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Abstract: The main relief elements which document the sea level changes on the Kaffiøyra Plain and the Isle of
Hermansenøya, including the sea transgressions, are both abrasive (marine terraces) and accumulative (raised beaches).
Such landforms have been relatively well preserved in the area of Kaffiøyra. However, the issues relating to the number of
such forms and their age remain questionable. They refer to the number of glacial episodes, the extension of the glaciers dur-
ing these periods as well as the limit of the sea transgressions during and after the deglaciation of the NW Spitsbergen during
the Weichselian and Holocene periods.
The first detailed geomorphological research which was conducted in Kaffiøyra and its vicinity and included geomor-
phological mapping, was carried out by Niewiarowski and Sinkiewicz during the Toruń Polar Expeditions to Spitsbergen in
1978 and 1985 (Niewiarowski et al. 1993). The authors listed the exact number and extension of the old marine terraces as
well as the Late Weichselian marine limit. According to these studies, the Kaffiøyra’s marine terraces are of two generations.
The Isle of Hermansenøya, located four km off the Kaffiøyra’s shores, has one generation of former marine terraces. The
maximum Late Weichselian marine limit in Kaffiøyra reached 46–48 m a.s.l., while in Hermansenøya it reached about 33 m
a.s.l. On both the Kaffiøyra Plain and the Isle of Hermansenøya there is evidence of the Holocene sea level changes.
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Introduction

The north western part of Spitsbergen is taken by
the Oscar II Land. It is located to the east of Forlan-
sundet Passage, between Isfjorden to the south and
Kongsfjorden to the north. The main landforms in
this area, besides glaciers and mountain ranges and
massifs, include terraced coastal plains (strandflats).
Kaffiøyra is one of such plains (Fig. 1, Photo 1). It de-
veloped due to an isostatic uplift during Late Glacial
and Holocene. The Kaffiøyra Plain is about 14 km
long and 1.5 to 4 km wide, and is located between
78°42’ N and 78°35’ N. It generally stretches from
NNW to SSE, between the Aavatsmarkbreen Gla-
cier and Hornbaekbukta Bay as well as the
Dahlbreen Glacier and Dahlbrebukta Bay with
Farmsundet Passage. To the west it borders
Forlandsundet Passage, while to the east the moun-
tains from which glaciers flow out: the outlet ones
down to the sea (Aavatsmarkbreen and Dahlbreen),

the Kaffiøyra ones terminating on the plain itself
(Elisebreen and Andreasbreen) as well as the ones of
the Alpine type (Waldemarbreen, Irenebreen,
Agnorbreen, Eivindbreen and Oliverbreen) which
terminate in the valleys within the mountain massifs.
The Kaffiøyra Plain, together with the surrounding
mountain chains and valley glaciers with their mar-
ginal zones, takes up slightly over 100 km². To the
south of Kaffiøyra, 4 km south of Cape Snippen, the
Isle of Hermansenøya is located. It is a small ter-
raced island of 2.7 km2 and the maximum height of
39 m a.s.l. (Photo 2).

The isostatically uplifted beaches and abrasive
marine terraces of both the Kaffiøyra Plain and the
Isle of Hermansenøya are relatively well preserved.
Their amount and age, however, are still under dis-
cussion. The questioned issues refer to the number
of glacial episodes, the extensions of glaciers during
those episodes as well as the limits of marine trans-
gressions during and after the deglaciation of the



NW Spitsbergen in the Weichselian and Holocene
periods (incl. Boulton 1979, Forman 1989, Forman
et al. 2004, Niewiarowski et al. 1993, Landvik at al.
1998). The first general research on the marine ter-
races of the Kaffiøyra Plain was conducted in 1938 by
Klimaszewski (1960) during the first Polish Glacio-
logical Expedition to Spitsbergen. The studies in-

cluded the area located along the west coast of Spits-
bergen between Kongsfjorden and Eidembukta.
Since 1975 physiogeography, including geomorphol-
ogy, of the Kaffiøyra Plain and its vicinity have been
studied by the Toruń Polar Expeditions based on the
research station purposely built by the University of
Nicolaus Copernicus in Toruń.

The first thorough geomorphological studies,
which included geomorphological mapping, of the
Kaffiøyra Plain and its nearest surroundings were
conducted in 1978 and 1985 by Niewiarowski and
Sinkiewicz (Niewiarowski 1982, Sinkiewicz 1982,
Niewiarowski et al. 1993). As a result, a detailed
geomorphological map of the Kaffiøyra Plain and its
vicinity at the scale of 1:30 000 was made (Niewia-
rowski & Sinkiewicz 1993). It was based on field re-
search, aerial photographs and numerous geodetic
measurements. The topographic map of this area at
the scale of 1:25 000 was made by Lankauf (2002). It
was party based on the earlier measurements of
Zapolski (1977a, b) as well as the author’s own mea-
surements (incl. Lankauf 1982).

Marine terraces and their age

The main relief elements which register the
changes in the sea level, including marine transgres-
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Fig. 1. Location of Kaffiøyra and Hermansenøya

Phot. 1. The southern part of Kaffiøyra with the marine terraces; the Andreasbreen Glacier and its marginal zone at the dis-
tance (Photo M. Grześ)



sions, are both abrasive (marine terraces) and accu-
mulative (raised beaches). It is possible to distin-
guish relatively well preserved forms of the old
coastal zones, which include former cliffs, abrasion
platforms, beach ridges and former lagoons, as well
as deposits, such as sublittoral, littoral and beach
ones with marine molluscan shells. Marine terraces,
former abrasion platforms, are being gradually de-
graded by both denudation (levelled and gentle
scarps) and erosive processes (valleys of proglacial
rivers as well as meltwater and niveofluvial valleys).
Thus, the level of degradation of these relic forms is
a result of the passing time. As a result, the youngest
coastal forms, which are generally located at lower
levels, are in most cases best preserved.

The first data on raised marine terraces of the
Kaffiøyra Plain are found in the dissertation by Kli-
maszewski (1960). He delimited five levels of marine
terraces (either accumulative or erosive) at the alti-
tudes of 10–12 m, 14–15 m, 23 m, 37–40 m and 50–55
m a.s.l. However, this delimitation was based on only
two simplified hypsometric profiles, conducted in
the northern and southern parts of the plain. As a re-
sult, they do not reflect the actual situation in those
terms. It is also important to consider the outcomes
of Forman’s research (1989, 1990). Besides terraces
and raised beaches of Late Weichselian origin for
which he did not give the number and limits, he also

delimited two earlier terraces at the altitudes from
about 46 m to about 60 m a.s.l. Forman dated them
as pre-Late Weichselian forms.

Further thorough research accompanied by geo-
morphological mapping was conducted by Niewia-
rowski and Sinkiewicz (1993). The authors gave an
exact number and limits of the former marine ter-
races as well as the maximum Late Weichselian ma-
rine limit. In accordance with these studies, the
Kaffiøyra Plain has sections of 12 marine terraces at
the altitudes of 4–6 m, 7–9 m, 10–12 m, 12–14 m,
18–19 m, 22–24, 26–29 m, 30–33 m, 37–40 m, 42–46
m, 52–58 m and 62–65 m a.s.l. (Fig. 2). On the Isle of
Hermansenøya, located about four km off the
Kaffiøyra’s south shore, Sinkiewicz delimited five
marine terraces at the altitudes of 4–6 m, 7–9 m,
10–12 m, 15–17 m and 21–24 m a.s.l. (Niewiarowski
et al., 1993). Additionally, Forman (1989) delimited
one higher level of marine terrace at the altitude of
about 33 m a.s.l. It must be stressed that the maxi-
mum altitude of the Isle of Hermansenøya is only 39
m a.s.l., and its surface is flat and devoid of beach de-
posits. The thorough analyses of both topographic
maps and aerial photographs indicate the existence
of two more flattened areas found on the mountain
sloped bordering with the Kaffiøyra Plain, such as
the one on the side of the ridge which separates the
Elisebreen Glacier from the Eivindbreen Glacier,
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Phot. 2. Isle of Hermansenøya as seen from the Kaffiøyra Plain. In the foreground there is the marginal zone of the
Andreasbreen Glacier; rocky Cape Snippen at the distance (Photo M. Król)



found at the altitude of about 160 m and 110 m a.s.l.
Their genesis, however, has not been completely ex-
plained. It is supposed that the level 110 m a.s.l.
might be concordant with the level 120 m a.s.l. of the
Sarsøyra Plain located to the north of the Kaffiøyra
Plain. There beach deposits were recorded (Klima-
szewski 1960, Moign 1974, Forman 1990). A distinct
flattened area is also found on the slope of Gråf-
jellet, which separates the Waldemarbreen Glacier
from the Irenebreen Glacier. These might be struc-
tural flatnesses or pediments. Another distinct flat
level exists at the altitude of 110 m a.s.l. on the slope
of Prins Heinrichfjella which borders the Aavats-
markbreen Glacier from the south. This level lacks
beach deposits.

In Holocene some marine terraces and raised
beaches were partly damaged and covered with
forms and deposits of the transgressing glaciers. First
time such a situation took possibly place during the
glacial episode at about 3.0–2.5 ka BP and the second
time during the Little Ice Age. The oldest Pleisto-
cene deposits on the Kaffiøyra Plain which have
been recorded so far are located in the sea cliff in its
southern end (Niewiarowski et al. 1993). These are
glacio-marine deposits represented by the stratified
dark grey clays and grey silts with marine molluscan
shells and the admixture of organic matter. They are
interbedded with sandy-gravel deposits with a large
amount of pebbles and boulders which originated
from melting icebergs. These deposits are well over
five m thick. They are sheared and covered discor-
dantly by beach gravels from the end of Late Weich-
selian or from the beginning of Holocene. In accor-
dance with the results of the radiocarbon dating, the
age of the organic matter is over 35 ka BP (Nie-
wiarowski et al. 1993). Boulton (1979) observed simi-

lar glacio-marine deposits in the cliff of the Sarsøyra
Plain, where the molluscs Mya truncata were dated
to over 34 ka BP. On this basis he concludes that the
underlying till originated during the Middle Weich-
selian glacial episode (glaciation). Similarly devel-
oped glacio-marine deposits, found in the push-end
moraine of the Elisebreen Glacier and described by
Olszewski (1977), might have originated at the same
time. The moraine itself developed during the Little
Ice Age and today is located on a marine terrace at
the altitude of 10–13 m and 14–15 m a.s.l.

Due to relative scarcity of the data on Pleistocene
deposits on marine terraces, including absolute dat-
ing, as well as on the limits of Weichselian marine
transgressions related directly to the Kaffiøyra Plain,
there is a need to review the neighbouring areas in
those terms. Such areas mainly include the Brøgger-
halvøya Peninsula, about 20–30 km to the north, as
well as the Isle of Prins Karls Forland, which is lo-
cated about 15–20 km to the west of the Kaffiøyra
Plain, as much more information is available for
them (incl. Andersson 2000, Andersson et al. 1999,
2000, Bergsten et al. 1998, Forman 1989, 1990, For-
man & Miller 1984, Forman et al. 1987, Landvik et
al. 1998, Miller et al. 1989, Salvigsen 1984).

Forman and Miller (1984) described a complex of
isostatically uplifted beaches of the Brøggerhalvøya
Peninsula. They correlated the highest marine de-
posits from 55 to 80 m a.s.l. with the so called episode
C (130–290 ka BP), the series found at 44–55 m a.s.l.
with the episode B (60–160 ka BP), while the ter-
races below 44 m a.s.l. with the last 12 ka BP, i.e. with
the episode A. The Kaffiøyra Plain lacks the deposits
which would suggest the existence of marine terraces
connected with the episode C. It is possible, though,
that the marine terrace at 120 m a.s.l. on the Sarsøyra
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Fig. 2. Synthetic hypsographical section across Kaffiøyra (after Niewiarowski et al. 1993).
1 – beach ridges, 2 – former and recent lagoons, 3 – sea, 4 – altitude of raised marine beaches in metres a.s.l., 5 – sampling sites to radio-
carbon datings, 6 – radiocarbon dates, 7 –  Late Weichselian marine limit



Plain described by Klimaszewski (1960) and the flat-
tened surfaces found at the mountain slopes neigh-
bouring the Kaffiøyra Plain are related to one of the
above episodes.

The highest marine terraces and raised beaches
of the Kaffiøyra Plain are located at 52–58 m and
62–65 m a.s.l. The best preserved terraces are lo-
cated at the foot of Prins Heinrichfjella near the
end-lateral moraines of the Aavatsmarkbreen Gla-
cier, which originated during the Little Ice Age.
There is an accumulative coastal platform there,
about 80 m wide, which contains beach ridges at
58–64 m a.s.l. Along its entire length the platform is
cut by niveofluvial valleys. The platform is built of at
least six-meter series of sands and gravels with sea
pebbles up to 10 cm and marine molluscan shells
(Niewiarowski et al. 1993). These deposits are dis-
cordant with the underlying Palaeogenic conglomer-
ates.

In accordance with the outcomes of the soil re-
search conducted on the Brøggerhalvøya Peninsula
(Forman & Miller 1984), on the Isle of Prins Karls
Forland (Andersson et al. 1999, 2000) and on the
Kaffiøyra Plain (Plichta 1993), it can be concluded
that the highest former marine terraces, i.e. those at
52–58 m and 62–65 m a.s.l., are connected with the
deglaciation, marine transgression and glacio-iso-
static uplift after the glacial episode B of Early
Weichselian (about 70 ka BP). As Plichta (1993) ob-
served, below the 40-cm thick horizon B of the Gelic
Cambisols, at the bottom parts of the larger gravel
grains found at the depth of about 50 cm there were
continuous carbonate coats. They are typical for the
episode B soils of the Brøggerhalvøya Peninsula,
where they are found at 44–55 m a.s.l. They are not
recorded, however, under the same genetic layer of
the soils developed on beach deposits located at
lower altitudes. Higher location of the beach depos-
its on the Kaffiøyra Plain is the result of its more in-
tensive (by a few meters) glacio-isostatic uplift in re-
lation to the Brøggerhalvøya Peninsula (Lehman &
Forman 1987, Forman 1989, Landvik et al. 1998,
Forman & Ingólfsson 2000, Forman et al. 2004).
Similar conclusions can be drawn from the geomor-
phological and pedological research conducted on
the Isle of Prins Karls Forland, where similar interre-
lations were found out (Andersson et al. 1999, 2000).

The origin of the marine terraces below 50 m a.s.l.
are connected with the last Late Weichselian glaci-
ation and the marine transgression and regression.
However, the proper dating of these events has yet to
be established. Most researchers agree that the re-
cession of the Late Weichselian glaciation took place
at 13–12 ka BP (Mangerud et al. 1987, 1998, Forman
1989, Hequette & Ruiz 1989, Niewiarowski et al.
1993, Landvik et al. 1998). The deglaciation was con-
nected with the marine transgression as well as
glacio-isostatic uplifting and the marine regression

from the maximum Late Weichselian limit. On the
Kaffiøyra Plain the limit of this maximum marine
limit is visible at 46–48 m a.s.l. (Forman 1989,
Niewiarowski et al. 1993). It is 2.5–3.0 km from the
present sea shore. In the neighbouring areas the
Late Weichselian marine limit is about 45 m a.s.l. on
the Brøggerhalvøya Peninsula (Forman et al. 1987),
while in the central part of the Isle of Prins Karls
Forland (the surroundings of Poolepynten), i.e. di-
rectly to the west of the Kaffiøyra Plain, it is about 36
m a.s.l. There are well preserved former beach
ridges, lagoons and sea cliffs below that level on the
Kaffiøyra Plain. The soils developed on the coastal
forms have typical features for the episode A, includ-
ing the B horizon of less than 35 cm and lack of con-
tinuous carbonate covers on the bottom sides of
larger gravel grains (Plichta 1993). Below the Late
Weichselian marine limit there are fragments of
about ten marine terraces and raised beaches which
document the sea regression. They are found at the
levels of 46–42, 40–37, 33–30, 29–26, 24–22, 19–18,
14–12, 12–10, 9–7 and 6–4 m a.s.l. The highest dated
level (33–30 m a.s.l.) comes from about 11 ka BP
(Niewiarowski et al. 1993). Radiocarbon dates (incl.
the shells of Mya truncata, Hiatella sp., Mytilus edulis)
of the other levels indicate the age of 11–9 ka BP
(Goslar & Pazdur 1985, Niewiarowski et al. 1993).
Thus, at those times an average isostatic uplift was
about 2 m/100 years and made up around 3/4 of the
total uplift that took place during the entire Weich-
selian period. That value is concordant with the mo-
dels presented by Landvik et al. (1998), Forman and
Ingólfsson (2000) as well as Siegert and Dowdeswell
(2004). In accordance with Niewiarowski et al.
(1993) the deglaciation and maximum sea transgres-
sion onto the Kaffiøyra Plain took place at about
12–11.5 ka BP, while the levels from 46 m to 4 m a.s.l.
developed at about 11.5–9 ka BP.

The fact that theses terraces were preserved indi-
cates, that the Middle and Late Weichselian glacia-
tions did not cover the entire Kaffiøyra Plain. Simi-
larly to the Brøggerhalvøya Peninsula and the Isle of
Prins Karls Forland, they had, in fact, a rather re-
gional range. However, there do exist controversies
around the character and maximum limit of the Late
Weichselian glaciations (see Forman 1989, Niewia-
rowski et al. 1993, Andersson et al. 2000 and Lehman
& Forman 1992, Landvik et al. 1998, Landvik et al.
2005).

It should be pointed out that at the depth of 2 to
10 m under sea level off the coastal zone of the
Kaffiøyra Plain there is a wide underwater abrasive
platform (Niewiarowski & Myzyk 1983). The part
which borders the Kaffiøyra Plain from the south-
west is about 2.5 km wide. It submerged after 9 ka BP
due to the glacio-eustatic rise of the sea level in this
area, which then reached the lowest level throughout
Holocene (about 10–15 m below the modern sea
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level – Héquette & Ruiz 1989) as well as the sea
transgression which followed.

The Kaffiøyra Plain witnessed two glacial epi-
sodes in Holocene. The earlier one, in 3.0–2.5 ka BP,
left small crescents of 3-4 m high end moraines at the
foreground of the Elisebreen Glacier (Olszewski
1977) and the Aavatsmarkbreen Glacier (Niewia-
rowski 1982), outside of the marginal zones of the
last episode. They are located on the marine terraces
of 13 m and 10–12 m a.s.l. dated to be over 10.5 ka
BP. The younger glacial episode, called the Little Ice
Age (17th–19th c.), left very clear forms and deposits
connected with the glacial advances as well as the fol-
lowing recessions in the 20th and the 21st c. However,
no glacio-isostatic terrain lowerings and subsequent
sea transgressions were connected with these glacial
episodes.

Both on terraces and former marine beaches
there is a variety of periglacial landforms and struc-
tures due to cryogenic processes, especially multi-
gelation and all the phenomena related to it (Kli-
maszewski 1960, Niewiarowski & Sinkiewicz 1988,
Plichta 1993). Stone polygons and circles as well as
sorted and non-sorted nets have developed on the
surfaces of the former lagoons. Landforms devel-
oped on the beach ridges and former abrasive plat-
forms, which are built of the deposits containing
less clay material, are dominated by ice-wedges

polygons of various sizes. Boulder stripes and flat
solifluction tongues are found on the sloping areas,
while vegetative hummocks have developed within
the former beach ridges or waterlogged flat areas.
Furthermore, small earth hummocks are found
within the ice-wedges polygons. On the surfaces of
the youngest raised lagoons (up to 14 m a.s.l.),
within which local peat bog has developed, frost
peat mounds have originated (Niewiarowski & Sin-
kiewicz 1988) (Phot. 3).

Presently the coast of the Kaffiøyra Plain is sha-
ped at the glacio-isostatic equilibrium and the sta-
bilisation of the sea level as well as permafrost on the
land and the long periods of the frozen sea. How-
ever, the shores of the sea bays which have been un-
dergoing the process of deglaciation since the begin-
ning of the 20th c. due to the regression of the
Aavatsmarkbreen Glacier (Hornbaekbukta Bay)
and the Dahlbreen Glacier (Dahlbrebukta Bay) are
still unstable and prone to changes.

The Isle of Hermansenøya (Phots 2, 4), located
off shore of the Kaffiøyra Plain, has five or six vari-
ously preserved marine terraces and raised beaches
of 4–6 m, 7–9 m, 10–12 m, 15–17 m and 21–24 m a.s.l.
(Niewiarowski et al. 1993) and possibly of about 33 m
a.s.l. Their number is probably limited by the rela-
tively low total height of the island, which is maxi-
mum 39 m a.s.l. On the other hand, on the basis of
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Phot. 3. Former lagoon of about 14 m a.s.l. in the southern part of the Kaffiøyra Plain. Peat bog with some frost peat mounds
has developed here (Photo T. Jaworski)



the general research results Forman (1989) delim-
ited the Late Weichselian marine limit at about 33 m
a.s.l. Thus, the former sea terraces preserved here
represent the youngest Late Weichselian genera-
tion. Similarly to the Kaffiøyra Plain, the Isle of
Hermansenøya is surrounded by the submerged
abrasive platform at the average depth of about 7 m.
It is best developed from the NE side of the island,
where it reaches over 0.5 km width.

The fact that the Late Weichselian marine ter-
races have been preserved on the Isle of Herman-
senøya proves that it was neither covered with ice
during the glacial episode of 3.0–2.5 ka BP nor dur-
ing the Little Ice Age (Forman 1989, Niewiarowski
et al. 1993). Such a conclusion can also be drawn
from the subaqueous relief of the island’s surround-
ings (Król et al. 2010), as well as the layers of fossil
peat aged about 8 ka BP which are found in the for-
mer lagoon in the southern part of the island.

On both the Kaffiøyra Plain and the Isle of Her-
mansenøya there is evidence of the Holocene sea
level changes. In the southern part of the Isle of
Hermansenøya the Middle Holocene marine trans-
gression is reflected by about 10-cm laver of grey or-
ganic silts developed on the peat bog in the former
lagoon and aged about 6.5–5.8 ka BP. These deposits
are presently found at the altitude of about 3.0–3.5 m
a.s.l. between the layers of fossil peat of different

ages. The evidence of the marine transgression at
about 6 ka BP in the southern part of the Kaffiøyra
Plain is found in the cliff of the marine terrace of
about 6 m a.s.l. (Forman 1990). In the cliff, at about
four m a.s.l., there is an Early Holocene fossil soil
covered with a two-meter layer of beach sands and
gravels. A higher sea level in this area (Herman-
senøya) was also recorded at 2.0–1.0 ka BP. This is
proved by the layers of beach sands and gravels of 0.5
m thickness, which overlie a layer of brown peat at
about 2.0–2.5 m a.s.l., the thickness of about 30 cm
and the age of 2.0–1.5 ka BP (Phot. 5). Similar evi-
dence is found in the southern part of the Isle of
Prins Karls Forland (Andersson 2000).

Conclusions

Kaffiøyra is a terraced coastal plain (strandflat)
with two generations of marine terraces:
– pre-Late Weichselian at 52–58 m and 62–65 m

a.s.l.;
– Late Weichselian at 4–6 m, 7–9 m, 10–12 m,

12–14 m, 18–19 m, (22–24?), 26–29 m, 30–33 m,
37–40 m and 42–46 m a.s.l.
The Isle of Hermansenøya, located four km south

off the Kaffiøyra Plain, has one generation of former
marine terraces at 4–6 m, 7–9 m, 10–12 m, 15–17 m
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Phot. 4. South western part of the Isle of Hermansenøya – a former lagoon of about 3–4 m a.s.l. with developed peat bog. In
the background there is a marine terrace of 6 m a.s.l. and the Dahlbreen Glacier terminating in the sea (Photo T. Jaworski)



and 21–24 m a.s.l., as well as possibly one more at
about 33 m a.s.l.

The Late Weichselian marine limit on the Ka-
ffiøyra Plain was at 46–48 m a.s.l., while on the Isle of
Hermansenøya at about 33 m a.s.l. Both the Ka-
ffiøyra Plain and the Isle of Hermansenøya have evi-
dence of the Holocene marine transgressions at
about 6.5–5.7 ka BP and 2.0–1.0 ka BP, which
reached up to 2–3 m.
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