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Abstract

Sendre Stremfjord and its continuation, the valley of Sandflugtdalen, con-
stitute a morphological border between two types of landscapes. Towards the north
the main morphological direction of valleys and ridges runs ENE-WSW parallel
with the folding axes and diaclases of the Precambrian, whereas ice erosion seems
to have influenced the relief much more towards the south where the main lines
run SE-NW.

The sediments found around Sandflugtdalen are surprisingly homogeneous
silt deposits, regardless of their origin. The mean grain size is about 30 microns, the
sorting is very good, and the content of both sand (> 62 x) and clay (<4 u) very low.

There are several salt lakes in the area and a belt of water mosses (Drepano-
cladus aduncus) is often seen along their banks, at some places pressed together
in ridges with a surface layer of 15-20 cm sphagnum peat with pure ice below
Also hillocks, solifluction terraces and other periglacial forms are abundant in the area.

The salt lakes of this area are peculiar in that their ion content differs strongly
from that of other salt lakes. The salinity is about 3 °/y,, but sulphate ions are almost
completely lacking. The reason is that in spite of the arid climate, evaporation is
very low because of the low summer temperature (below 10°C) and in addition, the
soil is kept moist by the slowly thawing permafrost. The area around the lakes is
therefore covered with a rich and abundant vegetation. The 30-40 cm of the soil
that will thaw during the summer months are consequently very rich in humus and
have reducing conditions. Thus, sulphate ions contained in the water seeping through
will be reduced to sulphide and precipitate in the soil together with the iron, whereas
the chlorine ions, which do not produce insoluble compounds, will continue unchanged
out into the lake.
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PREFACE

In 1962 1 visited Greenland with the main task of making limnolo-
gical and sedimentological investigations, however I took the oppor-
tunity also to study other geological and physiographic phenomena in
the areas visited. Especially the region around the head of Sendre
Stromfjord presented many interesting aspects. The scarse time at my
disposal allowed only a preliminary reconnaissance, however, and a later
working up of the collected material revealed that a second visit to these
regions would be necessary.

By benevolence from professor, dr. AxeL Scrou, head of the Geo-
graphical Institute of the University of Copenhagen, as well as from
the foundation Carlsbergfondet, and the Ministry for Greenland the
necessary means were granted for a new visit in the summer of 1965
with the necessary assistance for the field work.

I am greatly indebted to these institutions and hereby bring them
my deepfelt thanks for the grants received. For all help and guidance I
also wish to thank most cordially the scientific leader of Arctic Station
at Godhavn, ToRBEN ANDERSEN, M.Sc., as well as Mr. HARRY CHRISTEN-
seEN and the Danish liaison officer, Major HERMANDSEN from the Danish
Air Force, all of whom willingly yielded us the necessary assistance.
Last, but not least, I am indebted to my two assistants, KirsTEN and
NierLs NIELSEN, both M.Sc., for excellent work in the field and for the
very pleasant company they were to me.

Geographical Institute KaAas HANSEN
University of Copenhagen,

May 1969
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INTRODUCTION

The area between Sukkertoppen Iskappe and Disko Bugt was long
almost unexplored and only known to the Greenlanders who had their
hunting grounds there for caribou; the primitive means of travel, com-
mon as late as in the 1930’s by umiak (women’s boat) as far upstream
as possible and the rest of the way on foot, made life en route trouble-
some and gave only a superficial knowledge of the nearest surroundings.

With the building of the new airport at the head of Sendre Strom-
fjord it became possible to investigate the area in greater details, however,
and on the basis of air photographs, excellent topographical maps have
been drawn with a contour line interval of 50 m.

I. EARLIER INVESTIGATIONS

The first European visitor to these regions was the clerk O. V. NIEL-
sEN, at Holsteinsborg. In 1830, he went by dog sledge accompanied by
three Greenlanders to the head of Amerdloq and farther on to Indlands-
isen, which he climbed (Bosg, 1921). Presumably, he took the same
route as NorpENskIOLD and HosBs did much later.

In 1879 J. A. D. JEnsEN and KornNErup travelled to the head of
Nordre Stremfjord (Nagssugtoq) and farther upstream the river Kik
to Indlandsisen (JENSEN, 1881). In 1884 JENSEN revisited these regions
and disembarked at the southern branch of Sendre Stromfjord at Umivit
south of Néakajanga, from where he continued through Aussivigssuit to
Indlandsisen (JENSEN, 1889). PsiTursson (1898) had visited the inner-
most part of Nordre Isortoq and left a few notes.

In 1909 NorDENSKIOLD was in these regions. He came through a
valley, which from the northern branch of Ikertdq, at Maligiaq, leads
to the big lake called Taserssuaq. From here, he continued to Indlands-
isen, near the glacier Isunguata sermia (NorpENskIoLD, 1910, 1914).
Although NorDENSKIOLD, contrary to J. A. D. JENseN, walked on the
plateau itself and consequently had a better view, the whole region was
still so unknown that the map of Holsteinsborg district (Meddelelser om
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Gregnland, vol. 61) presents it as a large, white spot with a few dotted
lines to indicate the presumed course of the valleys up to Indlandsisen.
In 1926, the first expedition from Michigan University roughly
followed NORDENSKIOLD’s route up to Isunguata sermia, by Hosss
called “Nordenskiold’s Glacier” (Hosss, 1927). This expedition lasted
only a few days, whereas the second one from Michigan University, in
1932, (BELkNaAP, 1941) stayed at the present Stremfjordshavn rather
long and made observations along Sandflugtdalen up to Indlandsisen.
Later, BocHER visited the area repeatedly (BocuEr, 1949, 1959).
RoEN was here in 1959 together with BocHER and in 1962 together
with the author, who also visited the district in 1965. Furthermore,
RAMBERG, NOE-NYGAARD, and AsGER BERTELSEN have studied the area.

II. MORPHOLOGY

Studies of maps and air photos show very clearly that Sendre
Stromfjord and its continuation, Sandflugtdalen, draw a line of demar-
cation between two areas whose main morphological direction lines in
mountain ridges and drainage systems run nearly at right angles to
each other, ¢iz.: in the northern area ENE-WSW and in the southern
part SE-NW.

The Northern Area

In a letter to J. A. D. JENSEN, SAMUEL KLEINScHMIDT writes that
as far as he knows the interior of the country is not high in altitude; it
is said to consist of vast plains and low, hilly mountains (JENSEN, 1881).
When travelling there in 1884 JensEnN and his companions climbed
Pingo north of the lake Taserssuaq from where the view is described as
follows: “While the wide valley east and west of the viewpoint presented
itself as a long, straight street, allowing the eye to follow the numerous
windings and ramifications of lakes and rivers, all the valleys towards
 the north and the south were hidden by parallel ENE-WSW going
mountain ranges, which, especially towards the south, occurred with
such a regularity that the landscape resembled huge ploughlands seen
transverse to the furrows”. (JENSEN, 1889).

In 1897, Fropa and Pstrursson travelled via Nordre Stremfjord
(Nagssugtoq) to Qardlinguit, and from here over the mountain to the
valley occupied by the lake Ilivigdlup tasia (PETERSEN, 1898). Fropa
describes the country as a highland at a level of abt. 300-450 m, from
where undulating, small ridges and hills reach the height of 600-800 m
and with small lakes everywhere. In the same report PJETURsSON wrote
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that from a mountain, about 400 m high, one saw towards the west
fairly many grey, naked mountains of the same height as the obser-
vation mountain with numerous lakes in between. Both towards the
south and the east the mountains had nicely rounded forms. Especially
in the southern part of the area, visited on foot by Fropa and PsETURrs-
son, they noticed plenty of morainic material, and some of the rocks
had faint, glacial striae running SE-NW. In the higher-lying places
only arratic boulders were found, angular or more or less subangular,
whereas the intermediary, lower stretches had enormous masses of gravel.
and sand mixed with boulders. So to say all projecting rock ridges had
morainic gravel around them and from the rock core a ridge of gravel
was often extending, mostly oriented towards the ice, whereas smaller
heaps of gravel lay sheltered behind the rock.

NorpENSKIOLD (1910) writes: “It is a queer landscape. The country
is rather low-lying, intersected by wide valleys from which low, but
steep, mountain chains rise. Countless numbers of lakes are seen in the
valleys, some are large, but most of them are small: some of them, in
any case, are distinct rock basins. Peculiar enough, no marked glacial
topography is found.

Two factors have been of importance to the topography of the
Greenland landscape: partly the strike and the gradient of the gneiss,
partly the unusually high degree of weathering. It is evident that for
long periods the ice has not covered more of the landscape than it does
at present. It is obvious that the ice is in an alien area, where, perhaps
as in earlier stages, it does not regenerate. Fluviatile gravel is seen, but
no extended occurrences of moraine’.

Later, NorDENSKIOLD (1914) wrote: “Generally, the landscape does
not have the character of plains. The valleys, as well as the low passes
300-400 m above sea level, are wide and flat and in between them broad,
rounded ridges rise, here and there also isolated hills. The greater part
of the area is covered with a loose layer consisting of angular stones,
presumably a weathered and rebedded moraine, which is not of much
thickness, however. Where the rocks lie in the open, they are frequently
weathered and the ridge form is mostly determined by the strike and
the gradient of the gneiss.

In summertime streaming water is scarce, and between the two
large main valleys, Isortoq and Sendre Stremfjord with tributaries, the
water has nowhere eroded valleys of some importance, whereas there
are numerous lakes of various size, rock basins as well as lakes surrounded
by moors and loose soil. Some are typical narrow valley lakes, others
are irregular depressions bordered by rock ridges”.

NorpENskI1OLD presumed that he observed an old, during the Ter-
tiary raised peneplain which had later cracked in the margin zones,
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whereas it did not break under the ice. He compares it with the tran-
sition zone between the central and the north-eastern part of Sweden.
Both Hosss (1927) and BELkNAP (1941) describe the landscape as roches
moutonnées of moderate relief, predominantly carved by the ice.

The contour maps 66 V.1, V.2 and 67 V. 1, V. 2 from the Geodetic
Institute (Enclosed 66 V.2 and 67 V. 2) show that the northern area
falls into three sections. Southernmost towards Sandflugtdalen a rather
low-lying region with hills between 200-500 m above sea level, which
towards the north is bounded by the upper reaches of Isortogelven to the
point where this turns sharply NNW. From here, it continues with di-
rection WSW towards Maligiaq and farther on along the north side of
Amerdloq to Holsteinsborg. To the west, this zone becomes more and
more narrow and finally, it is restricted to the valley with the lake
Taserssuaq mentioned by NorpENski6Lp and Hosss.

The surface of this section forms markedly flat valleys running
WSW-ENE and with innumerable larger and smaller lakes, often in
long chains (figs. 1 and 2). There are no tributaries and outflow from the
lakes, but from the air one can observe them connected by fresh green
vegetation bands, which hint at seepage of water through the dip. The
landscape is so young that the streams have not yet eroded gullies be-
tween the lakes, and these have, as seen at many places in Greenland,
no proper outlet, but only an overflow, i.e. a small ditch merely a few
centimetres deep. Sometimes the small lakes are drained transverse to
the longitudinal direction of the area into one of the deep valleys (Sand-
flugtdalen or Kiik).

During the period of snow melting these longitudinal valleys pre-
sumably make up one big lake with outlets at both ends into the deep
valleys and through gaps in the mountain ridges. In summertime, how-
ever, water only seeps from the surface of the still thawing permafrost
out into the lakes.

To the north we have the second, higher-lying section, bounded to
the north by Nordre Isortoq and a valley which from its eastern part
leads toward ENE to Kik. The highest parts lie along the south bank
of Nordre Isortoq and here reach heights of up to 1400 m. East of Kik,
the area is lower and reaches only 800 m at few places, but largely with
a similar relief (fig. 3).

The third section, situated north of Nordre Isortoq, is again lower-
lying and forms an archipelago area along Nordre Stromfjord; heights
of 1000-1500 m are only found in a small area, at Akuliaruserssuaq,
just north of Nordre Isortoq. To the east and northeast the heights are
generally below 700 m and with decreasing altitudes towards the north
and the east. Also here the landscape has changed. North of the inner
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Fig. 1. Air photo of the plateau located just north of the innermost part of Sand-
flugtdalen, which can be discerned in the background to the right. In the foreground,
the two long lakes Saningassoq and Aujuitsup tasia.

Photo 2782.

Fig. 2. The plateau between Sandflugtdalen and the valley containing Isortoq-

elven and with the glacier Isinguata sermia in the background. The photo shows

the many cirques and other evidence of glacial erosion and also that the steep valley
sides turn towards the south.

Photo 2780.
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Fig. 3. The landscape north of upper Isortogelven. It appears very clearly how the

diaclases of the gneiss determine the relief with the steep southern walls and the

more gently sloping northern valley sides. It is also seen that in some places the

diaclases have caused formation of lakes, presumably shallow, beneath the steep
southern walls, but also here are clear traces of cirques.

Photo 2781.

Fig. 4. Further to the north the valleys widen and loose sediments cover the floor
in which the rivers meander. The valley sides are still parallel rock ridges with steep
south sides and more gentle north sides.

Photo 2783.
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Fig. 5. Farther up towards Disko Bugt, whose icebergs are faintly seen behind the
plain which is dotted with lakes in the loose sediments. The significant rows of rocks

display the structure of the diaclases.
“ Photo 2784.

part of Nordre Stromfjord the valleys are wider and have small meander-
ing streams (fig. 4) In the northernmost part, they have changed into
green plains dotted with small lakes. Rising from the plains, parallel
rows of mountain ridges still run in the direction WSW-ENE (fig. b).

The Big and Deep Glacial Valleys

BeLkNAP (1941) writes that these are of a special character. They
are fed with glacial meltwater and do not have their maximum rate of
flow in humid periods, but rather in summertime, and mostly their rivu-
lets disappear in winter. They have an irregular gradient.

Two glacial valleys of this kind are found in the northern area:
the valley of Kiik which opens on to the southern ramification of Nordre
Stromfjord, Kip akua, and the valley of Isortoqelven.

In its full extent, Kilk runs transverse to the catchment system of
the plateau. The valley floor is even and near Indlandsisen it lies not
more than 100 m above sea level. In 1879, J. A. D. JEnsEN and KorNE-
rRUP travelled through the valley. JEnNseEn (1881) gives the following
description: ‘“The river carries so much sand and clay which is deposited
at the outlet into the fjord that the depth of it decreases so gradually
that it is difficult to decide where the fiord ends and the river starts.
At the mouth, the river divides into several branches between clay bars;
onboard the umiak, however, we succeeded in rowing nearly up to Ind-
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landsisen, where the river Kautorissat discharges into the valley. At
several places along the river the mountains give space to a broad fore-
land”. At Kautorissat water samples were taken; a later determination
of the content of mud gives the following result:

158 g water contained 0.0372 ¢ mud = 0.235 g/
157¢g - - 0.0312g - =0.198 g/1
150 g - B 0.0325g - =0.215¢/

The substantial quantities of mud cause a continuous growing of the
mouth of the river farther out into the fjord; but already at that time
the journey was so troublesome that it took four days because of strong
current and the many clayey banks.

The innermost part of the valley of Isortoqgelven is filled up by the
glacier tongue Isunguata sermia. The first 22.5 km of the valley run
parallel to the general structural direction of the area, then it bends
sharply towards NW until it meets the outlet from the lake Ilivigdlup
tasia, where it turns WSW again and joins the Nordre Isortoq at Umivik.
The easternmost part of the valley forms the boundary between the
southern area (Ikertoq Gnejsen) and the intermediate area (Isortoq
Gnejsen). A more detailed description of the valley is not given. Kor~NE-
rUP and JENSEN did not reach farther than to the mouth of the river.
JENSEN (1881) writes that formerly the river is said to have been navig-
able for umiaks as far as up to its source at Indlandsisen, but in the
course of time, much clay has accumulated, the course and the windings
of the river have become so numerous and complicated, and the current
flow so heavy that Umivik can only be reached in July and August when
the current is the weakest. At Umivik samples were also taken of the
river water for later determination of content of mud; the result was:

158 g water contained 1.4424 ¢ mud = 9.129 g/1
152 ¢ - - 1.4810 g - = 9.844 ¢/l

The Southern Area

The area bounded to the north by Sendre Stromfjord and Sand-
flugtdalen and to the south by Indlandsisen and Sukkertoppen Iskappe
is even less known than the northern area.

In 1884, J. A. D. JENsEN visited the valley joining Sendre Strom-
fjord in Umivit south of Nakajanga. He states (JENSEN, 1889) that the
river flows into Sendre Stremfjord through a large horizontal terrace
overgrown with willow scrub. Along the river banks and in the mid-
stream islands several smaller sand dunes are seen, made by the fine
sand and clay which the river carries along. The walk on the terrace
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is so even and comfortable that it would have been possible to use horse
and carriage for transportation of luggage except for a few places where
the river runs too close to the steep valley side. A well-worn path shows
clearly that this easy access to the region to the east is used every year
by many caribou hunters. After about 15 km the path leaves the river,
takes more to the north and leads to a big lake, Angmalortoq, with a
summer camp for caribou hunters at the southern bank. According to
reliable Greenlanders, salmon is found there, which is peculiar since the
lake has no outlet. The banks consist of white, laminated clay in thin,
almost horizontal layers.

Two expeditions from Oxford University have visited the southern-
most part of the area, namely in 1935 (Haywarp, 1936) and 1936 (Morr,
1937). They started from Sendre Stremfjord along Safartéq and con-
tinued south to the northern marginal zone of Sukkertoppen Iskappe
and the tongue which discharges into Evighedsfjord from Indlandsisen.
These two firn areas are separated by a valley stretching towards SW
to Evighedsfjord and with watershed southwest of the east-end of the
big lake Tasersiaq along the northern margin of Indlandsisen, about
700 m above sea level. Already BENDIXEN (1921) mentions this valley,
and it is clearly marked on the map of Sukkertoppen district in Med-
delelser om Grenland, vol. 60 and 61 with accompanying atlas.

Further, Kaiser (1928) writes that the Sukkertoppen Iskappe is
not an outlet from Indlandsisen, but ‘“‘a number of coalescing ice caps
which owe their existence to the considerable mountain heights of these
localities”. Thus, it is incorrect when BOcHER (1956) states that ‘‘the
glaciated firn around Evighedsfjorden is in direct connexion with the
inland ice eastward”.

The first of the expeditions from Oxford University was only made
to get an idea of the area. From the second one, SucpEN (Mort, 1937)
describes the area northeast of Sukkertoppen Iskappe as a 4000 ft
(1220 m) high plateau, deeply eroded by glacial valleys. Their direction
and form and especially the fact that some of the valleys continue at
the other side of Sendre Stromfjord, indicate a widespread influence of
faulting. Thus, west of the fjord, the Sarfartoq valley continues in the
Itivdleq fjord; but according to SuGDEN, the canyon of the upper part
of Sarfartoq was cut into a structurally weak zone. The bottom of the
lower Sarfartoq valley is covered with a thick layer of glacial silt that
was apparently deposited at a time when the valley was a lake. On the
whole the river leaves the impression that it has been eroded into the old
lake floor which is now seen as a 24.38 m high terrace at the outlet into
the fjord, whereas it only reaches 9.14 m at the mountain, ‘“The Island”,
which rises from the valley floor and bars the view. These levels correspond
fairly well to the shorelines at the mouth of Sendre Stromfjord.
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SuGpEN is further of the opinion that the Tasersiaq valley is of
typical glacial origin. Former, higher levels of the lake are indicated by
raised beaches and promontories and it has presumably had an over-
flow into Evighedsfjord through the valley situated between Indlands-
isen and Sukkertoppen Iskappe, which at that time is likely to have ex-
tended to the valley lying west of the lake, the outlet of which it has
dammed towards NW.

The rocks found in the area visited by the Oxford Expeditions are
a greyish-brown gneiss with numerous dolerite veins in it. The prevail-
ing strike of the gneiss is ENE-WSW. In the neighbourhood of the fjord,
the dolerite intrusions were found to be most frequent and to become
more scarce at the western end of Tasersiaq. The gradient of the sheets
towards NNW has contributed to the formation of escarpments with
the steep slopes towards the NNE.

From maps and air photos made by Geodetic Institute in Copen-
hagen it appears that the topography of this southern area is quite dif-
ferent from the northern part. The main topographical direction of val-
leys and mountain ridges runs SE-NW, i.e. almost at right angles to the
directions prevailing in the northern area.

The southern area can be divided again into a northern and a sou-
thern section. The boundary between them runs from Angujartorfik
at the south coast of Sendre Stremfjord, along the upper part of Angu-
jartorfiup kiia and Arnangarngup ktia, NE toward the upper reaches of
Qangatap ktia, and then on to Indlandsisen.

The northern section (Pl. 1) is characterized by lengthy mountain
ridges separated by wide and deep valleys alligned in a NW-SE direction.
The rivers occupying the two easternmost valleys originate from Ind-
landsisen. The lake of Taserssuaq fills the central part of a valley ter-
minating in the bay of Tatsip atd, while the lake has its outlet toward
SW to the next big valley, through which Angujartorfiup kta flows.

The mountains lying between these valleys are very different from
the mountain ridges in the northern section. They are broader and have
an uneven surface dotted with many lakes which do not lie in chains.
These lakes, however, often traverse the longitudinal direction of the
massif. Several of them have no outlet. The massifs are broken by wide,
flat valleys with clear evidence of water erosion in the floor as well as
erosion gullies in the end slopes. In general, the shape of the ridges is
more rounded than in the northern section, and when steep, vertical
walls occur they front on the SW.

On the whole, the southern section is higher-lying, 1000-1300 m,
with the highest altitudes in the southwestern part, (Pls. I and II).
However, it has more the appearance of a plateau bisected by fluvial
erosion valleys running NW-SE. Southernmost, the whole zone is cut
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through by one erosion valley, Kangimut kugtoq, which has its source
in the west and falls toward the east in the direction of Indlandsisen.
In the east-end it has outlet southward into the long valley with the
lake of Tasersiaq; now, this drains toward the NW through the canyon
of Sarfartdq, but as mentioned above, it may originally have had its
outlet toward SW to Evighedsfjord through the valley between Ind-
landsisen and Sukkertoppen Iskappe.

Certainly, the appearance of these landscapes is mostly the result
of an interaction between the structure of the gneiss and the erosion
from ice and water.

The Folding Zones of the Gneiss

In the Greenland Precambrian, between Sukkertoppen Iskappe and
Disko Bugt, two foldings are recngnizable (RAMBERG, 1948, Noe-Ny-
GAARD, 1952, Nok-Nycaarp and RamBERG, 1961, BERTHELSEN and
Noe-Nycaarp, 1965, Noe-Nycaarp and BERTHELSEN, 1952). The
boundary between the foldings runs eastward from the Itivdleq fjord,
across Sendre Stromfjord, and continues eastward to Indlandsisen.

The southern orogeny has been named the Kangamiut complex by
RamBERG (fig. 6). It is a hypersthene-bearing quartz-dioritic gneiss with
the main strike in a SW-NE direction. The gradient is very steep. The
complex is estimated to be of the same age as the Ketilides orogonies
in South Greenland (WEGMAN, 1938). The Kangamiut complex is fairly
homogeneous and relics of obvious sedimentary origin are seldom. It
has undergone a recrystallization and a metasomatic transformation un-
der regional metamorphosis conditions corresponding to the granulite
facies. The Kangdmuit complex is characteristic by the innumerable
basic inclusions in the shape of thick swarms of vertical diabase dykes
that interject the complex in south-westerly direction.

To the north and farther up to Jakobshavn, a younger orogenic
complex is found, which RaMBERG called the Nagssugtoqides. They are
folded along NE-SW striking axes. Between Sendre Stremfjord and
Nordre Isortoq the Nagssugtoqides dip toward the SW, in Nordre Isor-
toq toward the east, and farther northward they are horizontal. The
Nagssugtoqides are divided into three zones according to degree of
regional metamorphosis.

Southernmost lies the Ikertoq gneiss, stretching from the Kangéa-
miut complex toward the north to the line along the Amerdloq south of
Holsteinsborg and farther eastward in the direction of the strike and
up to Indlandsisen. The Ikertoq gneiss is strongly dominated by the
fact that parts of the Kangdmiut complex were affected by this younger
folding; thus, the diabases have been folded, distorted and recrystallized

188 2
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Fig. 6. Sketch map showing the different metamorphic facies of the Nagssugtoqides
in West Greenland. The Egedesminde gneiss complex and the Ikertoq gneiss complex
are formed in amphibolite and partly epidote amphibolite facies. The Isortoq gneiss
complex is formed in granulite facies. The boundary zone between the old Kangdmiut
complex and the younger Nagssugtoqides is also indicated. (RAMBERG, 1948)

into amphibolites affected by metasomalism and broken into large
boudins.

North of the Ikertoq gneiss we find the Isortoq gneiss; this extends
up to a boundary starting from the entrance of Arfersiorfik, takes a
zigzag course southward to Ataneq, then curves first north-eastward to
Arfersiorfik and along this towards the southwest to Kigssaviat at the
south-western part of the island called Tunertoq. From here the boun-
dary turns southward to Nagssugtoq and follows its southern branch,
after which it is presumed to bend more toward the east and then up to
Indlandsisen. The main rock of the Isortoq gneiss is a hypersthene-
bearing quartz-dioritic gneiss (an enderbite similar to the main gneiss
that is found in the older folding chain of the Kangdmiut complex).
The enderbitic gneiss is homogeneous over large areas, but in general
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it is full of schlieren, inclusions and boudins of hypersthene-bearing
amphibolites. The metamorphosis has occurred in granulite facies; it
has a higher degree of metamorphism as compared with the north- and
south-lying areas.

Northernmost lies the Egedesminde gneiss, which is a light rock of
granodioritic composition, recrystallized in epidote-amphibolite and
amphibolite facies.

The Ikertoq and the Egedesminde gneiss have many similar features.
Both are granodioritic gneisses containing biotite and often also green
hornblende and/or epidote; both of them have amphibolite bands and
boudins, whereas ultrabasic rock is seldom observed. The difference
between them is that rust-brown zones containing pyrites and graphite
and a little marble are often encountered in the Ikertoq gneiss, which
has a natural explanation as it is partly reactivated Kangamiut gneiss
with diabases. Marble is not found in the Egedesminde gneiss, whereas
a large zone with albite porphyroblastic schists, unknown in the Ikertoq
gneiss, is encountered here.

The Isortoq gneiss is more intensely metamorphosed than the other
two gneisses, and a marked difference in composition can also be ascer-
tained. The enderbite gneiss is poor in potassium and water, and the rate
of Fet+++/Fet+ is small compared to the main gneiss of the Ikertoq and
Egedesminde complexes. The whole Nagssugtoqide complex has been
formed by an orogenic deformation of an east-west geosyncline. The
Ikertoq gneiss, however, is reactivated Kangamiut gneiss.

Of still greater importance to the morphology of the area are the
diaclases. KorNERUP (1881) writes that everywhere between 60 and 70°N
one has the impression that a certain relationship exists between the
diaclases of the mountains and the relief of the landscape. The interfaces
in every mountain ridge, every valley, sound, bay, small fjord and islet
group are formed by the diaclases or the cleavage planes; but what
especially leaps to the eye is the parallelism which is still distinguishable
in the roof-shaped mountain ridges and consequently also the intervening
groove-shaped depressions or valleys, in any case within the visual
range, and it is surprising to notice the constant position in cleavage
plane over long distances. The idea suggests itself that these diaclase
systems have occasioned the occurrence and shape of all depressions
and elevations in the original gneiss surface, and KORNERUP expresses
the hope that various problems concerning the fjords, especially their
frequent parallelism and bifurcation, will find their solution here.

Finally, KorNERUP suggests that it would be reasonable to presume
that the fundamental elements of the present surface were already
brought about before water and ice began their erosion work, but that
the diaclases have been the indispensable contributing factor. For a
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satisfactory explanation of the evolution of fjords it should therefore
neither be necessary to credit water and ice for supernatural forces, nor
to postulate that the period of action has been tremendously long. The
work of the ice has largely been to detach, disintergrate and remove the
rock material that was already split by the diaclases, material which
apparently long ago covered and partly constituted the surface of the
ground prior to Indlandsisen. The later work of the ice was therefore
mostly a rounding and smoothing of the angular forms, whereas a real
cutting in solid rock presumably only took place under specific conditions.

Everywhere in this gneiss area the relief possesses a step-like ap-
pearance with steep, vertical walls towards south and west and more
gentle slopes towards north and east; furthermore, the wide, flat east-
west going valleys are characteristic with steep northern slopes and more
gentle ones on the southern side, whereas valleys of this kind are more
seldom in the direction N-S; when they do occur they are very deep.

Today, both contour maps and air photos from the area north of
Sendre Stremfjord show clearly that the folding axes of the gneiss and
the strike of the diaclases have been of great importance to the genesis
of the landscape. Presumably, ice erosion has also contributed to the
development of these long, wide valleys going WSW-ENE with their
long chains of lakes.

The greater part of the Greenland lakes, which have been investi-
gated more detailed so far, proved to be shallow (ReEn, 1962, K. Hax-
SEN, 1967). Depths of 4-5 m are common for lakes located in the E-W
going diaclase valleys, but few lakes are deeper than 10-12 m. This will
presumably also be true for most of the lakes in the area discussed here;
they are probably product of ice erosion, which has given the substratum
an uneven, undulating form. From the air photo, fig. 1, however, clear
cirques can be observed and some of the lakes look like cirque lakes
presumed to be rather deep (Strowm, 1935).

Farther northward, at Naternoq in the Egedesminde gneiss, marine
deposits have contributed to create the big clay plains (LAurseN, 1950),
but also here the emerging rocks lie in parallel rows and are marked by
the strike of the diaclases (fig. b).

Largely, the courses of Isortogelven and Kik coincide with the
N-S striking diaclases, but what might have produced these deep valleys
is difficult to say. Both rivers come from Indlandsisen, are extremely
well watered with a very strong current, and both carry large loads of
material, which may have caused a deeper erosion in the valleys; it
seems, however, as if in any case the abrupt change of direction of Isor-
togelven to a certain degree has been brought about by a weak zone
in the gneiss along a N-S striking diaclase. Only further investigations
in the valley can throw light on this problem.
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Further, it is characteristic that the intermediate high-lying section
coincides with the range of the intensely metamorphosed Isortoq gneiss.
Both in the area discussed here and farther to the west the boundary
to the Ikertoq gneiss stands morphologically very sharp, whereas the
boundary between the Isortoq gneiss and the Egedesminde gneiss is
by far less marked in the topography.

The conditions prevailing in the area south of Sendre Stremfjord
and Sandflugtsdalen are quite different. Here, apparently no relationship
exists between the morphological lines of direction and the structure of
the gneiss. Mostly they seem to be transverse to each other, and this is
true both within the ranges of the Ikertoq gneiss and the Kangamiut
complex (pls. I and II).

Air photos of this area show that the diaclases of the gneiss are
striked in exactly the same direction as it is the case in the northern
area, but they are less marked and sharp, and especially the E-W strik-
ing diaclases have not given rise to valleys. Here, as far as contour maps
and air photos allow an interpretation, erosion forces from both ice and
rivers have played a by far greater role than in the northern area, and
additionally, some of the streams with source outside Indlandsisen are
waterbearing the whole summer. In any case this is true for Arnangar-
ngup kia, the tributary to Sarfartdq, according to Haywarp (1936)
and Morr (1937).

On the map several of these streams show remarkable, winding
courses, which might be an indication of a previous capture between
some of them, or, that the valleys were dammed at the lower end and
the rivers consequently forced to change direction. However, only more
detailed field investigations can solve this problem. On the whole, this
region between Sgndre Streomfjord and Indlandsisen seems to present
a rich working field for the study of the evolution of a landscape in a
former glaciated gneiss area.

It appears from the foregoing that the two most intensively meta-
morphosed types of gneisses, the Kangdmiut complex and the Isortoq
gneiss of the Nagssugtoqides, have been more resistant to the erosion
than the less metamorphosed Ikertoq and Egedesminde gneiss. In the
case of the Ikertoq gneiss its content of reactivated Kangadmiut complex
is reflected also in the topography, the mountains here thus being signi-
ficantly higher than the mountains within the Isortoq gneiss.
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I'ig. 7. Kloftsgerne 300 m a.s.l. on the northern slope of Sandflugtdalen. This cleft
can be followed in a straight line all the way up to Indlandsisen.
Photo 2770.

ITI. SANDFLUGTDALEN
Map page 6

Morphology

Sandflugtdalen is the continuation of Sendre Stremfjord and ex-
tends 25 km farther up to Indlandsisen. The northern side is an unbroken,
steep slope with the lower part covered with loose deposits, with an
abundant vegetation and many willow scrubs, see pl. ITI. At some places
big blocks are seen far up on the slope, which is so steep that one cannot
imagine the blocks to have fallen down from above and then stopped at
their present positions. They must simply have been deposited here
formerly by an ice tongue, which has occupied the valley.

At a height of 350 m above sea level, a relatively narrow valley
train has been formed, which is occupied by innumerable long and nar-
row lakes, called Kloftsgerne (fig. 7). The terrace can be followed all
the way up to Indlandsisen. At some places, long, low rock ridges are
seen outermost on the terrace. Behind it, the ground rises to heights of
550 m at the Sendre Stremfjord airport, whereas at Indlandsisen the
height does not exceed 400 m above sea level.

The southern side of Sandflugtdalen has a more irregular form
with traces of old cirques and glacial beds. Westernmost, Ravneklippen
stands with vertical sides facing Sendre Stromfjord and Sandflugtdalen.
To the east, is a large plain with the floor 140 m above sea level and
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its only terrace, here located 55 m as.l., at the entrance to Orkendalen.
Photo 4186-87.
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Fig. 9. South of Keglen, the narrow branch of Sandflugtdalen through which the

river foams. Photo 2742.

above it a second flat area 186 m above sea level (barometer reading).
A little farther to the east, Urkendalen joins Sandflugtdalen, but east
of Keglen the valley side is steeper and presents less marked traces of
glacial erosion, and the sides are covered with a rich and dense vegeta-
tion (fig. 8). Keglen is the western part of a mountain ridge, which for
5 km splits Sandflugtdalen into two parallel valleys. The southern one
is quite narrow and carries a meltwater stream from Indlandsisen; the
gradient is rather steep (100 m in 5 km) and there are two cascades,
one at the eastern end and another at the western end of the mountain
ridge that divides the valley (fig. 9). North of this ridge, Sandflugtdalen
is almost one kilometre wide; at Keglen the floor is 250 m above sea
level and rises gently towards the east to 260 m. At the western end
several moraine ridges are seen down the northern slope of the valley,
which is probably also blocked towards the west by a moraine ridge.
Also in the eastern end of the dividing mountain ridge, moraine mounds
lie aslant down the mountain. The valley floor contains several larger
and smaller lakes with swampy and peat-like banks and surrounded by
a dense vegetation (fig. 10). In winter, when the ground is frozen, vehicles
can go through this valley, but in summer, when the soil has thawed,
it happens rather often that they get stuck in the soft ground.

At the reunion of the two branches of Sandflugtdalen the valley
floor makes up a wide alluvial plain with a braided river system. This
alluvial plain lies 11.4m lower than the valley floor with the lakes.
The border between them is covered with a large sand drift sheet, however
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Fig. 10. The wide branch of Sandflugtdalen north of Keglen. In the background
drift sand high up on the slopes. Photo 2730

Fig. 11. The area with drift sand at the eastern part of the wide branch of Sand-
flugtdalen. Photo 2733.

(fig. 11), which does not only spread over the valley floor, but at some
places also extends far up the northern valley side (fig. 12). Thus, the
border between the alluvial plain and the more elevated valley floor
cannot be directly observed, but in a few places along the northern side
the river has cut out a vertical cliff into the drift sand under which some-
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Fig. 12. The innermost part of Sandflugtdalen is a braided river plain. Sand drift
extends far up the northern valley side. Photo 2734

thing looking like stratified, grey clay of a thickness of some metres can
be observed (fig. 13). It differs from common clay by lacking cohesivity.
Probably, it was deposited in a dammed lake. How long this extended
into Sandflugtdalen, however, cannot be decided presently.

On the innermost plain large herds of caribou can be seen. To the
east, Sandflugtdalen is barred by a 150 m high rock wall, above which
one can see Indlandsisen and in front of it a dark, stony moraine bank
(PL III). At both ends of this wall Indlandsisen discharges two glacier
tongues with streaming melt water into the valley; the river in Sand-
flugtdalen seems mostly to be fed by the southern tongue. BELKNAP
(1949) states that just below this glacier tongue the river has a cascade
with a fall of 64 m in 90 m, of which the 12 m is direct fall.

BocHER (1949, 1956, 1959) writes that in Sandflugtdalen, west of
Keglen, there are four river terraces, but none east of Keglen. He does
not explain in detail, where the three upper terraces may be found, but
in the text accompanying some of the photos the cirques and the glacial
beds are described as river terraces; as for instance the two situated at
the southern side of the valley, 140 and 186 m above sea level. In many
places in Greenland one can observe glacier tongues descending from the
heights and forming large steps on their way. It is steps of this kind
and other results of erosion by local glaciers that BocHER mistakes for
river terraces. Other terrace-like plains in Sandflugtdalen apparently
owe their existence to sand drift or landslide.
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Fig. 13. The river has cut its way into the northern side of the valley and uncovered
a profile of grey, stratified, but very loose silt which has been deposited under very

quiet conditions. Photo 2741.

Sandflugtdalen has only one genuine river terrace. It lies at Ravne-
klippen at a level of 55 m above sea level (fig. 8), and can be followed
inland as far as to the innermost alluvial plain of the valley.

This is also in good accordance with what is known from other large
river valleys. J. A. D. JENsEN (1889) writes that in most of the big
valleys there is a horizontal terrace. He is walking on one through the
valley which terminates in Umivit, south of Nakajanga; it continues
farther on to a lake with banks of white, flaky clay. KorNErRUP and
JENSEN (1881) write that the river discharging into Nagssugtdq occupies
the whole width of the valley up to the margin of Indlandsisen and along
its banks one sees a terrace about 10 m above sea level nearly the whole
way. At the mouth of Isortogelven everything tends to indicate, how-
ever, that this river has washed away most of the low terrace and has
cut its way into it with numerous branches that often have a strong
current. Also Haywarp (1936) describes similar terraces in the valley
of Sarfartdoq, north of Sukkertoppen Iskappe.

Climate

All previous visitors to these regions have emphasized the remark-
ably dry climate prevailing here which accounts for the fact that the
lakes are without drainage in summer and that several of them are salt
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lakes. Admittedly, in summertime reduced drainage from lakes is com-
mon also in other regions of Greenland, e.g. around Disko Bugt.

On his excursion to Indlandsisen, NORDENSKIOLD measured height
of barometer and wind force in the days June 28-July 3, 1909. He was
surprised that the temperature was as high as 15-16°C, which he found
unique for arctic regions. He believed it must be due to the high coastal
mountains which do not allow passage of the cold air from the sea, and
further due to the winds blowing from Indlandsisen, mostly warm
Foehn winds.

During the second expedition from Michigan University, meteoro-
logical stations were established 366 m above sea level on a mountain
which was called “Mount Evans”. Apparently, it is the mountain WNW
of the present Stremfjordshavn. Another meteorological station was
established on Indlandsisen, but it only functioned in August 1927 and
in February and March 1928 (CuurcH, 1941). From these stations tem-
perature were measured, and the records were compared with those
taken at Holsteinsborg.

Table 1. Monthly mean values for Holsteinsborg (H), ‘“ Mount Evans” (E),
Inner coastal regions (G) and Indlandsisen (I) for august 1927 and for
January—March 1928

Mean temp. °C Daily mean range °C

H E G I H E G I
Aug. 1927 ....... 7.7 7.0 7.9 2.9 4.65 9.15 10.6 3.28
Jan. 1928 ....... —-8.3 —15.5 0.55 4.3
Febr. 1928 ...... —9.4 —18.8 —18.8 3.7 b4 7.4
March 1928 ..... —-6.7 —=7.5 —10.2 4.4 6.5 6.0
Average
Jan.—March ..... -8 —14.1 —12 2.21 5.2 6.56

Mean wind speed m/sec. Relative humidity °/,

H E G 1 H E G 1
Aug. 1927 ....... 2.32 3.66 1.65 1.05 45.8 45.8 63.9 81.2
Jan. 1928 ....... 5.4 4.24 54.9 81.75
Febr. 1928 ...... 4.47 3.04 41 52.5 82.10 90
March 1928 ..... 5.1 b4 6.8 56.4 68.35 74.5
Average
Jan.-March...... 5.1 3.9 5.5 54.6 77.4 83.2

Precipitation in mm

H E G 1
Aug. 1927 . ...... 3 29.8 1.8 9.15
Jan. 1928 ....... 3.08 6.37
Febr. 1928 ...... 5.6 11.7
March 1928 ..... 1.8 6.86 2.9
Average

Jan.-March...... 4.9 18.8 14.6
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Head of Sondre Stromfjord

Fig. 14. Conditions of wind, amount of precipitation, and number of days with

precipitation at Sendre Stremfjord. Mean precipitation in mm rendered by histo-

grams. Dotted curves: number of days with precipitation. Full-drawn curve: per-

centage frequency of winds decisive of precipitation. The material refers to measure-

ments within the period 1941-48 (head of the fjord) and 1943-45, 1946-48 (entrance
of the fjord). (BocHER, 1954).

Table I shows some of these measurements. It should be taken into
account, however, that they only show climatic data from one single
year, which may differ essentially from normal conditions. For this
reason the material, procured by Bocuer (1949, 1954) from U.S. Weather
Bureau, which at least covers a couple of years, is more useful. These
diagrams (figs. 14 and 15) show the difference between the climate pre-
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Fig. 15. Curves showing annual range of mean temperature and mean number of

days with measurable snow depths at stations 2 (full-drawn curves) and 3 (stippled

curves). The two stations give the difference between the entrance to Sendre Strem-
fjord (3) and the head of the fjord (2). (BocuER, 1954).

vailing at the mouth and at the head of Sendre Stromfjord. It appears
that in summer, the highest monthly mean temperatures are measured
inland, where in winter the values are considerably lower than at the
coast, but at both stations the mean temperature for the warmest month
does not exceed 10°C. The most pronounced climatic difference between
coast and inland is reflected in the precipitation values, which inland
do not exceed 13 mm, whereas the values are as high as 170 mm for June
and 180 mm for September at the coast. The number of rainy days is
also considerably higher at the coast than inland, something not un-
known to many Greenland travellers, since the air traffic between
Sendre Stremfjord and the towns along the coast is impeded over and
over again due to fog and rain along the coast, while Sgndre Stromfjord
has bright sunshine.

When, in spite of the low precipitation, the country does not seem
dry and desert-like at all— but, on the contrary, displays a dense and
abundant vegetation, the explanation is that the low average temperature
also gives a rather low evaporation. Further, the dense vegetation delays
the thawing of permafrost with the consequence that some decimetres
below the surface the ground is always moist, also in summer.

BocHER is of the opinion, and no doubt correctly, that the dry cli-
mate is due to the sheltered position of the region behind the coastal
ranges. On the other hand he is wrong when he characterizes the cli-
mate as a steppe climate and refers to Koppen (1931) stating that the
boundary between forest and steppe climate lies where the annual mean
precipitation in cm is double the mean temperature plus 14 at the place,
in areas with summer rain, and plus 7 in areas with rain all the year
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round. A close study of K6pPEN reveals that the boundary discussed is
valid for his climate types B (desert and steppe climate) on the one side
and his types A (tropical rain climate), C (warm, temperate rain climate),
and D (boreal or snow-forest climate) on the other.

All these types have the common feature, however, that mean tem-
perature for warmest month is higher than 10°C, which distinguishes
them from climate type E, the tundra climate. This temperature boundary
is the first, essential criterion to distinguish the different types of climate
classified by KoppeN, and similarly for other climate systems. Since
BocuER’s own diagrams clearly show that in the areas treated here, the
warmest month has a mean temperature not exceeding 10°C, this clas-
sifies it as a tundra climate, a term which is used everywhere in the
circumpolar area north of the timber line, both in North America and
Siberia. Additionally, the steppe landscape includes vast plains, whereas
BocuER’s steppe areas in Greenland are only small, isolated plots sur-
rounded by arctic tundra. It should be obvious that the climate in these
plots cannot be a steppe climate simultaneously with arctic climate
everywhere in the surroundings.

Teprow and Harris (1960) divide the tundra region into two
climatic types of vegetation:

1. The typical arctic tundra in regions with a very low rate of pre-
cipitation, cold and short summers and a long and extremely cold winter;
hereto belongs the north coast of Alaska, arctic Canada, and the Cana-
dian archipelago, Greenland, Spitzbergen, and the north coast of Siberia.

2. The maritime tundra with a somewhat warmer maritime climate
with a high rate of precipitation evenly distributed over the year, and
a chilly, comparatively long summer and a rather mild winter with
much snow. Iceland, Scandinavia, and the north coast of Russia belong
to this type.

Weathering and Sediments

NorDENSKIOLD (1914) states that the rocks in the interior of Hol-
steinborg district have been weathered at least to the same degree as
along the coast and considerably more than in Sweden. Close to the ice
margin strongly crumbling gneiss can be observed, sometimes with resi-
stant inclusions standing out against the surroundings. Typical frost
weathering with a disintegration of the rock into angular pieces is only
seen in steep walls; in general, the weathering is partly of a chemical
nature and proceeds in such a way that the gneiss crumbles into a coarse-
grained sand, which thereafter becomes more and more yellowish-brown
by oxidation. The scree was not investigated in detail, but NorDEN-
sk10LD finds that the felspar has not undergone marked changes. The
weathering attacks the rock in many ways and penetrates rather deeply,
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0,5-1 m, in some places. Apparently, different types of rock have also
a different degree of resistance.

NorRDENSKIOLD states that the weathering, where it is most effec-
tive, seems to be related to an oxidation of scattered grains of pyrite.
A quite diverging chemical process was found in another place, where
the soil, with an apparently earlier pyrite-bearing inclusion in the gneiss,
was covered with a centimetre-thick crust of pure sulphure. Exactly
the same form of weathering was found by KELLEY and ZUMBERGER
(1961) in the Antarctic.

Furthermore, NorDENSKIOLD mentions different examples of wea-
thering, which have resulted in rock shapes quite similar to the canopy
rocks in the Egyptian desert, which are described by Joman~Es WALTHER
(1924). In other cases, the weathering results in hemispherical depres-
sions, which in NorRDENSKIOLD s opinion can only partly be due to wind
erosion, but to a greater degree to the influence of deliberated salt, the
presence of which has actually been demonstrated in this area, and
which greatly facilitates disintegration.

BELkNAP (1941) distinguishes between disintegration and decom-
position and writes that in the semi-arid climates disintegration will be
the dominating shattering process. BELKNAP mentions a few examples
of exfoliation, but maintains that it is less frequent than was to be ex-
pected and by far less frequent than in the desert regions in the southern
hemisphere, presumably because the daily temperature fluctuations are
much weaker in North Greenland and because unusually high tempera-
tures do not occur here.

BeLkNAP claims that frost shattering is rather seldom in these
areas, because the daily temperature fluctuations keep within a rather
limited range, and that there are two short periods of the year, where
the temperature fluctuates above and below zero. The first one occurs
towards the end of the summer, where BELkNAP believes that there
cannot be much water in the soil, and it will therefore not be affected
by the continuous alternation between frost and thaw. In his opinion
all frost erosion takes place in springtime after the snow melting. He
forgets, however, that throughout the summer season the permafrost
is only slowly thawing and consequently, the ground under the vege-
tation is always moist. When the frost sets in in autumn, the water
contained in the ground will freeze from above and downwards, but sinec
the permafrost lies only a few decimetres below the surface, specific
conditions may result in such a great hydrostatic pressure that it will
be able to enlarge already existing fissures. Based on laboratory investi-
gations and studies in Alaksa, TABER (1943) believes that the growth
of ice crystals has a more destructing effect than the mere expansion
of volume during the freezing itself. The slower the frost penetrates,
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Fig. 16. Frost shattering at Ravneklippen, partly by way of exfoliation.
Photo 4201.

the easier it is for the ice crystals to grow under pressure and shatter
the rock.

Much evidence is pointing toward frost as an important factor in
the weathering process in Sandflugtdalen. All over, one finds naked
rocks intensely frost-weathered, and both exfoliations (fig. 16) and block
disintegration (fig. 17) are seen. It is evident that the shattered blocks
will again be attacked by the frost, and it is a noteworthy fact that
while the valley sides in the Scandinavian high mountains in Lapland
are covered with a thick layer of coarse gravel and stones right up to
the very top of Kebnekaise, something similar is not found in these
regions of Greenland. The mountain sides are either naked or they have
a surface layer of very fine-grained material with only a few big blocks,
as seen on the northern slope of Sandflugtdalen. Only seldom one finds
accumulations of large blocks beneath the slopes.

Beforehand, it might be expected that the chemical weathering
was weak or in any case slow in rate because of the low temperature
all the year round. As mentioned above, NORDENSKIOLD presumed that
chemical weathering is mainly due to an oxidation of the ferruginous

188 3
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Fig. 17. Shattered rocks with block disintegration at Taserssuatsiaq.
Photo 4194.

minerals. BELKNAP, on the contrary, writes that since the summer
temperature can be as much as 24°C (75°F), rock exposed to the sun
must be heated to still higher temperatures, and in the wide, flat valleys
and on their slopes, a carpet of vegetation protects the underlying
material against air and sun. 15-50 cm below the surface the frozen
subsoil thaws and by capillary action this humidity is soaked to the
surface in sufficient quantities for the weathering process.
Furthermore, BELkNAP gives examples of chemical weathering
products observed, as epidote, kaolin, and chlorite were often found by
the microscopical investigation of thin slices from rock samples taken
in the region around the head of Sendre Stromfjord. He further states
that secondary minerals of this kind are not found in the coastal rocks
at Holsteinsborg. This is not quite correct; in any case epidote and
chlorite can be observed as components in the unweathered gneiss
(Noe-Nycaarp, 1952, Noe-Nycaarp and RamBERG, 1961). Both in
1962 and in 1965 samples of the loose top soil in Sandflugtdalen were
taken for detailed analysis by EsNArR JENSEN in the chemical labora-
tory of the Royal Veterinary and Agricultural College at Copenhagen.
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This analysis has not been accomplished so far, but a soil sample from
Godthab (JENSEN, 1965) gave the result that two thirds of the sample
consisted of quartz, oligoclase and hornblende. The amount of quartz
diminishes with decreasing grain size, and the same is the case, though
in a smaller scale, with the amount of oligoclase. The clay fraction is
still rich in oligoclase. Diopside, garnet, epidote, and magnetite occur
in small quantities.

The last third of the sample consists of clay minerals, almost ex-
clusively of biotite and trioktaedric vermiculite. The amount of these
minerals increases with decreasing grain size. A third clay mineral, pre-
sumably either kaolinite or a chlorite rich in iron, is found in very small
quantities. It deserves notice, however, that the gneiss proper in the
Godthab area is rich in plagioclase, hornblende, and biotite and it also
contains vermiculite. Finally, JENSEN writes that the sediment from
Godthab looks more like a powder produced by stone grinding.

All this points to a very weak chemical weathering in these regions
and is further quite in accordance with weathering processes in the
Antarctic (BLAKEMORE and SwiNDALE, 1958, KELLEY and ZUMBERGER,
1961).

The loose surface layers in Sandflugtdalen and surroundings are
of three kinds: partly river terrace, partly more intensely disintegrated
rock and morainic deposits, and finally wind-transported sediments to
some degree mixed with the two first-mentioned types.

Psirursson (1898), who travelled on the south side of the inner
part of Nordre Isortoq, writes that huge quantities of morainic deposits
are found here as boulders, gravel and sand, whereas enormous quanti-
ties of a very fine-grained sediment seem to be deposited in the valleys.

Kornerup (1881) and JENSEN (1889) term it a fine clay, which,
when moist, becomes slimy and slippery, but upon drying it prossesses
a crust of a light-grey, powdery material, which fills the air with white
clouds of dust at the faintest gust of wind. Also PsETurssoN mentions
that large clouds of dust float over the valley of Isortoqelven.

NorpENSKIOLD states that a little north of Sandflugtdalen the
hills and plateaus near Indlandsisen are often to a great extent covered
with a dust-like fine soil, now overgrown by vegetation. He supposes
that this fine soil originates from dried-up glacial mud from the floor
of the river valley, carried up to the plateau by the wind and deposited
here. During this author’s visit to Sendre Stremfjord various samples
were taken for later granulometric analysis.

Fig. 18 shows the river terrace at the quarry situated at the north
side of Sandflugtdalen. It is built up of sand, gravel, and numerous
stones, but now rather disturbed by road construction. From the lower-
lying road one could see that it rested on two arched rocks which ex-

3*
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Fig. 18. The river terrace, built up of sand and gravel, off the quarry at the north
side of Sandflugtdalen.

tended down to the river. On the surface some flat sand ridges were
observed.

Table II
. Md Q, Qi So >62 u <4
Anal No.

RS 239 14 “ n *fo *fo
GA0. ... 67 100 46 1.48 56.6 0.5
AL, ... ... 44 65 30 1.48 26.6 0.7
GA2. ... . 53 140 31 2.12 44.1 0.5
52%. i 26 36 18 1.41 4.1 0.6

Table II and fig. 19 show the mechanical composition of sediments
deposited in water. The analyses 440 and 441 were taken from the sur-
face of the river terrace, 441 from one of the small, flat ridges. 442 was
taken a bit down on the side, where sliding had revealed a small vertical
section with moist sand. In fig. 18 it can be seen as a dark band. Finally,
524 was taken innermost in Sandflugtdalen, where horizontal layers of
fine-grained clay were found under the drift sand.
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A comparison between values and course of curves of the samples
from the terrace at the quarry reveals that all three samples are well-
sorted So <2.5, though the two samples from the surface of the terrace,
which is presumably to some degree rebedded by the wind, are somewhat
better sorted than the deeper-lying layers, and the sand from the small
ridge is a little more fine-grained than the sand from the surface. The
samples 440 and 442 must be classified as coarse silt and very fine sand,
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Fig. 19. Granulometric analysis of sand from the terrace in Sandflugtdalen. Sample

440 was taken from the surface, 441 from a flat sand ridge on the surface, 442 some-

what below the surface of the small vertical cliff seen in fig. 18. 524 is the fine stone
powder under the drift sand innermost in Sandflugtdalen shown in fig. 13.

441 as coarse silt, but besides 13 9/, fine sand 442 has also 6 °/, medium
sand and 8 9/, coarse sand. The samples 440 and 441 consist so to say
exclusively of angular quartz grains and smaller quantities of mica and
dark minerals, but in 442 grains larger than 0.3 mm are rounded, smaller
grains are angular.

Sample No. 524 must also have been deposited in water, in a lake
dammed by the moraine bends that closed, towards the west, the valley
north of Keglen. Also in the eastern part of the valley, moraine ridges
are seen down the southern slope. In this lake the fine sediment has been
deposited as a pure silt sediment, whose sedimentary nature corresponds
to our late-glacial clay, from which it differs, however, by its total lack
of cohesivity. It is a grey, loose, fine stone powder, an outwash of the
most fine-grained material, ground by Indlandsisen and it has not been
chemically weathered.

Table IIT and fig. 20 show the granulometric composition of samples
of soil and sediments of different origin. The two analyses, 478 and 525,
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Table III
. Md Q, Q, So >62 u <hp

Analysis No.

ol u Iz Iz °/o °/o
A75. . 36 54 24 1.50 15.5 1.5
476. ... . . 32 51 19 1.84 14.8 2.2
(A7 R 39 57 25 1.52 20.9 4.3
500. ... 32 50 19 1.64 14.7 7.1
478, . 320 410 250 1.28 99.4 0.6
525 . 212 300 140 1.46 92.0

are of drift sand. 478 was taken from the dune beneath Ravneklippen,
where the sand has been blown up from the river plain in the valley
floor 50 m below. 525 was taken in the drift sand section innermost in
Sandflugtdalen (fig. 11); also here the sand has been blown high up
on the slope. Both samples are well-sorted and range from medium to
very fine sand.
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Fig. 20. Granulometric analysis of different soil samples. 475 and 477 were taken

about 150 m up on the valley slope behind the hotel at the airport. 476 is weathered

soil from Kloftseerne, and 500 a soil sample taken in an excavation at the western

end of the lake Taserssuatsiaq. 478 is drift sand from the dune beneath Ravneklippen
and 525 is drift sand from the innermost part of Sandflugtdalen.

Of the remaining analyses, 475 and 477 were taken on the northern
slope of Sandflugtdalen, just behind the airport and in altitudes between
150 and 200 m. No doubt, it is moraine material which has, in the course
of time, been further shattered by frost, but it is also mixed with con-
siderable quantities of wind-swept silt or dust. 476 is weathered soil
taken near the lakes, Kloftsoerne, at a height of 300 m above sea level,
and finally analysis No. 500 is a soil sample taken at the western end
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of Taserssuatsiaq south of Ravnefjeldet. In the summer of 1962, the
American archaeologist, professor Joun M. CAMBELL, excavated some
Eskimo ruins here, and the soil sample was taken at the bottom of this
excavation, just above the frozen soil at a depth of 75 cm below the
surface. Presumable, this material is original moraine.

From both table and figure it appears that these four samples, of
the most different origin, have nearly the same granulometric compo-
sition. The mean grain size lies about 34 x and the content of sand is
low, between 14 and 20 °/,. They must be described as mainly silt sedi-
ments; they are considerably more fine-grained than the sand from the
river terrace, but coarser than the lake sediment taken from the inner-
most part of Sandflugtdalen (analysis No. 524). The sorting is almost
identical in all four samples.

The four samples 475, 476, 477 and 500 contain in all fractions
grains of quartz, mica and dark minerals. The quartz grains are angular
in all fractions, whereas the dark minerals are somewhat rounded in the
fractions bigger than 0.25 mm. In the two samples of drift sand (478
and 525) the grains bigger than 0.5 mm have been rolled, and in the finer
fractions, besides the angular grains of quartz, mica and dark minerals,
many grains are also seen with more or less rounded angles and edges.

NorpENSKIOLD describes the fine, wind-swept dust as a yellowish,
unstratified, slightly disintergrating and extremely fine sand looking like
the Swedish Mo (0.2-0.02 mm); it has a strong resemblance with loess,
but NorpENSKIOLD is well aware that in essential respects it differs from
the genuine loess.

Hosss (1931) and BocHER (1949) are both terming these silt depo-
sits loess and think that the most important difference from genuine
loess is lack of lime and lack of cohesivity. BOCHER also maintains that
the Greenland silt deposits are not so lime-free as stated by NorpEN-
sk10LD and points out that he has samples containing 10.5 milliequiva-
lents Ca per 100 gr. sample. Converted, however, this is not more than
0.5 9/, CaCO,, and though one of the samples contains 26.6 milliequiva-
lents Ca per 100 gr. this only gives 2.2 °/, CaCOs, a percentage generally
agreed upon as being lime-free.

For comparison, the following values from loess samples collected
by the author are given below:

/o CaCOgy
Loess Rocourt, Belgium, old partly decalcified loess. .. 7
Kesserler Bergen Belgium Wurm loess ............... 14

MavvcHEF states the following values for the clacification of loess:

Bassin du Rhone, environ de Lyon.................. 15-25
Bassin du Po, Piemont ............................. 7-12
Bassin du Dmniepr ........ ... ... i 11.5-51.5



40 Kas HANSEN 1V

%
100

|
90 —
|

80 | /4
[ _ =
70 ey,
60 /L

50 8
40

L 4=+ —-

30 A1)
/

20

s g g

2000 1000 500 100 50 70 a1 2u

Fig. 21. Granulometric composition of the a) by NorpENskioLp (1914) and b) and
c¢) by Bocuer (1959) published analyses of so-called loess. b) from Nakajanga,
¢) from the northern slope of Sandflugtdalen near the airport.

BocHER (1949) also gives granulometric analyses of his loess samples.
However, one can find many types of marine sand with the same high
content of grains below 100 x. In 1959, BocHER published two analyses
of so-called samples of loess. Fig. 21 and table TV show the granulo-
metric composition of these samples.

Table TV
Md Qs Q, So >62 u <hpu
Sample Iz Iz Jz *fo °fo
- 60 115 31 1.93 50 2.5
b oo 40 67 18 1.93 34.9 7
C ot 62 72 31 1.57 53.3 17

Sample a was taken by NORDENSKIOLD near Indlandsisen, b is
BocuER’s location 16 (Nakajanga), and ¢ location 19 (Sandflugtdalen
at the airport). A comparison between tables IV and V, reveals the
great difference between what NorpENskI6LD and BocHER call loess
and the genuine loess. The mean grain size in table IV is much larger,
the sorting not so good, and in the two samples the content of sand and
silt is nearly the same. These samples, in any case, cannot be termed
loess.

The name loess is a term adopted in the scientific nomenclature
from the Rhinelanders, who use it for a soil type common there. But
it has a quite wide distribution in the temperate climate zone (v. RicuT-
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HoFEN, 1877). The classic description of loess should be the one given
by v. RicatHOFEN of Chinese loess (v. RicaTHOFEN, 1877, 1901). In
translation, it runs as follows:

“Loess is brown-yellowish and so crispy that it is easy to tear apart
with the fingers, though solid enough—even where it has been attacked
by destroying forces as for example running water —to stand with steep
walls, several hundred feet high. It is so fine-grained that it can be rub-
bed into the pores of the skin, whereafter only a few sand grains are left,
and these are angular and without traces of rounding. By repeated
washing out this sand can be separated from the chiefly clayey mass.
Furthermore, loess contains considerable amounts of calcium carbonate.

Even on the tiniest piece of loess a certain texture can be observed;
the loess is traversed partly by extremely fine, partly by coarser tubes,
branching out like reeds and frequently covered with white rims of
calcium carbonate, but apart from this the loess is very porous and
without the compact structure of clay. Loess is completely lacking
stratification and is inclined to cleave off vertically”.

Later, the sense of the term loess has been extended quite a lot and
given rise to a good deal of confusion and discussion.

ScHIEFERDECKER (1959) confines himself to define loess as an un-
stratified eolian sediment of a light yellow colour with particle size
60-85 °/, smaller than 50 x or as an eolian deposit of same origin as the
covering sand, but more fine-grained, at least 60 °/, of the grains lie
between 10 and 50 u.

Praisance and CaiLLeEux (1958) define the term in greater detail.
Loess is: “Terre limoneuse, facile & désagréger et a labourer, pas trop
argileuse ni sableuse. Le minérale le plus fréquent est le quartz, puis la
calcite, les feldspaths, les minéraux argileux. La fraction dominante
est celle des limons. Grain médian 0,025 mm. La teneur en calcaire va
de 0 a 339/, Le loess s’est formé sous climat froid, périglaciaire par
dépot de poussiéres apportées par le vent en pays steppique, parfois
conjointement avec de la neige. Apres son dépot il & pu étre repris par
solifluction ou en trainé par ruisellement vers les fonds”.

MavLycHEF (1929-33) describes a number of loess types in Europe,
Asia, and North America and makes the conclusive definition: Loess
comprises a group of rocks, yellow of colour in different shades from a
greyish pale yellow over a strong yellow to red or brown. These rocks
are loose, though coherent enough to form vertical walls. They are sel-
dom stratified. They have a common, solid texture and an earthy frac-
ture. They are porous and thus permeable.

The main part of loess is fine quartz grains, it has often a con-
siderable content of CaCOj, sometimes more than 20/, and a trifle
clay. The latter is always accompanied by ferrihydrate, which adds
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the yellow shade to the loess, the grain size varies between 0.01 and
0.05 mm.

Burzer (1965) and Frint (1957) maintain the existence of two
kinds of loess. Periglacial loess originating from outwash deposits from
easily accessible moraine clay and from rock surfaces in tundra and
arctic barrens. The other type is desert loess, found in desert regions
and distinguishable from the first type by its wider range of grain sizes.
Both Burzer and Frint stress the content of CaCO,;, which Burzer
states as from 10 to 50 °/, and FrinT as up to 40 °/,, and both of them
indicate that loess is generally believed to be a wind-transported sedi-
ment.

Table V
Md Qs Q, So >62 u <4
No. 0 0

JZ Iz I lo lo
33G. ... 26 38 16 1.54 11.5 5.5
551 . 22 34 17 1.41 2.6 171
552 26 39 19 1.44 4.2 6.8
0 e e e e s e e 22 30 18 1.57 0.9 6.6

Table V and fig. 22 show the granulometric composition of four
samples of European loess. No. 334 is taken at Gross Denckel near
Braunschweig in Germany. 551 is Wurm loess from Kesselt in Belgium.
552 is decalcified Riss loess from Rocourt in Belgium, and finally 554
originates from Bergisch Gladback in the Rhineland, northeast of Co-
logne. Prior to the analysis all samples were treated with normal hydro-
chloric acid to remove the CaCOs.

A comparison between these figures and the figures in tables III
and IV shows very clearly that the Greenland silt deposits are somewhat
coarser than the European loess and more poorly sorted. They also con-
tain considerably more sand (the fraction larger than 62 u). As, ad-
ditionally, the Greenland silt deposits differ from genuine loess by being
non-calcareous and appear as a loose, incoherent, fine powder, and as
they are mostly an admixture of wind-transported dust and fine material
of other origin, it must be considered misleading to term them loess.

Similar silt deposits are found everywhere in the arctic regions,
for example in Alaska, both in the plains at Point Barrow and in the
river valleys in Central Alaska (Brack, 1951, TaBER, 1943, Tuck, 1940).
As in Greenland, they can be of very different and complex origin. They
contain material brought about by vulcanic activity, glaciation, organic
processes and weathering and can be classified as residual, eolian or
fluviatile deposits (TABER, 1943). The purely wind-swept deposits are
called loess, but it is extremely difficult to decide whether they actually
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Fig. 22. Granulometric composition of samples of European loess.

334: Loess from Gross Denckel at Braunschweig, Germany.
551: Loess from Kesselt, Belgium

552: Loess from Rocourt, Belgium

554: Loess from Bergisch Gladbach, the Rhineland.

are pure wind sediments. TABER’s granulometric analyses of silt deposits
from the river valleys of Central Alaska show a mean grain size between
40 and 50 u and a content of sand of 30-40 °/,, i.e. almost of the same
composition as the analyses in table IV, but distinctly coarser than the
European loess samples in table V. The content of CaCOj; is also very
low. None of the samples shown in TABER’s tables are termed loess,
but silt.

Even though similar dust deposits in Alaska are by some authors
termed loess and sediment and soil samples from Sandflugtdalen un-
deniably comprise wind-swept dust deposits, the granulometric and
chemical analyses show so high a degree of homogeneity with sediment
samples of very different origin that it is impossible to extract the wind-
swept deposits from those of other origin. Additionally, the Greenland
deposits differ in so many respects from the European loess that it
will be more correct to use the neutral term silt deposits.

As early as in the middle of the last century, Russian soil scientists
have distinguished between high tundra with a comparatively dry mine-
ral soil and low tundra of peat soil with bog or marsh-type vegetation.
As previously mentioned the chemical weathering will proceed very
slowly in regions of that kind. Of the three most important agents for
the formation of soil, the content of carbon dioxide in the soil, the humus,
and the hydrolysis of the soil water, the latter can here be left out of
account because of the low temperature.
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The process of podsolization will therefore be the basis of the soil
development. It proceeds so slowly, however, that fully developed pod-
sol profiles seldom occur, and then only locally. The result will therefore
be that on well-drained slopes an arctic, brown earth (dry tundra)
develops, whereas in the depressions peat and glei (wet tundra) will
develop.

No methodically pedological investigation was made neither during
the author’s visit in 1962 nor in 1965, but when digging in the vegetation-
covered slopes it was found that even down to the permafrost there was
a homogeneous, brown, fine-grained mineral soil with a high content of
organic substance quite corresponding to descriptions of arctic brown
earth from Alaska. (Drew and Teprow, 1957, Doucras and TEprOwW,
1960, KeLLy and NyGArp, 1951, TEprow and Hiry, 1955, TEDROW
and Cantron, 1958, TEprow, DrEw, HiLL and Doucras, 1958).

If instead of loess and steppe, the terms dry and wet tundra are
used, a better accordance will be achieved between the type of soil and
BocHER’s determinations of pH and electric conductivity, and also full
accordance is achieved between climate, soil, and vegetation as com-
pared with other polar regions.

Of special interest is the fine dust or stone flour under the drift sand
innermost in Sandflugtdalen (Analysis 524). It must have been deposited
in a lake or in any case under very quiet conditions and should thus
correspond to late-glacial stone-free clay, from which it differs, however,
by being quite loose. This and the almost total lack of clay minerals in
the Greenland, fine-grained and well-sorted sediments give rise to the
question: From where does the Danish late-glacial clay get its solidity
and its content of clay minerals?

The only reasonable answer seems to be that the Danish late-glacial
clay contains finely ground, older pre-quarternary sediments which
the Scandinavian ice sheet has passed over and incorporated in its
moraine.

A similar conception concerning the origin of the Swedish glacial
clay types has earlier been advanced by Corrint (1950), 1956), HOrRNER
(1946, 1947, 1951) and WIkLANDER (1950).

Another striking feature of the soil in the region around the head
of Sendre Stremfjord is that all soil samples (c¢f. tables VI and VII
p- 57 and 59), whether they consist of talus, weathered soil from Kloft-
sgerne, original moraine or wind-swept dust, have a mean grain size of
20-35 p and are well-sorted. Moraine clay as we know it from Scandi-
navia apparently does not exist.

On the whole the assumption should be justified that in the region
between Sandflugtdalen and Disko Bugt the ice movement has been
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parallel with the structural elements of the gneiss, and these have been
the dominating factor in the evolution of the landscape.

During the melting period until the present position of Indlands-
isen, a local glacier tongue has probably occupied the valley north of
Keglen. In the southern area the ice movement has been SE-NW up to
Sandflugtsdalen. The many cirques and stepped traces of glaciers on the
southern side of the valley suggest that the ice reached down into Sand-
flugtdalen and partly blocked it; the sand deposits along the northern
side of Sandflugtdalen were made of the moraine belonging to this SE
ice. Gradually, as the glacial tongue in the valley beneath Keglen melted
away, a lake was formed here in which the fine stone flour under the
drift sand was deposited up to a level corresponding to the then existing
valley floor, i.e. the present river terrace of Sandflugtdalen.

IV. STORE SALTSO AND SURROUNDINGS

The air photo plate IV shows an L-shaped lake on the plateau be-
tween the valley Orkendalen and the large lake Taserssuatsiaq. This is
by BocueERr named Store Saltse. It lies in a valley, the floor of which
is shown in the profile fig. 23. The valley, which can also be seen in
plate I, starts at the fjord south of Ravneklippen. The profile is drawn
on the basis of the 50 m contour interval of the map and a barometric
determination of the pass point 267 m and the level of the lake 205 m
above sea level, but it gives a somewhat too even gradient of the western
part of the valley floor; in reality this rises by two steep steps with
intervening, more level parts. From the pass point the valley floor
falls first as a short, rather steep wall and then it slopes gently towards
Store Saltse. In both steps the rocks protrude into the valley.

Fig. 24 shows a pass leading from the northern part of the lake to
Orkendalen. This pass is also formed like two steps which contain a
shallow, overgrowing lake. By levellings made by KirsTEn and NIELS
NieLsEN, then geography students from the University of Copenhagen,
the pass height was determined to lie 426 m from the lake and at a
height of 21.5 m above the lake surface, which gives a contour line of
226.5 m above sea level.

The lake has no outlet and no proper inflow either, but from the
surrounding hills water will seep from the slowly thawing permafrost
throughout the whole summer, and in the central part of the valley
the water gathers to an ever running brooklet.

BocHER (1949) states that around the lake are four terraces, and
that the erosion slope of the lowermost one is under development. Further,
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Fig. 24. View of Store Saltse from the NW. In the background to the left Orkendalen and:the pass between this and Store Saltse
with the lowermost of the two shallow lakes. At the nearest shore of Store Saltse the peat ridges are seen as a light, striped section.
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it is described that along the western bank of the lake these terraces
are particularly broad and peculiar by their composition of alternate
layers of mainly loess and mainly dead mosses (Drepanocladus aduncus);
the thickness of the layers ranges from 0.5 to 2 ecm and in some places
they contain remains of daphniae. In front of each erosion slope of the
terraces there is a more or less narrow depression, which BocHER as-
sumes is a result of erosion, as the impact of wave power should have
washed away the loess; thereby a deposit should develop, mainly com-
posed of mosses which in the course of time will subside and form a de-
pression.

On the basis of these so-called erosion terraces Bocuer formulates
extensive conclusions as to the advance and the retreat of the ice margin
as well as to changes in the climate, and he associates these terraces
with similar ones along the banks of some lakes at the present Strom-
fjordshavn, by J. A. D. JENsSEN (1889) called Tarajornitsoq. Here, Ram-
BERG should have found four terraces, of which the uppermost one lies
so high that when it was formed the lake must have been ice-dammed.

BocHER now advocates that the lowermost of the so-called terraces
at Store Saltsg should be the oldest one, and that the water level of the
lake after the melting of the ice should have been lowered to below
present level, and that the water already at that time should have
received its saline character. During this lowering the lake had a rich
vegetation of Drepanocladus aduncus, which was exposed to a rain of
loess particles. In certain periods, BocHER believes, the supply of loess
was greater than in others. After a drying-up period, another should
have followed during which the water level rose again to a level above
the uppermost terrace at Store Saltse and to the second from the top at
Tarajornitsut. BocHER is further of the opinion that the reason for these
oscillations of water level is that the climate during the lowering of the
water level became more continental and during the rises again more
oceanic, which should have brought about an advance of the ice margin
to Keglen; furthermore, that the heavily loaded glacial rivers in Sand-
flugtdalen then deposited the uppermost terrace of the valley. After
this, a more continental period should have followed during which the
uppermost terrace at Store Saltse and the second from the top at Tara-
jornitsut, were formed. Later, there has been another change of climate
to the more continental and a lowering of the water level in Store Saltse
and at Tarajornitsut, and BOcHER now suggests that these three lower
terraces were formed at the same time as the three terraces in Sand-
flugtdalen, which should mean that there have been three stagnation
periods during the retreat of the ice margin; each time a terrace slope
was formed, climatic stability and stagnation of the ice margin should
have prevailed.
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Straight away, several objections can be raised against this de-
scription of the development. As mentioned earlier, there are not four
river terraces in Sandflugtdalen, but only one, and it can be followed
as far back as east of Keglen. Furthermore, as the present-day com-
paratively dry and continental climate is due to the fact that the region
is located in the rain shadow of the coastal ranges, it is not clear, and
it is not explained by BocHER either, what should have brought about
this continuous alternation between oceanic and continental climate.
Store Saltse lies in a valley floor, the lowest pass point of which is 21.5 m
above the present water level of the lake. When the ice sheet, which is
supposed to have covered the whole area, melted away, its melting
water found an outlet through Orkendalen, until it dropped to a level
corresponding to this pass point. Since then, further drops in water
level have only been possible by evaporation and perhaps seepage through
fissures in the rock. It is not unreasonable to assume that a similar
development has taken place at Tarajornitsut, but here the lowest pass
point us unknown, and as long as the topographical details in this region
remain uninvestigated, the theory is far beyond reason that any syn-
chronization should exist between the lowering of water level here and
at Store Saltsg. From the carbon-14 datings published later by B6cHER
(1959) it also appears very clearly that the water level of Store Saltse
has dropped gradually. According to the datings, the moss sample from
the uppermost of these so-called terraces should originate from 380 B.C.
+120, and from the lowermost one from 870 A.D. +120. These figures
should then mean that at the time referred to, the mosses died at these
two levels, presumably because the water level sank to below the moss
vegetation and left it dry.

BocHER therefore changes his explanations of how the terraces
were formed and says that the deposits were made under successive
lowering of the water level of the lake; but that it is not certain whether
depositing took place at the bank or close to it. In autumn, the mosses
growing near the bank died and in the course of the winter they were
torn off and sank to the bottom of the lake. In summer, they have been
exposed to dust fall, which in certain summers has been so great that
layers of pure loess deposited upon the mosses. In this way the deposits
came to consist of alternate layers of moss and loess. BocHER maintains
his assumption, however, that periodical alternations in water level and
salinity occurred, and that the latter has been so strong at times that
the mosses died out and only loess was deposited; now BocHER speaks
about six instead of four terraces.

At the visit of this author to Store Saltse in 1962 it became soon
evident that it was not an example of erosion terraces but of folding;
neither solifluction nor ice pressure from the winter ice cover of the lake

188 4
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Fig. 26. Profile through the peat ridges at Store Saltse. The values indicate height
above water level of the lake in cm. Measured and drawn by KirsTen and NIELs
NIELSEN.

seemed to offer a reasonable explanation of their form, however. Un-
fortunately, no time was left for a more detailed investigation, and it
became therefore one of the main tasks for the research team to West
Greenland in 1965 from the Geographical Institute at the University
of Copenhagen to study these occurrences of peat. For this purpose
KirsTeEN and NieLs NIELSEN made an area survey and a mapping of
the four lowermost of the peat ridges (fig. 25). Simultaneously, a profile
was levelled through their centre line (fig. 26). The map shows the con-
tour lines and the heights of the surface in centimetres above the water
surface of Store Saltse.

In fig. 24 this ridge system is seen as a light, striated section along
the front edge of the lake, and it appears how small an area the ridges
occupy. The map fig. 25 shows that only the two lowermost ridges form
weakly curved bends along the bank of the lake; the others are shorter
and more irregular in their curving.

Peat ridge I lies right at the lake. It is 225 m long and 30-36 m at
the broadest place, but narrows at both ends. The highest point of the
profile is 167 cm above the water surface of the lake. The map also shows
that the ridge surface is weakly curved longitudinally. Towards the lake
the moss peats bend downwards (fig. 27) and form a steep slope. The
surface 1s level and intersected by a wide-meshed network of frost cracks,
which right at the lake are so deep that blocks of peat are just on the
point of falling down into the lake (fig. 28). The same is distinctly seen
on BocHER’s pictures. (BOocHER, 1949, plate 2).

The peat is redbrown and consists of paper-thin layers of water
mosses (Drepanocladus aduncus). It is more or less dust-containing, but
there is no alternation between layers of moss and dust as indicated by
BocuER. The upper parts contain so much dust that the colour of the
surface is dirty yellow, and when one walks upon these soft moss mats
the dust rises; the deeper-lying layers are dustfree and moist. In the
dust-filled frost cracks, the vegetation has gradually gained a foothold.

L*



52 Kas HANSEN 1A%

Fig. 27. The lowermost peat ridge at Store Saltsg, bisected by frost cracks.
Photo 2728.

Fig. 28. Right out at the lake the frost cracks are so deep that the outermost flake

is at the point of falling down.
Photo 2726.

The measured profile includes a place where the outermost part of
the peat has fallen down, so that the edge of peat ridge I lies 7 m from
the water edge. Simultaneously with the measuring, some diggings were
made with the following result:



v Geological and Geographical Investigations 53

Hole 1

15 ¢cm almost pure dust with thin layers of moss
15 em almost dustfree moss peat

pure, clear ice

Hole 2

15 cm almost pure dust
20 cm moss in thin layers
pure, clear ice

Hole 3

16 cm pure dust
34 cm pure peat
pure, clear ice

In the depression between ridge I and II the digging was made in
earthy clay until the ice was met with at a depth of 50 cm. The soil is
moist, and in the depression willow and other plants are growing.

Peat ridge 11 is somewhat shorter than ridge I, and a transverse
depression divides it into two parts, of which the southernmost is 77.5 m
long and 22 m broad and the northernmost 95 m long and 12.5 m broad
(fig. 29). Diggings gave the following result:

Hole 6
42 cm peat
pure ice

Hole 7
20 cm peat
pure ice

The depression between ridge II and ridge III is somewhat more
moist and overgrown with low willow scrub, in the southern part there
is even a small pond. In the depression the ice lies 54 cm below the
surface.

Peat ridge 111 is considerably shorter than the two foregoing, and
while these are curving weakly parallel with the shore, then ridge III
and the following ones are more straight-lined. Ridge III is 105 m long
and has at both ends the same shape as I and II, but midway it has an
especially high hump and on the front side the peat layers are heavily
disturbed (P1. V), folded and contorted. In hole 9, at the top of the ridge,
there is pure ice 20 cm below the surface, and as in the other ridges the
peat layers bend slightly backwards, in this case towards the depression
between III and IV. At the highest point of the dome, a bit south of the
profile line, pure ice is also met with at a depth of 20 cm. In two places
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surface of which was marked with white labels. Three labels next to each other mark
the border between peat and mineral soil.

trenches were dug in this peat ridge from the top down the front side.
Along the whole trench ice was found under the peat. Fig. 30 shows one
of these trenches where the surface of the ice is marked by small white
labels; three labels next to each other mark the lower edge of the peat.
The depression between ridge I1I and IV is covered with vegetation and
is waterlogged at a few places.

Peat ridge IV has still less the character of a terrace, but is a broad,
domed belt of moss peats with an undulating surface with big depres-
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sions and water holes. It is shorter and wider than the other ridges, with
a length of 92 m and a width of 23 m. South and east of it, there is a
tangle of domes or big hillocks overgrown with Salix and Betula. Some
of these domes contain red water moss peat, others are earth hummocks,
but they are not arranged in ridges or any other regular system.

On the basis hereof, it can be concluded that these peat ridges are
not erosion terraces, but that they are produced by frost pressure and
consequently must be palsar. The name is Finnish, and palsar are found
everywhere in the arctic and sub-arctic regions. In Russia they are termed
Bugry, and the Samoyeds in Siberia call them Moga or Ladj (HécBowM,
1914).

Already Reuss (1891) mentions them from Finmarken, and they
have also been described by Fries and Berastrom (1910), G. Lu~p-
QUIST (1944, 1951, 1953), J. Lunbpquist (1962), HorpE and BLAkE (1963),
WrAMMER (1965), SvENnson (1962), from northern Scandinavia.

In Iceland they are called Rustir or Rusti and are mentioned by
for example THOrRODDSEN (1913), HaNNEssox (1927), STEINDORSSON
(1945) and THORARINSSON (1951). Also from Alaska and Labrador such
palsar are known (Smarpe, 1942, WENNER, 1947).

The genuine palsar consist of peat and rest on peat, but examples
of palsar with a core of mineral soil or with sand lenses are also known
of, and to the latter type the palsar at Store Saltss must be referred.
Palsar have not been mentioned previously from Greenland, but in 1962
RoEN and the present writer found a small pals in the swampy area on
the watershed between the two lakes on the promontory called Kangér-
ssuk at Fortunebay on the south coast of Disko. It was about 1 m high
and has contained an ice core, which had melted away and left an air
space, ca. 0.5 m high. The ceiling of the pals still contained a little ice,
and remains of fallen, partly thawed peat moss lay on the floor. Bacsn-
MANN (1921) published a photo from a lake in the stage of being over-
grown, situated at Nordfjord, Disko; here, some remarkably large
hummocks are seen, some of which might very well be palsar.

In the profile fig. 26 the ice layers are connected as if they consti-
tuted the upper edge of the permafrost, because when digging one could
follow the ice surface unbroken from one depression to the next one.

It is possible, however, that the palsar contain more and thinner
ice layers or ice lenses.

As it is the case with most periglacial processes, it is difficult to
give a quite safe explanation of the origin of these palsar; they might
have arisen by pressure from the underlying ice, presumable on the
border between the peat and the lower-lying mineral soil. A determin-
ation of the age is not possible. BocHER’s carbon-14 datings only tell
us that the lowermost of them in any case is younger than 900 A.D., but
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the question whether the other ones had already been pressed up at that
time, or whether the whole complex is quite recent, cannot be decided.

What the carbon-14 datings show is, however, that the water sur-
face of the lake has been gradually lowered since 380 B.C.; but since
the carbon-14 dated peat sample has now been pressed higher up by the
ice than its actual level when the water fell so much that the mosses
died, a calculation today of the annual lowering of the water surface
can only be approximate. If it is presumed that the sample lay at a level
vertical under the present one on a line from the shore to the bottom
of the depression above ridge IV, the position of the peat sample at the
time in question should have been 300 cm above the water surface to-
day. For a period of ca. 1400 years the mean annual lowering of the
water level will then be 1.25 mm, which should have been brought about
by evaporation and possibly seepage through fissures in the rock.

What RamBERG has seen of terraces at Tarajornitsut must be left
open; but BocHER’s description of the terraces and his photos of some
of them (BocHER, 1959, fig. 11) show that they are also palsar and for-
med in the same way as the palsar at Store Saltsg, but it is not at all
certain that they were formed at the same time. Thus, there is no basis
for using these palsar as indicators of changes in climate and movements
of Indlandsisen.

BocHER’s explanation that the depressions between the pals ridges
should originate from an outwash of the loess, followed by a subsidence
of the peat, cannot be true either, since, in that case, peat should be
found at the bottom of these depressions, but they contain mineral soil.

BocHER’s statement of the findings of dead daphnia in the dried
up parts of the depressions can be supplemented by the fact that both
in 1962 and 1965 numerous small snail shells and salt crusts were found
on the lower part of the sloping back sides of the ridges. The inter-
pretation should be justified that the water, which gathers in these de-
pressions during spring thaw, cannot percolate into the ground because
of the permafrost, but becomes stagnating and evaporates. If this is
repeated year by year the concentration of the salts dissolved in the
water will gradually become so high that they will liberate as salt crusts.

Table VI
No Md Qs Q; So >62 u <& pu CaCOq
o © 1% 1z °/o °/o °/o
479, ... ... 29 48 18 1.63 14.5 3.5 1.5
480........ 28 46 17 1.64 13.4 4.5 2.0
A81........ 28 46 15 1.75 14.7 5.4 2.0
519........ 36 50 24 1.44 12.9 3.4

920 . wienaee 36 50 23 1.48 14.0 6.1
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Fig. 31. Granulometric analysis of dust from the pals ridges. 479, 480, and 489
were taken in 1962, 519 and 520 in 1965.

Table VI and fig. 31 show the granulometric composition and the
lime content of samples of dust deposits on the palsar. The samples
479-481 were taken in 1962, and the samples 519 and 520 in 1965. A
comparison between these and the analyses of the European loess in
table V p. 42 reveals that the dust from the palsar differs essentially from
the loess. Both Md and the quartiles are larger than in loess, and the con-
tent of sand (grains above 62 y) is also higher. Broadly speaking, one can
characterize the difference so that in loess the fraction 16-31 x dominates,
whereas in silt from the palsar the fraction 31-62 p is the dominating
one. The relation becomes still more evident when using a triangle dia-
gram (fig. 32). It shows very clearly that the loess samples lie quite
separated from the Greenland dust samples, and that the samples from
1965 are somewhat coarser than those from 1962. This opens the dis-
cussion whether loess is a wind-transported sediment or can be classi-
fied as soil, i.e. whether the sediment has been subject to chemical
weathering after being deposited. (Emirsson, 1931, Granmany, 1932,
Horzer, 1952, MUNIETSDORFER, 1926, Symposium onN Logss, 1945).
The Greenland dust deposits differ from the European loess by their
somewhat coarser grains, by a lower content of CaCO; and by total lack
of cohesivity. This points towards the answer that loess is a soil, made
by weathering of finely grained dust deposits under semi-arid conditions
and a thin, sparse cover of vegetation.

Above the pals ridges there are also pressed up ridges of mineral
soil and a large terrace of creeping soil. It continues along the southern
bank of the lake, a bit up the slope, in the system of creeping soil terraces,
which remind us of the Danish sheep tracks, though on a larger scale.
These have also been brought about by frost action (Upum, 1924).
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Fig. 32. Triangle diagram showing the difference between the granulometric com-
position of European loess samples (o) and dust from the pals ridges (x).

In the south-eastern part of the lake a wide valley with gently
sloping floor terminates; also here the utmost part towards the lake
consists of Drepanocladus peat.

Creeping soil terraces with big stones are found along the eastern
side of the lake, and along the bank one sees vertical flakes of Drepano-
cladus mosses pressed up along the bank by the winter ice cover of the

lake in the same way as previously described from Denmark (HANSEN,
1949).

Table VII

Md Qs Q, So >62 u <b&pu
No. 0 0

u B “ /o /o
BB ics i vs s e e, 31 48 21 1.52 15.2 3.1
/5L 26 36 15 1.55 9.3 4.8
/5 RPN 27 44 20 1.48 17.2 4.9
L/ A T 20 37 11 1.82 16.5 4.9
BL8. .. s vin s s nons 20 28 14 1.42 9.4 6.4
0 2 A PP P 36 55 22 1.58 18.8 b4

D22, e et et Seel e s s 26 38 11 1.85 6.8 7.7
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Fig. 33. Granulometric analyses of samples of soil and creeping soil around Store

Saltse. 482, 488, 518, and 521 are creeping soil, 491 is soil from the lake shore south

of the palsar. 494 originates from flakes of foliated soil and moss peat from the eastern
lake shore. 522 is mineral soil from the depressions between the palsar.

In the north-eastern corner of the lake another wide valley termi-
nates and here, facing the lake, an even slope is found covered with
Drepanocladus mats, intersected by a wide-meshed net of frost cracks
with a few embryonal formations of palsar.

Table VII and fig. 33 show the granulometric composition of the
soil around Store Saltsg. The variations are rather great, but the sorting
surprisingly good. The soil outside the creeping soil areas (491 at the
bank south of the palsar and between the pals ridges 522) does not dif-
fer essentially from the creeping soil and differs from the dust in the
pals ridges mostly by its content of sand and clay.

V. THE SALT LAKES

Far back in time it has been known that round the head of Sendre
Stromfjord there were lakes with saline or alkaline water (J. A. D. JEN-
SEN, 1881, 1889). In the missionaire Hans Christoffer Glahn’s diary from
the 4th of February 1768 such salt lakes and salt liberations are mentio-
ned, and SAMUuEL KLEINSCHMIDT wrote in 1879 to J. A. D. JENSEN that
on the north side of the innermost part of Sendre Stromfjord there
should be a rather large area with almost no water, and the little water
actually found had a saline or alkaline taste.
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As mentioned previously, it is not true that no water is found here,
on the contrary, the area is abundant in lakes, but the water of more
of them is actually saline or alkaline.

During his travel in 1884, J. A. D. JExsEN found such a lake, which
he called Tarajornitsoq. He states its position to 66°56" N, 50°53" W,
abt. 600 feet above sea level and a few hours’ walk from the fjord.

A water sample was analysed by K. Rorpam, and the proportions
were the following, calculated on 10.000 units of water:

Clo 9.03 MgO oo, 5.10

SO, 0.76 [ Y T -

COpeveeennnnnnn, 7.2 NagO eooeeeennnn.. 1111
KyO v 0.79

Total salt content: 34.00

This gives a salinity of 3.4°/y,. Later on, BocHErR (1949 and 1959)
brought new knowledge of these salt lakes and he also tried to find
JenseEN’s Tarajornitsoq. BocHER (1949) divides the lakes of the area
into 4 groups:

poor in salt, acid lakes

poor in salt, neutral lakes

lakes with rather saline, alkaline water
lakes with saline, highly alkaline water

oowp

Table VIII and fig. 34 show the chemical composition of these
water samples according to BocHER and supplemented by two analyses
of water samples from Store Saltse, taken in July 1962 and July 1965
respectively. All analyses were made by Danmarks Geologiske Under-
sogelse (The Geological Survey of Denmark) and for BocHER the chief
chemist VERNER CHRISTENSEN, has further converted ROrRpam’s ana-
lysis from Tarajornitsoq so that it appears in the same form as the
other ones.

BocHER has been of the opinion that J. A. D. JENSEN’s Tarajornit-
soq must be one of the lakes he calls Brayaso, Limneass, or Hundesgo,
which are situated in a valley NW of Stremfjordshavn.

By salinity is understood the concentration of the ions present.
CLARKE (1924) also includes SiO,, Al,O3 and Fe,Og, but as most of SiO,
oceurs as undissociated silicic acid, and since Fe,O3 and Al,O4 only occur
in very small quantities, it is more satisfactory to define the salinity
as the concentration of Na, K, Ca, Mg, CO4, SO,, and Cl, after bicarbonate
has been converted into carbonate (Hurcuinson, 1957).

Calculated on this basis it will be seen that the salinity of the Green-
land salt lakes is very low. The highest degree of salinity is found in
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TAble VIII
Lake near
Stremfjords- Lille Saltse Brayase Tarajornitsoq
havn
3/8-1946 26/8-1946 21/9-1956 1884

mg/l mval/l mgl/ mval/l

mg/l mval/l

mg/l mval/l

(o0 M 174 5.80
HCO3= oo, 317 520 397 6,50 767 12,60 } 983 32,77
SO, =~ it 2 0,04 2 0,04 123 2.56 91 1.90
S e R e o eine 154 4,34 169 4,77 1246 34,97 903 25,47
Ca+t+ ............ 25 1,25 30 1,50 15 0,75 0 0,00
Mg++............ 41 3,37 62 5,10 180 14,80 308 25,30
Na+t ............. 65 2,83 824 35,84
K+ oo, 116 4,96 46 1,13 } 929 40,48 66 1,68
Fe++ ... ......... <0,
Mt e
SIT0 U 15 13 1,2
pH............... 8 8-9 8,95
Sp Conductivity
pmho............. 3100
Salinity %pe. . ... .. 0,6 0,8 3,4 3,2
Store Saltse

20/9-1946 20/9-1956 4/7-1962 3/8-1965

mg/l mval/l mg/l mval/l mg/l mval/l mg/l mval/l
GO == s s s 408 13,60 234 7,80 168 5,60 231 7,70
5 (010 T 878 14,40 964 15,80 939 1540 979 16,05
SO ™ e, 48 0,94 40 0,83 35 0,73 37 0,77
Cl= . iiieinn s 708 19,97 570 16,07 520 14,66 570 16,07
(ol e 32 1,60 30 1,50 38 1,90 20 1,00
Mg++............ 236 19,41 182 14,97 150 12,33 195 16,05
e 514 22,35 400 17,39 446 19,39
K+ e 206 5,27 } St { 170 435 185 4,37
| T RS <0,1 0,1 0,08
Mn+t+............ 0
5770 M 10 A 0,6 8,95
L e ab 9,5 ab 9,5 8,9
Sp Conductivity
pumho............. 3300 3100
Salinity /g . ... ... 3 2,6 2.4 2.7

Brayaso and Tarajornitsoq with 3.4 and 3.2 °/y,, the lowest degree of
salinity in the lake at Stromfjordshavn with 0.6 °/o,. If one agrees with
Rawson and Moore (1944) that the border between fresh water and
salt water lies at a salt content of 200-300 mg/l (0.2-0.3 °/,,) these
Greenland lakes fall under the term salt lakes.
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Fig. 34. The ion content in water samples from saline lakes at the head of Sendre
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Fig. 35. Triangle diagram showing the interrelation between the anions in the
Greenland salt lakes after convertion into milliequivalents/litre.

The diagram also shows that the salinity of Store Saltse fluctuates
somewhat. In the period 194662, the salinity decreased from 3-2.4 9/,
but in 1965 it increased again to 2.7 °/,.

Both the table and fig. 34 show that for all these lakes it can be
said that the content of Ca*t*is very low or is lacking, but all the lakes,
with exception of the two least saline, contain both carbonate ions and
bicarbonate ions.

Among the cations the alkalis are the most dominating, but there
is also a rather considerable content of magnesium.

Hurcuinson (1957) divides the saline waters into three types on
the basis of the dominating anions and he distinguishes between carbo-
nate lakes, sulphate lakes and chloride lakes, with all possible inter-
mediate stages in between, as a matter of course.

Fig. 35 is a triangle diagram which should show the relationship
between the anions CO;, SO, and Cl. It reveals that with increasing
salinity in these Greenland lakes, the type will change direct from car-
bonate lakes to chloride lakes, whereas the content of sulphate is sur-
prisingly low in all cases.
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Fig. 36. Triangle diagram, showing the interrelation between the anions in the

different North American salt lakes. 1. Utah Lake. 2. Pyramide Lake. 3. Winne-

muca Lake. 4. Walker Lake. All in the Lahontan Basin, Nevada. 5. Tular Lake,

California. 6. Pelican Lake, Oregon. 7. Bluepoint Lake, Oregon. The salinity of

these lakes ranges from 1.3 °/y, in Utah Lake to 4.9 °/y, for Tulare Lake. CLARKE
(1924) converted into m.equiv./l.

This is something quite unique. Fig. 36 shows triangle diagrams
from salt lakes in North America with a similar salt content as
the Greenland lakes. The figures have been converted from CLARKE
(1924).

The diagram shows clearly that in all these lakes the sulphate ion
makes up a considerably higher percentage of the total content of
anions than in the Greenland lakes. The same is true of the lakes in
western Tibet investigated by Hutcrinson (1937, 1957) and shown in
fig. 37.

This is due to the fact that in a lake with increasing salinity the
caleium carbonate will precipitate as the first one, which results in a
relative increase of sulphate and chloride in the remaining brine. With
a continued increase of the salinity the solution product of calcium sul-
phate will be passed and the latter precipitates as gypsum (CaSO,
2H,0). Not until this stage, will the chloride ions become the dominat-
ing ones. The normal development is therefore from carbonate lakes

188 5



66 Kas HANSEN IV
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Flg. 37. Triangle diagram showing the interrelation between anions for some salt
lakes in western Tibet. (After HuTcHINSON).

over sulphate-chloride lakes and into chloride lakes (HurcHIiNsoN,
1957).

As in Greenland, the Antarctic also has lakes which do not follow
this rule, but apparently go from the carbonate stage directly into the
chloride stage. The lakes in the Antarctic are more complex, however. Some
of them are frozen all the year round and possibly get supplies of mineral
components from sources at the bottom (ANciNo and ArmITAGE, 1963,
AnciNo, ArMiTAGE, and TasH, 1962, 1964, 1965a.b., ARMITAGE and
Houseg, 1962, CrLark, 1965, Hamirron, Frost and HavEes, 1962).

In order to explain the diverging behaviour of the Greenland salt
lakes it is necessary to study the sources of their ion content. The con-
tent of dissolved salts in lakes and rivers originate from two sources.
One is the chemical effect of percolating water in the soil layers, espec-
ially in the source areas of the river systems. This chemical weathering
is dependant partly upon the climatic conditions and partly upon the
kind of rocks through which the water is percolating and during which
the water absorbs CO, and humus, which together with the hydrolysis
of the water have a dissolving and decomposing effect on the mineral
particles of the soil.
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Table IX
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Salt Lake City, Utah
Temperature °C —1.2 1.9 49 9.6 15.6 211 25.6 23.7 18.0 12.2 6.0 —0.7
Precipitationmm 30 40 45 53 55 19 19 33 22 30 48 49

Winnemucca, Nevada
Temperature °C —2.1 0.7 4.2 81 12.2 171 21.4 20.7 149 88 33 —1.3
Precipitationmm 26 25 24 21 22 18 5 5 10 16 17 27

Fresno, California
Temperature °C 7.7 10.3 12.5 15.4 19.2 24.0 27.4 26.7 22.6 17.2 11.9 7.7
Precipitationmm 43 39 39 24 11 2 02 02 5 14 24 36

Boise, Idaho
Temperature °C —1.3 1.4 5.7 10.2 139 18.4 229 22.2 16.5 103 4.7 —0.1
Precipitationmm 43 406 33 30 35 75 6 5 13 31 32 39

Fig. 15 (page 30) shows temperature and precipitation at Sendre
Stromfjord in Greenland (BocHER, 1949). It appears that the mean
temperature for the warmest month is 10°C and further, that the mean
temperature lies above zero only from the middle of April till mid Sep-
tember. The whole year round the precipitation is very low and does
not exceed 25 mm for the most rainy month.

Table IX shows temperature and precipitation for a number of
stations in the neighbourhood of the lakes in North America, reproduced
in fig. 36. It will be seen that in these regions the temperature goes above
20°C for July and August, and from April until October the mean tem-
perature is above 10°C. Only for December and January does it go a
little below zero.

Although these regions are arid, apart from the Lahontan Basin
in Nevada, the amount of precipitation is considerably greater than at
Sendre Stromfjord in Greenland. Only as far as Central California and
Oregon are concerned, the two warmest months are practically rainless.

In Tibet the precipitation is admittedly not much higher than at
Sendre Stremfjord, but for July the mean temperature goes as high as
to 17.6°C. This means that in these regions the seeping water is hydro-
lysed to a much higher degree than in Greenland, which intensifies the
influence of water considerably on the minerals of the soil.

In Greenland, not only is the air temperature lower than it is in
the mentioned parts of North America, but the soil is also frozen and
only the uppermost 20-30 cm will thaw during the summertime. This
means that it is only the content of CO, and humus acids in the soil
water that are effective chemical agents, and furthermore, as the tempe-

5*
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rature under the dense vegetation cover is low, the weathering processes
will proceed very slowly.

In 1962, different soil samples were taken in order to examine the
mineral content of the soil, especially in the clay fraction, but the re-
sults are not available yet. The fact that the chemical weathering in
Greenland is very weak and proceeds slowly appeared from an analysis
of a soil sample from Godthab (JEnsEn, 1965). This showed that, in
spite of the high content of fine-grained material, the sample has more
the character of a powder, made chiefly by mechanical transformation
of rocks rather than chemical decomposition. The same lack of chemical
weathering is also known from the Antarctic (KELLy and ZUMBERGER,
1961, BLAkEMORE and SwINDALE, 1958).

The second supplier of ions to fresh waters is the atmosphere. This
supplier has previously been somewhat neglected, but during the last
decades it has become more and more evident that this source plays a
very important role in many cases, especially in lakes with a very low
content of ions, but also in salt lakes. Thus, Goruam (1961) states that
in “The English Lake District” many of the small lakes surrounded by
volcanic rocks contain water with less than 0.2 millieqv. per litre of the
total amount of salts. Hereof precipitation presumably contributes with
almost the total content of chloride, sulphate, sodium, and potassium,
more than 80 °/, of the magnesium content, and more than half of the
calcium. The remaining calcium, supplemented by bicarbonate ions,
originates from the weathering of the soil. Eriksson (1955) states that
as far as southern Sweden is concerned the chloride content of the rivers
comes mainly from the atmosphere. From Finland Gormam (1961)
states the following figures:

kg/ha/year

Ca. Mg Na K SO, Cl
Precipitation Kuopio............. 2.7 0.4 1.0 0.6 9.3 1.5
River discharge Vuoksi........... 12.2 3.9 6.0 5.4 17.7 4.9
Precipitation Jyvaskyla .......... 4.2 0.4 1.4 0.9 11.6 3.2
River discharge Kymijoki ........ 10.6 3.6 5.6 4.1 15.5 6.4
Precipitation in per cent of river discharge:
Kuopio/Vuoksi .................. 22 10 17 11 53 31
Jyvaskyla/Kymijoki.............. 40 11 25 22 71 50

Thus about 20 °/, of the content of natrium, 10-20 °/, of the amount
of potassium, 10 °/, of the magnesium, 20-40 °/, of the calcium, 30-50 °/,
of the chloride and 50-70 ¢/, of the sulphate are added to these rivers
from the atmosphere.

The atmosphere gets the majority of these chemicals from sea spray
when large waves break during gales and produce foam patches with a
lot of bubbles in. When bursting, the bubbles make millions of drops
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which will be thrown high up into the air, where they evaporate and form
salt particles which can act as condensation cores for clouds and rain-
drops, or, they may be captured by raindrops.

About 99 9/, of the amount of natural sea spray is found in the
so-called giant particles with a radius larger than 0.8 4. The speed of
fall is extremely low for these particles, but they can be sifted from the
air even by such small obstacles as grass, spruce and pine needles etc.
Being hygroscopic and therefore generally wet, these particles will rarely
be whirled up into the air again when they have first been caught by
vegetation, from where they can be washed down into the soil by rain
(GoruaM, 1961, Eriksson, 1955).

Swedish investigations have shown that in rainwater collected at
the beginning of rainy periods, under the outer part of pine crowns, the
Na-content was five times higher than in rainwater collected at unshelte-
red places. JUNGE and GusTaFrsoN (1957) found near Boston, Massachu-
setts, that in two containers standing next to each other, one of which
was open all the time, the other one only during rain, the first one con-
tained in average 25 ¢/, more chloride and this because of dry fallout.
Eriksson (1955) has calculated that in Sweden the supply of chloride
to the vegetation from the condensation cores is sufficient to balance
the amount of chloride measured in the run-off. In Japan, Hanva
(1951) found that 14 °/, of the chloride content in the rivers originate
from the rain and 41 °/, from dry fallout.

CLARKE (1924) has made three analyses of sea water: from the
North Atlantic between Norway, the Faroes and Iceland, from the
White sea, and from the Arctic Ocean between the White Sea and No-
vaja Semlia. Converted into equivalents per 100 g salt, the result will
be Cl/SO, = 9.87. This is quite in accordance with Gormam (1961)
when his figures are converted into equivalents. The figure for C1/SO,
is here 9.83.

Table X shows the mean content of sulphate and chloride in the
precipitation for 1955 at a number of European stations. The figures
were taken from EGNER and Eriksson’s tables (1955 and 1956) and
have been converted into milliequivalents per m3 per year. It appears
from the table that even for coastal stations as Lista and Vinga, which
are located in the uttermost islands in the archipelago, the quotient
Cl/SO, is only 2/; of that of sea water. The reason is, of course, that in
the winds blowing from the interior and seaward, the fallout from the
atmosphere contains many kinds of pollution such as dust particles,
pollen and not to forget chimney smoke of different kind.

In the Baltic, even the coastal stations Sylfasta in Gotland and
Tvéarminne in Finland show a still lower C1/SO, quotient than the Danish
stations though these are situated considerably inland.
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Table X

precipi-

tation SO, Cl Cl/80,

mm mval/m3 mval/m?
Sweden :
1. Riksgransen, Lapland .......... 483 1.25 1.51 1.21
2. Erken, Uppland ............... 411 2.23 0.62 0.28
3. Vinga, Bohuslan............... 395 4.79 30.40 6.40
4. Sylfasta, Gotland .............. 397 2.07 1.26 0.61
5. Alnarp, Skéne................. 581 4.70 4.80 0.80
Norway:
6. As, Oslofjorden................ 509 2.61 1.53 0.59
7. Vagamo, Ottadalen ............ 666 0.31 0.42 1.35
8 Lista.................o it 748 8.11 51.9 6.40
Finland:
9. Kuopio ........cooiiiiiii 338 1.43 0.33 0.23
10. Tveerminne.................... 387 1.87 3.17 1.69
Denmark:
11. Odum, Jylland ................ 457 3.87 4.22 1.09
12. Askov, Jylland ................ 596 5.44 12.09 2.22
13. Tystofte, Sjelland ............. 476 4.45 4.66 1.05

The fact that particles originating from sea spray can be thrown
very high up into the air is demonstrated in K6HLER’s determinations
from the mountain station Halde in the northernmost Norway (KOHLER,
1923, 1937). On the basis of KOHLER’S measurements, GorHAM (1961)
has calculated the interrelation between the ions of the white frost on
the Halde peak, the content of chloride being fixed at 100, and the
following values were found:

Ca Mg Na SO, Cl
2.4 7.6 56 16 100

Converted into equivalents, the quotient of Cl/SO, will be 8.6, which
lies very close to that of sea water.

From Greenland, no measurements of the precipitation are avail-
able, but we have analyses of the ion content of Indlandsisen. (JUNGE,
1958, MELLOR, 1964, LaNewAY, 1962). Additionally, more analyses have
been made of the salt crusts found at several places in the innermost
part of the Sendre Stromfjord region. These salt crust must have been
brought about by evaporated precipitation which has not been able
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to seep into the ground because the permafrost lies too close to the sur-
face. At Store Saltsg for example, the salt crusts are found at the lower-
most and the rear parts of the peat ridges, because the water in the de-
pressions between the ridges has found no outlet. In the course of time
an increasingly strong solution of salt has therefore gathered in such
depressions, and finally the salts have precipitated in such quantities
that it can be scraped loose with caution.

Analyses from Site 2 on Indlandsisen in North Greenland gave the
following figures in mg/l:

Na Ca K Cl SO,

Average of the uppermost 100 m.... 0.029 0.035  0.011 0.037 0.25
Sample taken 300 feet-below the sur-

(- O U 0.097 0.077 0.156 0.315

Converted into milliequiv./l. this gives a Cl/SO, quotient of 0.21 for
both samples.

Table XI

1 2 3 4 5 6

°/o /o °/o /s /o mvl/g
Gl 8.02 2.60 9.07 Cl..... 10.2 3.0 1.9
L S U, 46.07 22.06 44.31 SO, ... 55.2 64.6 6.0
G Q) e e 0.78 2.16
MgO ................ 2.72  13.88 3.48
CaO ..ot 3.21 Ca .... 0.49 2.9 0.25
Na,O..ovvvvivivn 30.09 9.59 28.19 Mg.... 5.00 0.45 2.1
HO................. 0.91 8.29 4.99 Na.... 222 25.6 6.9
Fe,O3+ AlLOg. ..ol .. 2.55 4.00 K..... 3.8 1.7 1.5
H,O................. 8.76 37.05

Table XI shows analyses of salt crusts:

1 and 2 Salt crusts from the plain at Itivnik within Ikertdq (JEN-

SEN, 1889)

3 Salt crusts from talus slope in the valley Ilivilik, Ps&Turs-
son, 1898

4 Salt erusts from Store Saltse

5 Salt crusts from salt lake at Stromfjords- ; (BocHER, 1949)
havn

6 Salt crusts from Store Saltsg 1965

Converted into equivalents per 100 g the analyses have the following
values for Cl/SO,:
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Analysis 1 0.23

2 0.158
- 3 0.22
- 4 0.25
- 5 0.062
- 6 0.25

There is a good interrelation between these figures, with the excep-
tion of two samples with a markedly high content of sulphate. However,
there is also a good accordance with the analyses from Indlandsisen,
and it is evident that considerably more sulphate than chloride has
been conveyed to the soil surface by fallout from the atmosphere. When
in spite of this, the salt lakes prove to be very poor in sulphate ions
the reason must be that since the permafrost only lies 20-40 cm below
the surface the whole soil profile that thaws in summer is only developed
as the humus horizon A of the podsol profile. Here, the sulphate ions
are reduced to sulphide and will precipitate together with the iron,
whereas the chloride ions, which cannot form insoluble compounds,
join the soil water into the lake, which will thus be almost sulphateless.

Even though the Sendre Stremfjord region has a very low rate of
precipitation, sufficient water will be conveyed to the ground in sum-
mer, especially in valleys like the one containing Store Saltsg, to allow
an extremely dense and abundant vegetation; consequently the soil is
very rich in humus and reducing conditions prevail.

Contrary to this, the temperate and sub-tropic arid regions that
have salt lakes show a very sparse or no vegetation. This is also true for
the regions in Tibet with salt lakes. Here, therefore, the content of humus
in the soil becomes very low and reducing conditions will consequently
only be made on a very low scale, and these salt lakes will get a signi-
ficantly higher amount of sulphate than is the case in the Greenland
salt lakes.

The rather low salinity of the lakes allows both vegetation and
fauna. BOcHER (1949) states that in Lille Saltse there are scattered
specimen of Potamogeton filiformis, whereas no macroscopic vegetation
was found in Store Saltse, only plankton and very few microscopic
sedentary algae, for example Oedogontum sp. Also the lake Limneaso
is without vegetation apart from possible phytoplankton (BOCHER,
1959).

From the lake Brayaso, however, BocHER (1959) mentions Pota-
mogeton filiformis, Rhizoclonium riparium, some Spirogyra, Zygnema,
Mougeotia and Oedogonium and representatives for the genera Synedra,
Clostertum, Cosmarium and Nostoc.
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Roen (1962) states the following entomostratic fauna from these

lakes: 1

Daphnia pulex ............
Macrothriz hirsuticornis .. ..
Eurycercus glacialis . . ......
Acroperus harpae . .........
Alona affinis..............
Alonella nana . ............
Chydorus sphericus . .......
Limnocythere sanctipatrict. . .
Diaptomus minutus . .......
Clyclops scutifer ........... -

+ o+t 4

2
L

+ 4+ +

3
+

+

+
+

4
4

+

+

+

5

+
+

1. Lake of Limneasa. 2. Lake of Baryasg. 3. Salt lake near Stremfjords-

havn. 4. Lake of Lille Saltsg. 5. Lake of Store Saltsg.
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Plate I

Air photo showing the area Iperarissap nuna SE of the upper Sendre Stremfjord.
One notices the wide, flat ridges and three of the deep valleys. In the background
to the left Umivit, from where the wide valley Aussivigssuit extends towards the
east and splits up into two valleys that entwine the rock ridge Pinguarssuk.

In the centre, the rock ridge Manitsut kitdlit, the central part of which contains
a wide, flat valley; the northern part has outflow to Umivit and the southern part
to the lakes in Qangatap kta i.e. to the lake Taserssuaq.

Copyright: The Geodetic Institute, 17.7.1948. Route 507 GI-N 4848.
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Plate II

The region just north of Sukkertoppen Iskappe. The valley in the foreground
running left-right is the erosion valley Kangimut kugtoq that inclines to the east
toward Indlandsisen. North of it the plateau with the flat erosion valley Qérulip
kta. In the background the deep valley of Sarfartoq.

Copyright: The Geodetic Institute, 17.7.1949. Route 507 E-N 4943.
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Plate III

Air photo of the innermost part of Sandflugtdalen. Behind it, Indlandsisen
with the two glacier tongues feeding the melt-water river. To the right, Orkendalen
and to the left the glacier Istiinguata sermia, whose melt-water flows out through
the Isortoq valley. On the plateau between this and Sandflugtdalen one can see
Langseerne and the straight-lined cleft with Kloftseerne. In the middle of the picture
Keglen and behind this, at the rejunction of the two wvalleys, the large plain and
also the sheet of drift sand can be observed. While the north side of Sandflugtdalen
is quite straight-lined with a smaller or broader talus, the south side is heavily eroded
by glaciers and with inumerable cirques.

Copyright: The Geodetic Institute, 20.8.1948. Route 505 H2-0. 1.
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Plate IV

In the foreground, Kleftseerne and behind them Sandflugtdalen, Orkendalen
and the innermost part of Sendre Stromfjord. Behind Orkendalen the plateau with
the L-shaped Store Saltse and the big lake Taserssuatsiak. Behind it, the large
melt-water valley terminating in Umivit. Right in the background Indlandsisen
and Sukkertoppen Iskappe are faintly seen.

Copyright: The Geodetic Institute, 15.7.1948. Route 508 B. 4749.
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Plate V

In front, peat ridge IIT with the heavily disturbed peat layers and behind it
ridge IV with a steep front side. In the background ridge V overgrown with willow
and birch; to the left a large terrace of creeping soil.

Photo 4268-69-70.
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