talus kegler, der
er beliggende pa havede strandvolde er blevet bestemt udfra “C
aldre p4 tdligere marine niveauer i Disko Bugt omridet. Deres
aldre er henholdsvis 5800 og 7900 '“C ar B.P.

Ved hjzlp af teodolit malinger er rumfanget af tre taluskegler
blevet bestemt. Den gennemsnitlige talus akkumulations hastig-
hed er beregnet for de to kegler pd den haevede marine flade. Ved
at devidere de fremkomne verdier (m*/ar) med kildeomridets
areal (m?) fis klippevaggens tilbagerykningshastighed. De gen-
nemsnitlige verdier udger h.h.v. 0,0005 og 0,0015 m/ar. For den
tredje kegle er tilbagerykningen beregnet til ca. 20 m/10000 ir.

Det totale volumen af to lobate blokgletchere er beregnet til
2,200,000 m?, og eftersom de er lokaliseret indenfor 9000 Ar
gamle lokale morzner, kan den gennemsnitlige Holoczne mass
transfer, gennem den tredje talus kegle anslds ul 1.4.100
tons - m/km?/ar,

Ved en sammenligning med resultater fra andre dele af verden
konkluderes, at tilbagerykningshastigheden for bagvapgene er
hej. Det skyldes dels det meget opsprekkede udgangsmateriale,
dels et lokalt klima, som fremmer forvitringen. Blokgletscherdan-
nelsen er i Holoczn blevet fremmet af den store materialepro-
duktion.
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