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Late Pleistocene and Holocene

relief remodelling

in the Ebbadalen-Nordenskioldbreen region
in Olav V Land, central Spitsbergen

ABSTRACT. This article presents characteristics of the Quaternary deposits and
landforms of Ebbadalen, the Nordenskioldbreen foreland and the Wordiekammen
massif on the basis of geomorphological mapping of this area and a number of
geologic profiles A—L studied in detail. Glaciers were much more expanded during
the Pleistocene than they are nowadays. Over a period referred to by the present
authors as the Petuniabukta-Adolfbukta Stage they occupied the whole Ebbadalen area
and the eastern part of Adolfbukta. Marine terraces of 70—80, 60—65 and 50—55 m
a.s.l. were formed earlier. At the turn of the Pleistocene three marine terraces were
produced at 40—45, 30—35 and 20—25 m a.s.l. Throughout the Early Holocene
transgression (the Ebbadalen Stage= the Thomsondalen Stage) glaciers occurred in
nearly the entire Ebbadalen area and occupied a larger part of Adolfbukta than
nowadays. During the Middle and Late Holocene marine terraces of 12—15, 5—38,
3—4 and 1—2 m a.s.l. were initiated. Two more glacier advances, the later relating
to the Little Ice Age, took place during the Late Holocene.
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Introduction

The objective of this article is to present characteristics of deposits and
landforms of Ebbadalen and the Nordenskioldbreen foreland, as well as



278 Piotr Klysz et al.

those preserved on slopes of the Wordiekammen and De Geerfjellet massives
(Fig. 1). This region has an area of about 70 sq km and lies in the northern
portion of Billefjorden where it is part of the western portion of Olav V
Land. Its western boundary is formed by the Petuniabukta, while the Adolf-
bukta lies in the south. To the north there are massifs and slopes of
Lovehovden, Hultberget and Sporeheogda. Areas feeding the Ebba and
Nordenskioldbreen in the Cabefjellet region extend in the east.

The present authors carried out fieldwork there in late June and in July
of 1984. The fieldwork was largely combined with observations made earlier
by Klysz (1983 a and b, 1985a). Inferences could be drawn from field
evidence about the occurrence of a set of glacial and glacio-aqueous deposits
and landforms in Ebbadalen and on the north-facing slope of Wordie-
kammen. The evidence suggests that this area may have been occupied by
the Late Pleistocene glaciers and that the Ebbabreen terminus advanced
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Fig. 1. Location map of the Ebbadalen-Nordenskidldbreen region

1:mountain massif tops, 2: glaciers, 3: present-day sea coastline, 4: exposures studied in
detail, 5: area covered by a 1:20000 scale map of the Quaternary deposits and landforms
(under wrapper)
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considerably and was formed three- or fourfold during the Holocene. An age
has been demonstrated for these glacial episodes with reference to later
observations of marine deposits and landforms occurring around Petunia-
bukta as two earlier episodes can be correlated with the expansion of
glaciers which took place about 70 and 41—39 ka BP, the third one can be
identified with the date of about 11 ka BP (Billefjorden Stage?) and the
fourth one can be associated with the Little Ice Age (see Kasprzak et al.
1985).

The research programme of 1984 included first of all geomorphological
and geological mapping of the Quaternary deposits and landforms occurring
in the study area on a 1:10000 scale base-sheet provided by the enlarged
Norwegian air photos of 1961. For the purpose of obtaining full charac-
teristics of the deposits and landforms under investigation, drawings of their
many geologic profiles (A—L in Fig. 1) produced by excavations have been
made and described. Sediments from most of these profiles were sampled
for the lithogenetic analysis, as well as radiocarbon and thermoluminescence
dating. The boulder-sized fraction was not used for laboratory investigations
of the particle-size distribution.

Particle-size distributions were determined by sieving. For sedimentological
interpretation needs, groupings of deposits into clases of the main fractions
were established in accord with PN-54/B-02480. Within the sand-sized fraction,
subdivision was made on the basis of the Pacowska classification (1955).
Sieving was supplemented, where necessary, by Casagrande’s velocity settling
modified by Prészynski.

The results are presented as cumulative frequency curves on logarithmic
probability paper. They serve as a basis for calculating a few typical
statistical size parameters:

(1) the mean particle diameter after Folk and Ward (1957)

@16+ @50+ 984
Mz=

3
(2) the standard deviation of the distribution as above
#84— @16 ¢95— @5
0= +
4 6.6

(3) kurtosis as above
. 995— ¢5
Ko= ————
2.44(075— 925)
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(4) asymmetry index after Friedman (1962)
2, = ($95+ $5)—2 ($50)

(5) sorting index after Rotnicki (1970)
Ps= ¢90— ¢10
(6) clay ratio after Karczewski (1963)

< 0.002 mm
I=

> 0.002 mm

The CaCO3 constants of the deposit have been identified. Particle-size

distributions, the estimated parameters and percentage CaCO; contents are
presented in graphic form as diagrams for a given site. The study of the
degree of abrasion has been abandoned because of indiscernible quartz grain
contents of the deposit.

The resulting geomorphological and geological data are presented on
a 1:20000 scale map based on a hypsometric sheet (Klysz et al. 1987:
under wrapper) due to autogrammetric compilation of the Norwegian air
photos of 1961 at the scale of 1:50000.

Bedrock

In the eastern portion of the study area, the bedrock of the Quaternary
deposits and bottom of the existing glaciers (Ebbabreen, Nordenskitldbreen)
is made up of largely metamorphosed Late Precambrian carbonate rocks and
tillites of the lower part of the Hecla Hoek formation (Hjelle and Lauritzen
1982). In the Nordenskioldbreen region of nunataks granite intrusions are
often encountered in these rocks. They are dated using the K/Ar method
to 420—405 Ma BP (Gayer et al. 1966).

In the centre of the study area rocks of the Hecla Hoek formation
are erosionally truncated and covered with nearly flat-lying Lower Carboni-
ferous clastic rocks at dips of several degrees in a westerly direction. The rocks
contain hard coal intercolations which pass upwards the Upper Carboniferous
and Permian carbonate rocks, sandstones and conglomerates (Hjelle and
Lauritzen 1982). They make up the mountain massives of Wordiekammen,
Hultberget and Levehovden, the top part of De Geerfjellet and the base
of the Pollockbreen where they reach a few hundred metres in thickness.
In the Ebbadalen they are dissected by systems of meridionally oriented
faults, thereby giving rise to numerous gullies on the slopes of the sur-
rounding mountain massives. The faults are associated with a displacement
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system running from Austfjorden through the Piramiden region towards the
western shores of Billefjorden (Harland et al. 1974).

In the western portion of the study area there is a marked increase in
the thickness of the Carboniferous and Permian rocks to about 500 m.
On the west side of Petuniabukta stone coal is- now being mined from
the exposures of the Lower Carboniferous rocks (Pyramiden).

Characteristics of Quaternary landforms and deposits

There is a diversity of the Quaternary landforms and deposits in the
Ebbadalen-Nordenskioldbreen region. The mouth section of Ebbadalen
contains chiefly raised marine terraces which remain as a narrow strip at
the foot of Wordiekammen, along the eastern shores of Petuniabukta and
the northern shores of Adolfbukta. Glacial landforms and deposits occupy
the floor of Ebbadalen and partially, its slopes. They also occur on the
south-facing slope of De Geerfjeilet adjacent to Nordenskioldbreen and in
the valley of Pollockbreen. Slope landforms and deposits prevail on the slopes
of the mountain massifs Hultberget, Wordieckammen and De Geerfjellet.

The study area consists of three distinct units differing in types of the
prevailing deposits and landforms. In Ebbadalen glacial deposits and land-
forms with a great contribution from marine landforms and deposits have
assumed dominance. The immediate foreland of Nordenskitldbreen contains
almost only glacial deposits and landforms, whereas there are only slope
deposits and landforms with the underlying marine deposits in the Wordie-
kammen region (cf. the enclosed map and Figs 11 and 12).

Ebbadalen region

Raised marine terraces of 1—2, 3—4, 58, 12—15, 20—25, 30—35 and
40—45 m as.l. are found in the lower section of Ebbadalen (Pl. 1). Con-
siderable expansion of their belt for as long as 1.3 km in the middle
reaches of the valley, down the Ebbaelva, is indicative of the presence of
a deep sea bay in the past (c¢f. the enclosed map).

The marine terraces are composed of gravels and sands which often
contain mollusc shell fragments. The structure of the terraces of 5—8, 12—15,
30—35 and 40—45 m has been recognized in more detail due to the
existing exposures.

The terrace of 12—15 m a.s.l. found in the gap section of Ebbaelva
has been best studied (exposure A on the map and in Figs 1, 2). The thickness
of marine deposits underlain by a bed of glacial till is 10 m there (Pl. 2,
Fig. 1). The marine series is characterized by a considerably uniform
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Fig. 2. Profile of exposure A in the marine terrace scarp of 12—15 m as.l. in the mouth
section of Ebbaelva. Black dots indicate sites of sampling for particle-size distribution
_analysis. a: lithology — 1: greyish-olive, clayey-silty glacial till with pebbles up to 40 cm
in diameter, mollusc shells and CaCO3 concretions on rock clasts, streaked at the top,
2: gravels 4—5 cm in diameter with lenses and thin intercalations of glacial till, 3: sand-
-containing grey gravels up to 5 cm in diameter, 4: coarse gravels 2—6 cm in diameter with
pebbles up to 10 cm in diameter, 5: grit bits up to 4 mm in diameter with pebbles up to
several cm in diameter, containing sand and sparse mollusc shells at the top, 6: poorly
abraded yellow gravels up to 5 cm in diameter with purple mollusc shell fragments,
7: grey gravel varying in particle size with grit, 8: horizontally streaked grits with admixed
gravels up to 5 cm in diameter, containing fine detritus of purple mollusc shells, 9: gravels
up to 5 cm in diameter with admixed fine detritus of purple and white mollusc shells,
10: gravel-containing grey medium-grained and coarse sand with mollusc shell fragments,
I1: grits with gravels up to 5 cm in diameter, thin intercalations of fine sand, pebbles up
to 10 cm in diameter, mollusc shell fragments, 12: grit with admixed gravels up to 5 cm
in diameter and mollusc shell fragments, 13: horizontally laminated gravel with cobbles up
to 15 cm in diameter, purple and white mollusc shell fragments, 14: grits and gravels up to
1.5 cm diameter, 15: horizontally laminated gravels up to 5 cm in diameter, containing
humus sand streaks and mollusc shells, 16: weathered gravel with numerous humus sand
streaks. b: particle-size distribution. c¢: size parameters — Mz: mean grain diameter.
o: standard deviation, KG: kurtosis, s: asymmetry index, Ps: sorting, I: clay ratio, d: CaCO3
contents
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particle-size distribution. The main grain mass consists of gravels and coarse
sands which, on the average, account for 76,7% of the total deposit with
94,4% at a maximum (Fig. 2). This receives confirmation from the statistical
parameter of the mean grain diameter Mz which has negative values included
in the range of 0.02—0.5 phi. According to Folk and Ward (1957), sorting
of the deposit is poor (@ = 1.0—2.0) or even extremely poor @ = 2.5), as
reported from the surface part of the terrace. This is also reflected in values
of the sorting index Ps within the range of 2.65—6.0.

The sedimentary analysis indicates varying, though generally high CaCO,
contents of the order of 22.0 to 60.8), (Fig. 2). This high degree of satu-
ration of sediments with calcium carbonate should be accounted for by
the marine environment where the sediments were laid down. A high con-
centration of CaCO; may thus be due to the crystallization of evaporites
from sea-water. It may be additionally increased due to the presence of bone
fragments resulting from abrasion and the crushing of mollusc shells (cf.
Gradzinski et al. 1976). This presumption is supported by the fact that
mollusc shell fragments and unbroken shells occur in the terrace deposits.

Glacial till occurring at the base of the terrace deposits (Pl. 2, Fig. 2)
has a different particle-size distribution. Its scatter is on a larger scale.
The concentration of grains is well marked within the fine fraction of particles
smaller than 0.25 mm (Fig. 2). They represent 73,8% of the total deposit,
including 45,9% of the silt- and clay-sized fraction finer than 0.05 mm.
This is indicated by a high positive index Mz of 4.0 phi. Sorting of the
deposit is considerably poorer than that of the terrace cover (© = 3.8,
Ps= 10.95). The clay ratio I that is a weight ratio between the amount of
the colloidal clay fraction and other fractions within a sample is 0.10. The
CaCO; contents are lower than those of the terrace cover, reaching 15.4).

Similar geologic structure of the terrace of 12—15 m a.s.l. has been
found to the north of the Ebbaelava mouth (exposure H on the map and
in Figs 1, 9).

The marine terrace of 5—8 m a.s.l. has been investigated in the mouth
section of Ebbaelva (exposure B on the map and in Figs 1, 3). The thickness
of terrace deposits exceeds 3 m there. They consist of gravels up to 6 cm
in diameter which contain an admixture or intercalations of coarse sand and
fine gravel. No fragments of molluscan shells have been found in the deposits.

Sediments of which the terrace of 40—45 m a.s.l. is built up have been
studied at two sites (C and F on the map and in Figs 1, 4, 7). One site
(C on the map and in Fig. 1) is located at the foot of Wordiekammen
in the southern portion of Ebbadalen. The exposed wall shows a 4.0 m thick
profile of the terrace deposits. At the top the terrace is covered with an about
0.8 m thick bed of glacial till underlain by series of marine deposits, as
viewed macroscopically (Fig. 4). However, the analysis of particle-size distri-
butions shows that an interlayer with size parameters similar to those of till
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Fig. 3. Lithologic profile of exposure B in the marine terrace scarp of 5—8 m asl. in

the mouth section of Ebbaelva. 1: gravels 2—6 cm in diameter with grit and sand, 2: gravel-

containing coarse sand, 3: angular gravels with intercalations of coarse sand and grit, humus-
-streaked silty gravel at the top, e: permafrost top

is present at the depth of 2.0 m. Particles of both the surface till and
clayey interlayer are distributed in all fractions. This is reflected in the
indices & of 3.0—4.4 and Ps of 7.58—11.3 indicative of extremely poor
sorting. A more detailed analysis of the particle-size distribution (Fig. 4)
indicates a certain regular characteristic. There is a marked concentration of
particles in the coarse fraction larger than 0.5 mm (42.2%) on the average).
Thus, the distribution of particle sizes is bimodal. It is regarded as a charac-
teristic of glacial tills (Dreimanis 1969, Dreimanis and Vagners 1971, OI-
szewski and Szupryczynski 1985). The clay ratio I is low and is included
in the range of 0.02—0.05. Thus, it approaches that available for supraglacial
material (I= 0.01) from the terminus of Werenskioldbreen (Karczewski and
Wisniewski 1979). The CaCO; contents are 10 to 229, (Fig. 4). It may be
presumed that the upper till was laid down by a small glacier contained
there in the nearby cirque (see the map). The interlayer falls under clay
flows which took place throughout the formation of a marine terrace series.

The particle-size distribution of marine deposits differs markedly from
that of glacial deposits. The coarse fraction larger than 0.5 mm dominates
the distribution. It represents 71.5 to 82.7%, of the whole grain mass
(Mz= —0.03—0.25 phi). According to Folk and Ward (1957), the sorting
of deposits is poor (6 = 1.4) but it is markedly better than that of morainic
sediments. This receives confirmation from other distribution indices (cf.
Fig. 4). The CaCO; contents vary but are higher than those of morainic
sediments as they are 23.4 and 53.4,.

According to this approach to the two types of sediments under in-
vestigation, i.e. glacial material and a series of marine sands and gravels
of which terrace covers are built up, the percentage CaCO; contents appear
to be one of rather sensitive parameters having differentiating functions.
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Fig. 4. Profile of exposure C in the till-covered marine terrace scarp of 40—45 m as.l
at the north-western foot of Wordiekammen. Black dots indicate sites of sampling for
particle-size distribution analysis

a: lithology — 1: well-scoured grit with gravels up to 5 cm in diameter and abundant mollusc
shell fragments, 2: sand varying in particle size with admixed gravels up to 5 cm in diameter
and abundant molluscan shell fragments, 3: grits and gravels up to 1.5 cm in diameter with
mollusc shell fragments, 4: coarse sand with gravel and pebbles up to 8 cm in diameter
and mollusc shell fragments, 5: well-scoured grits and gravels up to 1.5 cm in diameter
with single large grains and sparse molluscan shell fragments, 6: coarse sand containing
grits and gravels up to 4 cm in diameter and tiny mollusc shell fragments, intercalations
of clasts up to 10 cm in diameter with admixed grits and gravels 2—5 cm in diameter
and single mollusc shells, 7: glacial till with black pebbles of metamorphic rocks, sand—rich
at the base, b: particle-size distribution, c: size parameters, d: CaCO; contents (see Fig. 2)

The base of the terrace of 40—45 m a.s.l. lies somewhat farther northward
at an altitude of about 39 m as.l. close to the axial part of Ebbadalen
(F on the map, Figs 1, 7). It is composed of brownish-grey boulder clay
containing fragments of molluscan shells. The fine fraction dominates the dis-
tribution. It accounts for 67.3% of the deposit, including 11.8); of the
clay-sized fraction (Mz= 3.2). Sorting of the deposit is extremely poor
© = 4.5, Ps= 12.0). Particularly significant are a high clay ratio (I= 0.13)
and concurrent low CaCO3 contents of 4% (cf. Fig. 7).

Marine sands and gravels of which the terrace of 40—45 m a.s.l. is built
up contain single fragments of mollusc shells. The thickness of marine
deposits is about 7 to 8 m. They are covered with grey glacial till transported
by solifluction and solifluction till blanketed with a mantle of aeolian sands.
Numerous sandy intercalations within the solifluction deposits provide evidence
for the annual rate of their accumulation of the order of about 3 cm.

Beneath the scarp of the terrace of 40—45 m a.s.l. occur sands and
gravels of which the terrace of 30—35 m a.s.l. is built up (Fig. 7). Their
thickness exceeds 1 m.














































































