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8 RAJMUND GALON AND JAN SZUPRYCZYNSKIJ

In the autumn of 1967 all members of the research team met for the first
time to divide the tasks in preparing the Expedition. The costs of the Expe-
dition were covered by the Governmental grant and by the contribution made
by the Polish Geographical Society. The Institute of Geography of Poznan
University donated medicine supplies, the Institute of Geography of the Polish
Academy of Sciences and the University of Torun jointly purchased the camp
equipment which later was brought back to Poland and will be available for
further expeditions.

Much valuable assistance was also given to the Expedition by the Institute
of Geophysics of the Polish Academy of Sciences. The Institute offered a com-
plete outfit of individual clothing and equipment. Some time before all this
equipment had been acquired by the Polish Committee of International Geo-
physical Co-operation for its research expedition to Spitsbergen. The Institute
of Geophysics also supplied part of the apparatus required for glaciological
and meteorological investigations. Finally, the Institute of Geography of the
University of Wroctaw loaned some glaciological and meteorological instru-
ments.

In view of all this, the members of the Expedition wish to express their
sincere gratitude to all persons and institutions, both Polish and Foreign Citi-
zens, for their valuable assistance.

The composition of the research staff was as follows (Fig. 2):

(1) Professor Dr. Rajmund Galon, leader of the Expedition, Institute of

/ \

e e s waady )

Fig. 2. Members of the Polish Geographical Expedition to Vatnajokull. From left
to right: T. Konysz, Z. Churski, J. Szupryczynski (Deputy Leader), S. Jewtuchowicz,
S. Kozarski, K, Klimek, R. Galon (Leader), M. Bogacki, G. Wdjcik
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THE. POLISH GEOGRAPHICAL EXPEDITION 13

Fig. 8. Before beginning the field work. Photo by G. Wojcik

Fig. 9. Before crossing a meltwater river on the proglacial area of Skeidararjokull.
Photo, by R. Galon
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GEOMORPHOLOGICAL AND GEOLOGICAL ANALYSIS 17
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Fig. 1. Geomorphological sketch map of Central Section of the proglacial area of
Skeidararjokull

Outer zone of ice-marginal landforms (main end moraines): 1— older end moraines, 2 —
younger end moraines. Arrows designate moraine gaps, 3 —outwash fans with eroded end
moraines and meltwater valleys, 4 — plain of degradation and aggradation, 5 — elongated
depressions and kettles or subglacial channels, 6 — inner zone of ice-marginal landforms com-
posed of crevasse filling ridges, eskers, kame plateaus, irregular hillocks, moraine and silt
plains. Black lines designate more distinct ridges, indented lines — small escarpments, arrows —
places of subglacial overflowing of meltwater, 7 —rivers and lakes. I — area of the oldest ice-
-dammed lake, II —area of the younger ice-dammed lake, III —area of the youngest ice-
-dammed lake with disappearing small lakes

najokull region or some larger parts of the proglacial area. Among more re-
cent papers should be mentioned, primarily, the investigations continued for
a number of years by Ahlmann and Thorarinsson with regard to glaciologi-
cal and meteorological phenomena and to accumulation processes observed
in the Vatnajokull region (1939). Thorarinsson also published a number of less
extensive studies on glacier oscillations in Iceland, and a further paper on
marginal deposits; the same author investigated the jokullhlaup (1954) process,
a problem important from a hydrological and geomorphological point of view.
Todtmann stayed repeatedly in the Vatnajokull region where she made gla-
ciological and geological observations along the southern and northern Vat-
najokull margin; in 1960 this author published a synthetic glaciological-geo-
logical report on Vatnajokull. Further data on Vatnajokull and on its forefield,
accompanied by extensive literature, was given in a synthetic study by Okko
who discussed glacial deposits in Iceland (1956). Finally there are Hjulstrom
(1952), Price (1969, 1970) and Price and Howarth (1970), who made their re-

2 Geographia Polonica
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rig. z. ‘'lne main end moraine ridge dissected by overflowing meltwéter valleys (named end moraine gaps or breaks). In the foreground
outwash plain with stone remnants of destroyed end moraines. Photo by R. Galon
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26 RAJMUND GALON

made by Prof. A. Gawetl it appears, that this deposit contains only 19.8%
coarser fraction of more than 0.060 mm diameter, and that the large-size frag-
ments are dark-grey basalt, while among the smaller-size fraction sideromela-
nites predominate; and that the fraction which can be flushed out consists of
chips of volcanic glass.

TABLE 1. Granulometric parameters characterizing certain deposits from the Skeidararjokull
forefield, in the light of A. Gawel’s laboratory tests

Kind of deposit Median Quartile Quartile Dispersion
Md O 0. S = 1/2(Q;+Q:—2Md)
Main end moraine 0.43 mm 0.15 mm 1.20 mm 0.245
Moraine deposit of inner
moraine zone 0.49 mm 0.15 mm 1.02 mm 0.095

Outwash-type deposit in
substratum of the main
end moraine 1.20 mm 0.60 mm 2.00 mm 0.125

Some 20 m above Sandgigjukvisl River this silt deposit, here perhaps more
distinct, reaches its bottom. A rock pavement appears here under a different,
older series of sediments consisting of clearly stratified coarse-grained sands
and gravels alternating with light- and dark-colours, with well-rounded boul-
ders of various size. This series show a very much diversified composition. In
the light of laboratory examinations made by Prof. A. Gawel they represent
the substratum of the moraine deposits and landforms described above and
being the result of some re-advance of the glacier. In the 0.25 mm fraction
fine gravels of isometric shape and rounded edges predominate. Light-coloured
feldspars are also represented, especially in the 0.2 mm and the 0.6 mm frac-
tions. The coarser material (1.2 mm and 2.0 mm) shows similar granulometric
features and consists mostly of black basalts and sideromelanites (Table 1).

To make characteristic structure of the end moraine zone more explicit
let us add the description of exposures into the zone where the moraine hil-
locks are built of stratified or streaked sands and silts and show a structure
indicating settling or downflow. This deposit, consisting of alternating dark-
yellow silts and loose black sands, occasionally with some gravel admixed,
spread in the form of fluidal streaks dipping northward in conformity with
the land surface, may be considered as ablation moraine (Fig. 9).

As seen from Prof. A. Gawel’s laboratory examinations, the material
resembles the moraine deposit from above the Sandgigjukvisl valley. However,
this sample contains many more parts easily flushed out (34.6% as against
5.4%). The coarser fractions contain isometric grains, while in the finer frac-
tions (of 0.43 mm diameter) elongated grains of irregular shape occur. Basaltic
glass of light-brown colour is predominant here. As a new element a soiled
glass of pumice-like, fibrous texture appears in this material (Table 1).

The deposits which build the main end moraine zone described up to now,
can be subdivided into:

(a) stratified,

(b) streaked,

(c) unsorted deposits.

Lithologically the stratified and streaked deposits are:

(a) either dark yellow silts,

(b) or coarse-grained dark sands.
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30 RAJMUND GALON
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Fig. 12. Schematic diagram of a moraine gap
A —main end moraine zone, B — outwash zone, C — elongated depression: 1— end moraine
ridge, 1a — glacier margin at the time of the end moraine and when the moraine gap was
formed, 2 — outwash fan associated with the above end moraine, 3 — moraine hillocks and
plateaus, 4 — central erosive kettle in former glacier gate, 5— flow sill in end moraine gap
formed of large rock blocks, 6 — runoff channels incised in outwash plain
.

Fig. 13. Schematic diagram of a moraine gap. For legend see Fig. 12

Fig. 14. Schematic diagram of a moraine gap. For legend see Fig. 12
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deep (as great as 2 m) and numerous flow channels which in the forefield of
this gate have spread in radial pattern. Due to the erosive action of meltwater
streams accumulating in this older gap the end moraines were destroyed and
in the region of the younger end moraines a deep hollow has developed.
However, it seems probable that the decrease in size of the moraine area,
especially of the older moraines, near gap No. 2 might have taken place at
some earlier time, when some earlier moraine break existed in the zone of
the older end moraines or when the younger end moraines started developing.
In this case, this might be considered as an example of how glacier gaps have
persisted while the glacier was retreating.

Fig. 15. Moraine gap No. 5: end moraine ridges (1, 2, 3), small dissected outwash
fans (V-III) and meltwater valley with terraces (V-I)

Despite this the most thoroughly developed are moraine gaps No. 5 (Fig. 15)
and No. 10 (Fig. 16) which dissect the main end moraine zone down to its base;
one might call these gaps regular breaches in the moraine zone. From both
gaps a number of outwash fans and tracks have started, evidence of the great
power of the meltwater streams which arrived from several smaller glacier
gaps. Moreover, the outlets of both these gaps pass directly into wide melt-
water valleys which extend far into the moraine forefield. An important role
in proglacial drainage was also played by a valley, dry today, which started
its course from gap No. 5 (Figs. 15 and 17). Near this gate, farther westward,
in the southern margin of the older end moraines a smaller moraine gate may
be seen with its runoff track which has since been undercut by the valley
starting from gate No. 5.

Gap No. 10 is a conspicuous extensive and fairly wide sill, raised on one
side 18 m above a basin which was once filled with an ice mass and, from
other the side, i.e.,, from the south, passing by a sharp 15 m escarpment into
an outflow channel which today is diversified by large kettles (Fig. 16). This
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Fig. 16. Moraine gap No. 10

Fig. 17. Outwash fans in the moraine gap No. 5. Photo by R. Galon
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46 RAJMUND GALON

the sand and gravel strata abruptly end, contacting coarse gravel beds and bo-
ulders. Undoubtedly the esker described here is a crevasse structure or it ori-
ginated, as has recently been ascertained on the glacier, in a meandering wide
valley incised into the glacier surface. Everywhere on the surface, the esker
shows coarse material, while lower down there are streaks of dark sands and
silts with locally intercalated thin layers of light-coloured clay. Hence, this
is an ablation moraine combined with local ice-dammed lake deposits.

Summing up our comment on the inner zone of marginal deposits and land-
forms as a whole, the following facts should be emphasized:

(1) The entire area shows distinctly a northward lowering. At the same
time all hillocks and ridges of the end moraine type and of crevasse filling
origin gradually pass in northward direction into an undulating plain built of
ablation and ice-dammed lake deposits. The few crevasse filling ridges also
occurring on the silt-covered undulating lain continue their course beyond the
peripheral river, reaching as far as the present-day marginal zone of the gla-
cier. This shows, that in the past 50 years a distinct change in deglaciation has
set in, from frontal deglaciation (indicated by end moraines in the western part
of the geomorphological zone under discussion) by way of marginal deglacia-
tion (crevasse filling walls) to deglaciation by ablation (a silt-covered plain).

(2) The larger walls running in N-S direction show a northward tendency
to grow narrower and to form sharply stepped crests — further proof of the
diminishing of crevasse accumulation in a northward direction and of some
sort of deglaciation by stages.

(3) The discussed marginal zone contains a great number of traces of ice-
-dammed lakes near the glacier margin, which in their slopes show former
shore marks and tracks of former northward water runoff, in accordance with
the gradual retreat of the glacier front. A number of dry valleys have also
survived in which meltwater streams used to run and to feed in the nineteen
forties, first, the extensive ice-dammed lake situated in the area of the elonga-
ted depressions and, next, the Sandgigjukvisl River escaping at that time from
this lake (Fig. 21).

(4) At many points of this zone, in the hillocks and ridges partly running
parallel with the direction of the main end moraine belt one observes large
transverse incisions resembling moraine gaps leading from one basin into the
next, situated farther south (Fig. 1). At these points glacier gates may once
have existed through which the waters, accumulated in subglacial basins under
hydrostatic pressure, were finding their way into proglacial lakes.

(3) There seems to be no doubt that both the abrupt steps in the crevasse
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filling hummocks and ridges described above, and the gaps in the moraine rid-
ges indicate stages in which during deglaciation the glacier front has been sta-
gnant.

(6) Many places can be seen, where deep and sharply marked kettles are
either being formed at present or have developed recently; they are evidence
of dead ice blocks which had been buried in the glacier substratum. They re-
present the last manifestation of glaciation in the area discussed.

THE COURSE OF DEGLACIATION ON THE SKEIDARARJOKULL FOREFIELD:
A TENTATIVE IMAGE

From the descriptions given so far it can be seen, that the retreat of the
glacier from the line of the main end moraine zone across the zone of the inner
marginal deposits and landforms to its present-day position has been proceed-
ing in a diversified manner. A rough sketch shown in Fig. 29 shows the
presumed path of some lines delimiting the retreating glacier margin in this
area. Within the main end moraine zone on this map are indicated the chains
of the more important end moraine ridges including the moraine gates incising
these ridges. Also taken into account were some of the steps occurring in the
slopes of the elongated depressions described above and considered as former
ice-contact walls. The oldest lines marking the glacier front within this zone
have been reconstructed on the basis of remnants of end moraines, today me-
rely piles of boulders, and of the southernmost moraine plateaus, together with

Fig. 29. Sketch map showing the presumed path of some lines delimiting the retreat-
ing ice front in the area under discussion. Arrows indicate places of overflowing
meltwater topography
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their gaps. It appears, that the moraine gaps seen in the main end moraine
zone belong to five separate successive lines of retreating glacier front (Fig. 29);
and this is at the same time evidence of the number of more definite standstill
stages of the glacier in this region.

Within the inner zone of marginal deposits and landforms has been drawn
the first line of the extreme glacier margin, which runs along the marginal
landforms bordering from the north upon the zone of elongated depressions,
— the more so since here extend the sharply marked end moraine ridges which
were mentioned. The next, that is, later lines of the ice margin have been re-
constructed on the basis of steps visible in the crevasse filling forms, among
them in the high N-S ridge, and on the basis of small moraine gaps seen in
ridges partly running parallel with the main end moraine zone. It seems worth
mentioning, that in the area where crevasse filling walls and kame forms pre-
dominate, deglaciation was not of an areal nature involving stagnation and
decay of the entire glacier within the area under investigation. This assump-
tion of areal deglaciation is belied by ridges running in W-E direction, i.e., end
moraine ridges which join the crevasse filling forms or form connections be-
tween them (Fig. 1). Hence, in the light of the facts mentioned and the argu-
ments put forward there is no doubt that here gradual deglaciation has been
taking place, with the decay of the extreme marginal zone of the glacier and
the subsequent formation of successive crevasse filling forms. It appears that
some very long crevasse filling ridges have been developing during several
successive standstill stages. This, on the one hand, is evidence of the longevity
of a crevasse; on the other, the repeatedly seen abrupt changes in height and
width of these large ridges indicate that after successive standstill stages the
dimensions of the glacier must have been subject to changes.

It is more difficult to reconstruct the line in which the ice margin has been
extending in the area of the undulate silty plain which is virtually devoid of
stepped crevasse filling forms. Here the author made use of the map drawn in
1946, which indicates the glacier margin as it ran at that time. It appears, that
at two points near the river the margin line shown on this map tallies with
crest steps in the crevasse filling walls. Hence, our method of using steps in
crevasse filling forms for verifying successive positions of the glacier margin
has proved useful.

OQuter 20ne Inner zone
Local end moraine 003 iz Proglacial lake
Ma y valley »
. »
e,
utwash o~ S Sas ,,:;/,\_‘ e s twash »7,/
/ ~ / v - ~ ~ e

Lower boundary of the youngest glacial drift :

Fig. 30. Diagrammatical cross-section through the proglacial area investigated

Let us now reflect upon the transverse, that is, the N-S cross-section across
the discussed area of glacial and glaciofluvial accumulation, this section line
running along the gap valley of the Sandgigjukvisl River; this deeply incised
channel unfolds the geological structure of the deposits and their substratum
(Fig. 30). Our picture of this cross-section is diagrammatic and synthetic in
character, illustrating the mutual altitude relation of the morphogenetic dis-
cussed zones and their most essential features. Generally speaking, the entire
area embracing the main end moraine zone in its full arcuate extent bears
the feature of a terminal depression, as is encountered both in the forefield
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54 RAJMUND GALON

The origin of the Sandgigjukvisl valley representing the central proglacial
river issuing from the Skeidararjokull deserves special attention. The evolutio-
nary stages of this valley and their periods of duration are at the same time
successive stages of the course of deglaciation. However, any reflections upon
the Sandgigjukvisl River and its valley must be paralleled by -a consideration
of the peripheral rivers and their valleys. The reason is that apart from the
present-day system of peripheral valleys and ice-dammed depressions seen near
the glacier margin (which are all closely connected with the Sandgigjukvisl
valley) there exists, within the range of the glacial deposits and landforms

Fig. 36. Delta of Sandgigjukvisl. Photo by R. Galon

discussed above, only one older system of peripheral valleys and ice-dammed
lakes which can be associated with the southward running Sandgigjukvisl
valley. This older system was situated within the zone of elongated depressions
in the rear of the main end moraines. Amittedly, some minor peripheral runoff
tracks can be seen in the eastern part of the inner zone of marginal deposits
and landforms, but they lack the character of a full valley- and - basins sys-
tem which could have served as a network of peripheral drainage from a large
part of glacier front.

Thus we arrive at the conclusion that only twice has the area under discus-
sion passed through glacial conditions under which a peripheral system of con-
centrated water accumulation and of runoff of Skeidararjokull meltwater
might have been operating in the rear of the main end moraine zone. How-
ever, the glacier front did not have to be in a stable position during these two
successive systems.

The first of these systems of drainage, situated in the immediate rear of
the main end zone, existed originally as a system of proglacial ice-dammed
lakes, at the time when the glacier margin was laying down the farthest south-
ward moraine deposits of the inner zone of marginal landforms. As indicated
by the 1944 aerial photographs, this system was still in operation when the
glacier margin had retreated almost to the line of the present-day peripheral
river (Fig. 21). While the first system of peripheral runoff lasted, the meltwa-
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Fig. 1. Geomorphological map of the area east of the Sula River.

Forefield of main end moraine zone
1 — Outwash fans: spread of lines indicates different runoff directions on the plain of degra-
dation and aggradation, 2 — Scarps of outwash levels and of terraces in valleys, 3 — Dry valleys,
4 — Old end moraines, 5a — Stone remnants of end moraines connected with main end moraine
zone, 5b — Stone remnants of end moraines connected with older moraines

Rear area of main end moraine zone
6 — Morainic plain, with flat or undulating surface, 7— Low stone hillocks or undulating
plateaus, 8 — Large-size flat gravel-boulder ridges (crevasse forms), 9 — Isolated mounds built
of silty material, 10 —Ice-dammed depressions or meltwater kettles, 11 — Pavement-type floorss
of former meltwater streams, 12 — Lateral valleys

Main end moraine zone
13 — High morainic hillocks and walls (more prominent ridges) from rise of 20th century,
14 — Old morainic walls from about 1890, 15— Larger meltwater basins and elongated inter-
morainic depressions, 16 — Moraine-outwash gates in end moraine chains, 17 — Sharp scarp
steps within main end moraine zone (ice-contact walls)

Youngest land forms presently forming
18 — Ice-dammed plains
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aeolian deposits. The difference in height between the bottom of this depres-
sion and the moraine crest reaches as much as 20 m, and the slant of the
northern slope is often some 25° In this western part of Skeidararsandur the
older end moraines have been flushed away by the waters issuing from former
glacier gates which now are represented by moraine gates. The moraine gates
start out from the chain of the younger end moraines. Denudation has here
been so powerful, that in this western part it is difficult today to trace the
course of the end moraines; often not even old accumulations of boulders have
survived (Fig. 2).

Fig. 2. Stages of glacier standstill in the area east of the Sula River from the half
of the 18th century
— run-off directions

The older end moraines are built of unequigranular sands with boulders;
for the most part the boulders are embedded in the surface layers.

The younger end moraines

In the western part of Skeidararsandur the younger end moraines form
a sharply marked zone. As mentioned before, they are separated from the
older end moraines by a marginal depression. The younger end moraines
extend from the eastern boundary of the area discussed westward for a dis-
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GEOMORPHOLOGICAL AND GEOLOGICAL ANALYSIS 69

4-5 m high, extending in a N-S direction. As to structure, the eskers are built
of stratified sands and gravels (Fig. 10).

The majority of the protruding land forms encountered consist of stratified
silts and of fine- and very fine-grained sands; often their structure appears
disturbed. The strata are not slanting southward in conformity with the ge-
neral water runoff from the glacier, but in opposite, i.e., a northward direction.
The disturbances are secondary features, caused by melting dead ice blocks
and by bottom subsidence resulting from these processes (Fig. 11).

;m”: g

Fig. 10. Esker structure. Photo by M. Bogacki

S N

Fig. 11, Crevasse form with disturbed dip of strata:
1 — silty and very fine-grained sands, 2 — coarse-grained sands and gravels

Also seen in this area are extensive elevations built of stones and gravels.
These are large forms with relative altitudes up to 10 m and with steep scarps.
Their long axes frequently run in a N-S direction, at right angles to the glacier
margin. Adjoining these elevations lie meltwater kettles. It seems probable
that the elevated land forms have developed in large glacier crevasses. Today
one sees the formation of similar forms in the zone of stagnant ice, often as
extensions of older forms.
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Fig. 14. End moraine zone from about 1900. Photo by M. Bogacki

Fig. 15. Rock debris and stone cover on moraines from about 1900.
Photo by M. Bogacki
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moraines have been mainly destroyed by waters of the Rivers Skeidara, Sigur-
durfitjarall, Haaldavisl and Sugurdharfitajaralar. The three last-named rivers
ran as late as 1945-1946: now they are completely dry.

Due to the partial destruction of the end moraines it is difficult to indicate
definitely how far the glacier has advanced in the eastern part of Skeidara-
rsandur. The distribution of moraine remnants indicates that the 1890 moraines
ran in a SW-NE direction.

The moraine gates

The end moraines are dissected by numerous valleys (or gates) of different
widths (Fig. 12). These gaps were the tracks by which the waters from the
front of the glacier were escaping. In width the glacier gates vary considera-
bly, from very small ones ending with an outwash fan to wide gaps with ter-
races.

C) 1 2 / ‘\3 4

Fig. 17. Smaller gates dissecting outer moraine ridge, east of the Sandgigjukvisl

River
1 — morainic ridge, 2 — depressions, 3 — scarps, 4 —small valleys (gates: 7-13); 6, 14 — large
gates

Gates Nos. 7-13 may serve as examples of small valleys (Fig. 17). These are
situated east of the River Sandgigjukvisl. These small gates were in opera-
tion only for a short time; usually they cut only the outermost moraine ridge
and very little water used to pass thorough these gates. This moderate flow
washed away the fine material leaving behind the larger pebbles and boulders
(Fig. 18). This type of landform may even have originated later, at the time
when the dead ice was melting. At present, this type of small gate valleys are
developing on the slopes of ice-morainic ridges extending in close vicinity to
the glacier snout.

Another type of small shallow valleys or gates have developed in the shape
of cones. They started from different moraine chains, at times even from the
youngest, such as gates Nos. 3, 4 and 5. The floors of these gates are lined with
coarse residual material (Fig. 19 and 20). The gates originated at different ti-
mes and were in operation for a relatively short time, probably only for the
period in which one or two morainic ridges were formed.

The longitudinal profile of the small gates is characterized by steep gra-
dients, especially in their upper part. The longitudinal profile of the cone-sha-



Fig. 18. Gate dissecting outer moraine chain. Photo by M. Bogacki
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Fig. 22. Gate with successive levels of erosion

(Gate No. 1)
S
N
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A AR -

Fig. 23. Diagrammatical profile of levels connected with end moraines from about

1900

Fig. 24. Stages of glacier stillstand east of the Sandgigjukvisl River

I's

1-16 — gates
run-off directions
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TABLE 1. Mechanical composition of material building the oldest
outwash fans associated with the 1890 moraines

Fraction Percentage Fraction Percentage
2.5 mm 11.35 0.25 mm 8.44
2.0 mm 1.41 0.2 mm 8.67
1.0 mm 11.31 0.1 mm 12.49
0.8 mm 6.48 0.08 mm 242
0.5 mm 14.69 0.063 mm 271
0.4 mm 6.41 less than

0.315 mm 10.51 0.063 mm 3.11

during which both the older and the younger end moraines originated. Hence,
one can speak of certain longevity of some runoff directions.

At gates Nos. 1 and 8, large meltwater valleys with terraces have deve-
loped dissecting the whole main end moraine zone. The valley of gate No. 1
measures up to 200 m width in its upper part. Three erosive levels can distin-
ctly be observed here; their heights are:

level III 1.5-2.0 m
level IV 3040 m
level V 7.0-8.0 m

The three levels III, IV and V can be seen at practivally all gates. Level V
is the principal level of outwash runoff in the forefield of the 1900 end mo-
raines, whereas level VI forms only a short fan associated with the older end
moraines. Levels V and IV are connected with the younger, and level III
with the youngest moraines of the main end moraine zone, while level II,
as was noted before, breaks off with a step inside the elongated depression.

In this meltwater valley, level III can only be observed over a distance of
0.3-0.4 km. Apart from the stone-lined channel floor of the former stream, at
lower altitudes lie levels IV and V; but some 1 km south of the moraine zone
all the levels mentioned vanish.

The valley extending downstream of gate No. 8 bears the features of a lar-
ge gap about 0.5 km wide. No separate erosive levels have been preserved.
Apart from the stone-lined floor, there is really only one extensive level here,
corresponding to level III of the dry valley developed south of gate No. 1.

East of the last-mentioned gap one sees over a distance of about 1 km the
remnants of destroyed moraines and, in their forefield, one level of degrada-
tion and aggradation. Farther east, as far as the boundary of this area, there
extends the plain of degradation and aggradation (Fig. 12) which contains nu-
merous scattered piles of boulders as remnants of the main end moraine zone
and of younger moraines.

It was mentioned above that the meltwater valleys became shallow very
rapidly, and that to the south they pass into a plain of degradation and ag-
gradation in which the dry channels of former outwash streams are filled up
to 0.5 m height with accumulated sand. The present-day deposition of glacio-
fluvial material by the three large Rivers— Skeidara, Sandgigjukvisl and
Sula takes place much farther to the south, and therefore the plain of degrad-
ation passes farther southward into an area of accumulated material consisting
of fairly well sorted sands (Table 2).
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TABLE 2. Accumulated outwash deposits, from 4 to 5 km south of the
Sandgigjukvisl gap

Fraction Percentage Fraction Percentage
2.5 mm 2.49 0.25 mm 12.09
2.0 mm 1.01 0.2 mm 11.97
1.0 mm 6.10 0.1 mm 12.09
0.8 mm 5.17 0.08 mm 0.91
0.5 mm 19.76 0.063 mm 0.34
0.4 mm 10.77 less than
0.315 mm 16.84 0.063 mm 0.46

(C) THE ZONE OF ELONGATED DEPRESSIONS WITH KETTLES

In the rear of the main end moraine zone there extends an elongated de-
pression. Its contours are sharply marked in the western part of Skeidararsan-
dur, while east of the River Sandgigjukvisl the uniform depression is most
often replaced by a great number of kettle holes caused by dead ice melting,
which in their general outline form a depressed area parallel to the main end
moraine zone.

The difference in relative height between the end moraine crests and the
floors of the depressions in the rear of the moraines is from 20 to 30 m. The
moraines descend by three steps in a northern direction toward the elongated
depression.

Until recently the kettle holes scattered in the elongated depressions con-
tained lakes. Some of these lakes can still be seen on the aerial photographs
taken in 1945 and 1946 and on a 1:50,000 topographical map drawn in 1949.
At present all these kettles are dry and filled with fine-grained silty deposits.
Their top layer consists of black or brown aeolian dust.

(D) THE INNER ZONE OF MARGINAL DEPOSITS AND LAND FORMS

The elongated depression discussed with its kettle holes separates the main
end moraine zone from the inner zone of marginal deposits and land forms.
The character of the relief of this area differs somewhat from the character
seen in the western and central parts of Skeidararsandur.

East of the Sandgigjukvisl River wall- or ridge-type forms running in
a N-S direction occur less frequently. In contrast, fairly extensive moraine
plateaus reach as far as the glacier margin. In the region discussed three such
moraine plateaus can be distinguished: the western, the central and the eastern
plateau. The western plateau is largest and highest with its 15-20 m relative
altitude. Smaller and less high is the central plateau where the latitudes are
of the order of 10-15 m, and smallest is the eastern plateau (Fig. 12). This en-
tire moraine area has been dissected and partly eroded by a peripheral river.

The surfaces of the morainic plateaus are varied due to low hillocks of
end moraines which rise in their northern parts and are associated with the
youngest glacier standstill in this area. This was probably the line which the
glacier margin occupied in or about 1946 (Fig. 24). Further, minor undrained
depressions occur here, as well as a great number of low ridges running per-
pendicular and parallel to the glacier snout. They are up to 1.0 m high and
consist of piles of stone and rubble. These forms resemble ground moraines
of the fluted type, described from other areas (Schytt 1959; Todtmann 1957,

8 Geographia Polonica
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90 KAZIMIERZ KLIMEK

raine ridges and consequently to reconstruct the successive positions of the
glacier front. The surviving moraine ridges lying farthest off and situated at
identical distances from the glacier snout may be of different ages.

P
2/

¥

£

Fig. 1. Relation of the end moraine to the outwash (sandur) plain in different parts
of the eastern Skeidararjokull foreland

THE MAIN END MORAINE ZONE

To the oldest end moraine forms are assigned some low ridges, no more
than 3 m high, which presumably date from the end of the 19th century (1890).
They have been preserved at some places in the foreland of the younger,
usually slightly higher, end moraines. These ridges with rounded tops have
relatively gentle slopes, up to 20°. They are covered by gravels and boulders
showing traces of weathering and block disintegration, although they are not
basalts. Abutting onto these older ridges are younger moraine ridges, usually
slightly higher (3-5 m) with sharp crests and steeper slopes, up to 30°. In some
places it was found that younger moraines encroach upon older moraines,
crossing them at low angle.

Three basic morphological types of end moraine zones were distinguished
there. In the western part of the investigated section of the foreland, where
the deep depression mentioned above borders on the glacier snout, the end
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94 KAZIMIERZ KLIMEK

Fig. 3. A part of an inactive sandur in the central part of the Skeidararjokull fore-
land. Photo by T. Konysz

Fig. 4. Fresh kettle formed between two stream channels. Photo by K. Klimek
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http://rcin.org.pl



‘ B R 4[3'\ ‘u ._
w'd"\:qx' *l 'mb’s&"w‘*¢h~%bl - !I
a ..vdd.&*; l,»,*.l».—‘,( _:..‘—a‘;' :
-3 - - 'f* ",:_‘ w.‘_‘_. .ﬁh\'\-ﬁ ‘f "*-\.
- . hY ‘i' (YR ‘Jo-v’-s‘ “rrih
= ,..\*.. 'l4«.q’s ?.g *P" -nu—,-»fv-'—.» - """""’:"‘ S

(e “’-‘ uv-,—.o —5 —&’ f-' - ""‘ oA . rs
S s NSNS N

' ._e<, PR S, [ oNd TN

. ahrtlom i Rk 1h0g
i vﬂ%&i ST,
"- iv—"“ R N e =
o "JM‘ *

‘11 v’(_

s L sabm,m‘t:t w .é

http://rcin.org. pI




http://rcin.org.pl



Frabes

"

‘“' f "’ -

L .)I.n

wfg . "

SN A il Sl ke

& < T ou f’r S 'iu%@
. :Ja‘p-'kf‘l’j'_'h 4
R e ik

http://rcin.org. pI




MASSIVE

EYSTRAFIALI

[~]s [=]¢ [©]7 [ ]e
[ = = B+
2 O i O = P =

Fig. 6. Geomorphological sketch to show the northern part of the Sula outwash

(sandur) valley-tract
1 — ice-moraine hillocks at the ice margin, 2 — moraine ridges (in the Eystrafjall massif)
or residual hills (in the foreland of the glacier) of end moraines, 3 — undulating end moraine
forming a “moraine plateau”, 4 — hummocky end moraine in the Eystrafjall massif, 5—
ridges of more important moraines, 6 —ice-contact slopes, 7—large thaw thinks within end
moraines, 8 — ‘“‘gates’” eroded in the moraine zone by meltwaters, 9 — glaciofluvial levels of
different ages, 10 — meltwater cliffs, 11 — dry channels of proglacial rivers with pavements
preserved at bottom, 12— dry channels of, proglacial rivers filled with sandy-silty sediments,
13 — “gravel shadows” deposited behind/ ice-blocks 'in | flowing water, 14 —small sandy-silty
fans deposited at the ice margin, 15— channels carrying water in 1960, 16 — rocky walls



Fig. 7. Sula branches downstream the ice-spring. Photo by K. Klimek
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Fig. 8. Sula sandur in the gap. Photo by K. Klimek
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East of the main Sula channel the main end moraine zone bears the fea-
tures of a rather monotonous undulating morainic plateau (Fig. 8). From the
west, over a distance of more than 2 km, and from the south this plateau is
bordered by scarps, 12 to 15 m high, undercut at present, or recently, by the
Sula branches (Fig. 9). Eastwards the plateau is separated by a distinct ice-con-

Fig. 9. Relation of the end moraine to the outwash (sandur) plain in different parts
of the western Skeidararjokull foreland

tact face, 10 m high from lower ground. The plateau surface shows undulating
relief with altitude differences averaging 2 to 3 m (Fig. 9). Much space is also
occupied by minor flattish-topped mounds. In the active Sula cliff it can be
observed, that on the well rounded boulders and gravel (glaciofluvial deposit)
rising up to 6 m above the river level lies sand and silt. In places it contains
gravel and boulders. This deposit shows traces of a fine lamination, indicating
that it was deposited mostly in standing water. On the other hand, the surfa-
ce of higher elongated mounds is strewn with big blocks, and in hollows a san-
dy-silty material has accumulated.

Near the western (undermined) edge of the moraine plateau small dry val-
leys begin, the mouths of which are hanging above the Sula river. These are
the upper reaches of small valleys carrying part of the meltwater that was
escaping westward at the time when the ice margin was lying against the
eastern edge of the plateau. At a few places on the eastern ice-contact slope
of the plateau isolated moraine hillocks occur, 5 to 10 m high, increasing here
and there the height difference to as much as 20 m. These hillocks mainly con-
sist of stratified sand or silt capped by boulders. This suggests that these are
crevasse fillings deposited in the stagnant ice mass.
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when the supply of materials from the upstream section is less. This usually
occurs when gradients are low or when the flow has been stabilized. The finer
material is carried off, the coarser one being left in situ and reoriented in po-
sition. In this way erosional pavements are developing, which are not even
washed away during short periods of increased velocity (Fig. 11). Over the
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Fig. 10. Changes in the suspended load carried by proglacial rivers in the Skeida-

rarjokull foreland
1-—rivers fed by large ice-springs, 2 —rivers fed by the ablation of ice front, 3 — rivers
draining from ice-marginal lakes

surface of erosional pavement the material from upstream sections may be
moved, as was described by Arnborg (1957). The gravels in this pavement
dip upstream and parallel to the flow, but along the river banks they may
deviate up to 45° from this direction. This is caused by the repeated gravel
reorientation when the water level is falling. In zones of rapids the shooting
flow of water and the great kinetic energy cause a powerful erosion of the
substratum, and hence the rapids are subject to parallel retreat. Downstream
them sections of deeply incised channels occur, just like the gorges eroded in
compact bedrock downstream the waterfalls. In dry sections of these deeply
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Field observations and experiments (Leopold, Wolman 1957) indicate that in
straight river sections central bars are being formed in the channel axis. Here
the water is overloaden with the bed-load material (Hjulstrom 1952). Further-
more, it may be the result of the reduced flow velocity caused by local shal-
lowness (Krigstrom 1962). However, it is hitherto unknown how these forms
develop. In the dry channels occurring within the Skeidararsandur plain bars
in different stages of development were observed. Thus it was possible to
study one of the ways of their formation. Bars are being formed when as
a result of a marked increase in flow (velocity) the material occurring in the
channel or eroded from its sides is transported in very large quantities along
the channel bottom. The impulse to deposit the material at a defined place of
the channel floor proceeds from vortex flow, most often caused by the presence
of boulders which move at a much slower rate than the smaller gravel and
sand. Downstream of these boulders where both horizontal and vertical
backward vortexes occur, the transported materials are being deposited. Under
favourable conditions this may cause an increase both in the size of the
obstacle and in the vortex. When the flow velocities and the quantities
of transported material are steadily growing, first a spindle-shaped bar
is formed with its sharp end pointing upstream. It rapidly grows in width and
downstream (Fig. 13). If bars start to develop near one of the river banks,
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Fig. 13. Development of central bars in proglacial river channels (partly after
A. Krigstrom, 1962)

they grow asymmetrically, producing protrusions oblique to the channel axis.
The growth of bars in the channel axis drives the current towards the banks.
The squeezed water body, flowing at an increased velocity, erodes the floor
of the channel and undermines its sides. Usually this leads to a widening of
the channel and to changes in its cross-section. When the water level is fal-
ling, the flow tends to concentrate in the lateral channels and this causes the
bar to emerge from under the water surface. With falling water levels the
bar’s surface is subject to erosion. Then erosional pavements or linear inci-
sions are formed as the result of water concentration in the individual streams
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Fig. 17. Residual boulders wishtd) gyt fpomothy gyid moraine. Photo by K. Klimek
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Fig. 16. The mode of retreat of channel-sides of proglacial rivers cut into sand

gravel-boulders, depending on the water level
1 — infiltration of water from the channel into the sediments, 2 — slumping, 3-— falling off

the repeated and considerable changes in the water level. The formation of
central bars combined with bank migration leads to rapid changes in the river
network. A current channel which has started braiding and in which usually
one of the branches carries a larger amount of water, causes continuous bank
migration until the channel divides are destroyed and the branches join again.
Periodical deepening of some sections is balanced by increased aggradation
in the other ones. Thus it appears that the rivers draining into the Skeidarar-
jokull foreland are in a state of equilibrium in the sense used by Mackin
(1948).

Institute of Geography, Polish Academy of Sciences, Krakow
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Fig. 4. Ice-moraine ridge. Photo by S. Jewtuchowicz
1 — ice-moraine ridge, 2 — depression caused by ablation of ice, 3 — glacier

Fig. 5. Ice-moraine ridge along the shear plane. Photo by S. Jewtuchowicz
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MARGINAL ZONE 123

RIVER VALLEYS

In the marginal zone, among the remarkable erosional forms are the valley
segments where large rivers start their course from the Skeidararjokull melt-
water. The Sula and the Blautakvisl in the west and the Skeidara in the east
belong to these valleys. The main source-segment of the Sula is formed by se-
veral englacial channels at the south-east edge of the glacier. The water is
discharged here under hydrostatic pressure. The Sula is also supplied by streams
flowing from the glacier surface but with smaller quantities of water than
the englacial channels. The quantity of water pouring out from the channels
into the Sula is too large to be contained in its bed and it outflows over a wide
area destroying the ice-moraine belt and the adjacent old moraine. Due to the
action of the water an extensive erosional plain is formed.

In the western part of Skeidararjokull the Blautakvisl collects water mainly
from streams draining the glacier surface and thus, at the time of our obser-
vations, it had received less meltwater than the Sula.

The source of the Skeidara is situated at the eastern edge of the glacier.
This river begins from the englacial channels but it is also fed by streams flow-
ing from the glacier surface as well as by its right-hand tributary draining
the south-east edge of Skeidararjokull (Fig. 10). The Skeidara and its tributary
considerably levelled the ice-moraine zone and a part of the old moraine, thus,
forming an extensive erosional plain.

DARARIOKULL

SKE

Fig. 10. Streams of the Skeidara River

The valleys of the three rivers are transverse to the edge of the glacier.
There are also, in the marginal zone, valleys parallel to the glacier edge. They
are largely valleys of rivers joining lakes. Between lake V and the western
ponded-lake at the Skeidararjokull edge, a long meltwater channel has been
formed by lakes and rivers joined together. This channel plays an important
role in the drainage system of Skeidararjokull. It collects and drains off the
water from two thirds of the whole investigated marginal zone.

The distance between the channel and the glacier edge varies: between the
ponded-lake and lake I it is about 3 km, while towards lake II it becomes
smaller. Morphological observations have revealed that the meltwater chan-
nel consists of segments of different age. The older one, situated farthest from
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MARGINAL ZONK 125

dial moraine ridge, about 8 m high, transverse to the end moraine (Fig. 14). The
proximal part of the medial moraine gradually enters into the ice and disap-
pears. After the ice melts, the moraine is unconspicuous among others glacial
forms of the marginal zone.

This clearly shows that the ice melting and water activity play the main

Fig. 11. Accumulational moraine ridge under the ice edge
1 — ice, 2 — moraine

Fig. 12. Accumulation in bays of the glacier edge near Lake IV. Photo by

S. Jewtuchowicz
1 — morzine, 2 — glacier, 3 — present-day marginal channel draining the foreland of the gla-
cier, 4 — older moraine
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126 STEFAN JEWTUCHOWICZ

role in the accumulation of rock material. The structure of the deposits de-
pends on ice and water.

Surficial deposits, accumulated by water are stratified. In general they are
slightly inclined and often indistinct. In the upper series of deposits the melt-
ing of the underlying dead-ice causes dislocations. They are formed by the
shift of material either vertically or down the slope line. Melting of ice is also

Fig. 13. Accumulational moraine ridge, transverse to the glacier edge
1 — glacier, 2 — moraine ridge

Fig. 14. Medial moraine in the eastern part of Skeidararjokull. Photo by

S. Jewtuchowicz
1 — end moraine, 2 — medial moraine, 3 — glacier surface



MARGINAL ZONE 127

the cause of bending layers which adapt themselves to the underlying ice out-
line (Fig. 15).

The layers of rock material in the glacier are of various sizes. Lenses from
20 cm to several metres in length are very frequent. In some places material
is not stratified.

In the marginal zone where water activity is hampered, material is accu-
mulated directly from the ice, and the deposits remain in unchanged positions.
Their structure reflects the distribution of rock particles within the ice. It is
then a structure controlled by that of the glacier. Where the ice was interbed-
ded with rock material, the bedding of layers is preserved in deposits, whereas
in parts of material chaotically distributed within the ice body, there are struc-
tureless deposits (Fig. 16).

It is well known in glaciology that due to the ice movement the layers are
bent upwards, rising to the margin of the glacier (Fig. 17). In case of direct
accumulation from the ice the deposits show the same bending of layers as

Fig. 15. Bending of the layers caused by dead-ice melting
1 — dead-ice, 2 — sand layers

Fig. 16. Structure of deposits melted out of dead-ice. Photo by S. Jewtuchowicz
1 — dead-ice, 2 — sand layers
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Fig. 19. Inclination of the layers controlled by the glacier structure
1 — ice, 2 — deposit melted out of the ice
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Fig. 2. Main end moraine zone cut by the valley of Sandgigjukvisl, Photo by R. Galon
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152 TADEUSZ KONYSZ

dently twice, by the parallax method, using separate basic grids for each side.
The altitude of the 12 reference points was found by trigonometric levelling,
starting and closing the survey from point Sandgigur for which the 1:50,000
Icelandic map reports the altitude. The datum points were built of stone, by
mounting small pillars 70 to 80 cm high, which had a steel pipe painted white
on top of them.

Sular
» E \A + Lake

Base Station Passags

R Peak
“
ABase Point

Sandgigur J P

|
' - '
Lantern |
\ o
\ Pasture

> " Signal Point o wash

Fig. 1.

After the geodetic work was done, photo-theodolite pictures were taken
and the base stations and control points were tied in. A total of 430 photo-
-theodolite pictures were taken from 76 base stations, and 25 control points
were joined in. Areal photography was for the most part done from the crest
of the end moraine, towards both the glacier and the outwash plain. Where
the moraine shape appeared to be particularly intricate, photographs were
taken from combination points in both eastern and western directions. In
addition, two kinds of photo-theodolite pictures were taken from the glacier
surface towards the end moraine. The pictures taken from longer base lines
were used to increase the density of the survey grid; those from shorter base
lines served to determine relief forms. Thus the pictures taken in this way
covered twice the total area comprising the moraine ridge, the outwash plain
and the marginal part of the glacier — all of them were extremely diversified
in their relief forms. On the base stations and control points, rock piles aver-
aging 60 cm in height were placed as marks.

All geodetic and photogrammetric surveys were made using a Zeiss photo-
-theodolite Theo-10 and a Zeiss photocamera 1318.

While performing the geodetic work discussed above, quite a number of
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Fig. 2. Variations of the meteorological elements for the period 19th June-23rd
August, 1968 in the meteorological station on the forefield of Skeidararjokull
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TABLE 1. Daily values of the meteorological elements in the forefield of the Skeidararjokull in Iceland for the period from 19th June to 23rd August, 1968 =
(=]
) : Solar radiation Humidity Wind Precipitii-
Sunshine duration ly/d 3 Vapour velocity tion
Date  Number y/A Global Diffuse Temperature °C Relative pressure Humidity m/s mm
of hours of possible Ir Ip T; JA U Range e mb deficit
VI 1968
19 — — 385.0 225.5 — — — — 88 10.8 1.4 —
20 5.6 2 390.0 225.5 9.1 13.8 4.9 8.9 84 9.7 1.9
21 7.1 34 295.0 215.0 8.2 12.2 3.7 8.5 79 8.6 2.3 39
22 33 16 492.5 229.0 5.6 8.9 22 6.7 77 7.0 2.1 :
23 33 16 371.5 181.5 6.8 12.8 23 10.5 85 8.4 1.5 — 0.0
24 3.8 18 531.0 321.0 5.9 10.8 1.2 9.6 87 8.1 1.2 — 5.4
25 308.0 279.5 6.6 9.3 4.0 5.3 — — — — 04
26 6.1 29 188.0 188.0 6.4 8.0 4.9 3.1 — — — — 6.9
27 188.0 179.5 5.3 6.0 4.3 1.7 — — — — 2.7
28 0.3 1 262.5 127.0 6.3 8.2 3.8 44 — — — 2.1 2.6
29 6.6 32 414.0 336.5 8.8 11.7 5.7 6.0 — — — 32
30 0.1 1 122.5 117.0 8.0 12.0 6.9 5.1 — — — — 15.2
VII 1968
1 34 16 210.5 152.0 10.3 13.9 7.0 ®69 — — = 5.6
2 2.3 11 284.5 227.0 9.9 11.8 7.3 4.5 = — == 34 0.0
3 15.7 76 692.5 187.5 10.0 14.6 6.3 8.3 — — 3.6
4 13.5 66 646.0 170.5 10.2 16.1 4.0 12.1 — — — — 0.0
5 13.5 66 707.0 157.0 12.5 19.1 W1 11.4 86 12.4 2.1 3.1 0.0
6 3.8 19 447.0 263.5 10.2 153 7.8 7.5 95 11.8 0.6 —
7 135.5 129.5 7.6 9.8 6.1 3.7 100 10.4 0.0 1.6 0.4
8 5.3 26 550.0 281.0 9.7 15.8 6.1 9.7 87 10.4 1.6 29 1.8
9 6.9 34 543.0 201.0 11.3 18.3 6.1 12.2 75 10.0 34 3.7
10 0.3 2 306.5 263.0 9.2 13.6 6.7 6.9 88 10.2 1.4 — 4.2
11 22 11 414.5 294.5 9.1 12.2 5.3 6.9 91 10.5 1.1 — L
12 13.3 67 659.5 165.0 10.7 17.4 5.6 11.8 83 10.6 2.3 — >
13 8.5 43 460.0 187.0 10.7 15.7 6.3 9.4 85 10.9 20 — o
14 5.3 27 468.5 229.5 10.9 16.5 7.0 9.5 85 11.1 1.9 — -
15 43 22 321.0 189.5 9.2 12.8 5.5 7.3 88 10.2 1.4 — B
16 84 43 493.0 191.5 11.7 18.3 5.9 12.4 82 11.2 25 — <
17 34 18 346.5 231.5 11.1 15.2 6.9 8.3 91 11.9 1.3 2.3 0.0 o
18 154 79 673.5 196.0 13.0 17.9 7.4 10.5 86 12.9 2.1 32 =
19 2.0 10 218.0 194.0 10.3 14.0 73 6.7 95 11.9 0.6 3.0 29 5
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sunshine duration occurred on Aug. 5 lasting 16.2 hours, i.e., 95% of the pos-
sible sunshine duration.

The sunshine duration was highest in the first 10-days of August when the
sum of sunshine hours was as great as 72.4 hours, the equivalent of 41% of
the possible sunshine duration. The lowest sunshine duration was in the last
10-days of June — only 30.6 hours, i.e., 15% of that possible. Only for July
was it possible to obtain a full monthly cycle of observations, and therefore
the values for this month may be used in comparison with relevant data cited
in literature. Thus we found that in Skeidararjokull forefield the total of sun-

lomagnupur Sulvtindor  Faerinestindar e
c ! &
ﬁa 5 : W '
4 I ' y Skeidararjokul ,
J Qotwosh ]‘_{.\( R/ . 3.
o | LA \M\%/ \ Ao
> i - plain and sea
‘ - -
0 —
270° J60° 7 120°

Fig. 3. Physical horizon of the meteorological station on the forefield of Skeidararjo-
kull, measured with the theodolite
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shine hours for July 1968 was 160.7, representing 27.2% of the possible total
for this month. From material published by Einarsson (1966) it appears that
at Reykjavik the mean July sunshine duration for the 1957-1960 period was
215.3 hours. For six full 10-day periods, from June 21 to Aug. 20, our observa-
tions revealed a total sunshine duration of 311.3 hours which equals 28% of
possible (Table 2).

TABLE 2. Ten day sums or mean values of meteorological elements in the forefield of the
Skeidararjokull in Iceland for the period from 21st June to 20th August, 1968

VI VII VIII 21 VI-
21-30 1-10 11-20 21-31 1-10 10-20 20 VII1

Element

Sunshine Number of

duration  hours ‘\_:n 30.6 64.7 63.0 33.0 72.4 47.6 311.3
% of pos-
sible 15 32 32 16 41 29 28
Solar Global 3173 4523 4270 3137 3507 3185 21,796
radiation Diffuse 2175 2034 2074 2160 1600 1646 11,689
2y
Tempera- T; EE) 613 10.1 10.6 10.6 11.3 8.2 9.6
ture °C W 9.9 14.8 15.3 14.3 15.8 11.5 13.6
- 3.9 6.5 6.5 8.4 7.6 5.4 6.4
Range 6.1 8.3 8.8 6.7 8.1 6.0 73
Relative % 83 89 88 89 85 79 86
Humidity Vapour 8.2 109 11.3 114 11.4 8.6 10.3
pressure mb
Humidity
deficit 1.8 1.8 1.6 1.5 2.1 2.2 1.8
Wind velocity m/s — 3.1 2.8 3.8 4.2 4.8 3.7
Precipitétion mm 33.2 12.0 9.8 492 51.5 51.4 207.1

The mean ten full day diurnal variations of sunshine duration are presen-
ted in Fig. 4, while the mean diurnal variation for the whole period of our
observations is shown in Fig. 16. It can be seen from these curves; especially
those representing periods of limited frequency of cyclonic weather condi-
tions and a predominance of sunny weather which periods promoted the for-
mation of convective clouds, that the diurnal course of sunshine duration is
irregular and asymmetrical; maximum diurnal sunshine duration occurs at
different intervals before noon. At an average, the maximum for the whole
period falls from the 9 h to 10 h interval and lasts 0.47 hours. Some time about
no<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>