Middle and Late Weichselian stratigraphy in shallow
drillings from the southwestern Barents Sea:
foraminiferal, amino acid and radiocarbon evidence
MORTEN HALD, JOAR SÆTTEM & ELLINOR NESSE

Hald, M. , Sættem, J. & Nesse, E.: Middle and Late Weichselian stratigraphy in shallow drillings from
the southwestem Barents Sea: foraminiferal, amino acid and radiocarbon evidence. Norsk Geologisk
Tidsskrift, Vol. 70, pp. 241-257. Oslo 1990. ISSN 0029-196X.
Based on investigations of sediment samples from 13 shallow drillings, we reconstruct palaeoenvironments
and age relations of the upper glacigenic sequence in the southwestern Barents Sea. The benthic
foraminiferal fauna reflects primarily a polar shelf environment. Radiocarbon age estimates of macro
fossil fragments and amino acid measurements on foraminifera indicate a late Middle Weichselian to
early Late Weichselian age. This implies rapid sediment accumulation rates, probably in a dynamic
glaciomarine/glacial regime in which the reworking of sediments and foraminifera was important.
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High latitude, shallow, epicontinental seas like
the Barents Sea (Fig. l) are sensitive to the cli
matic and environmental changes which have
occurred during the Quatemary. Previous recon
structions of Quaternary palaeoenvironments
prior to the last deglaciation are based mainly on
seismic data. We have studied sediment samples
from 13 shallow drillings in the southwestern Bar
ents Sea penetrating glacigenic sediments down
to about 100 m below the sea fioor. In this paper
we present the foraminiferal stratigraphy, amino
acid measurements on foraminifera and radiocar
bon age estimates on macrofossil fragments from
these sediments. Our aim is to reconstruct the
sedimentary palaeoenvironments and determine
their age and to discuss the regional glacial history
of this area.
During the last few decades, the study of the
Barents Sea foraminiferal stratigraphy has proved
to be a useful tool for reconstructing palaeo
environments during the last deglaciation (Late
Weichselian) and present interglacial (Holocene)
(Østby & Nagy 1981; Elverhøi & Bomstad 1980;
Hald et al. 1989; Hald et al. in print). These
studies clearly demonstrate the existence of dis
tinctive glaciomarine foraminiferal assemblages
during the late Quaternary, and that carbonate
dissolution is a characteristic process operating
both during the last deglaciation and at present

in the southwestern Barents Sea (Hald et al. 1989,
in print).

Physiographic setting

The Barents Sea is an arctic, epicontinental sea
(Fig. l) bounded by a Tertiary sheared and rifted
margin to the west (Eldholm et al. 1984). After
the early Tertiary opening of the Norwegian Sea,
sediment transport bypassed the intra-cratonic
basins and depocentres were established on the
continental margin (Spencer et al. 1984). Up to 7
seconds (two-way travel time) of sediments
accumulated in the clastic wedge (Egga Basin) on
the continental margin (Faleide et al. 1984).
The bathymetry of the southwestern Barents
Sea is characterized by a broad east-west channel,
Bjørnøyrenna (the Bear Island Trough), reaching
a depth of 500 m. To the north and south are
banks as well as troughs. In the southern Barents
Sea, the Ingøydjupet trough, exceeding 400 m
depth, separates the relatively deep bank areas of
Tromsøyfiaket and Nordkappbanken (100-300 m
depth). Southeast of Nordkappbanken the
trough, Djuprenna, exceeding 400 m, parallels
the Norwegian coast. The continental slope to the
west is dominated by the fan in front of the
Bjørnøyrenna (Fig. 1).
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Three water masses dominate the Barents Sea
(Fig. 2): Coastal water, Atlantic water and Arctic
water. Atlantic water dorninates the bottom water
in the southem Barents Sea, while north of 74°N
Arctic water dominates the bottom water. The
Barents Sea functions as a transit area for water
exchange between the Norwegian Sea and the
Arctic Ocean.
The southem and western reaches of the Bar
ents Sea are fed by relatively warm and saline
Atlantic water (the North Cape Current and the
West Spitsbergen Current). In the southern and
western parts of the study area, Atlantic water
fills most of the water column. Bottom water
temperatures are between + 7 and -2oc and are
fairly stable year round. There is a general tem
perature decrease and increasing dominance of
Arctic water both northward and eastward in the
Barents Sea. The surface water temperatures vary
seasonally and reach a maximum dose to l2°C
towards the Norwegian coast during summer
(data from the Norwegian Oceanographic Data
Centre).
The oceanic polar front, located dose to the
transition between Arctic and Mixed Atlantic and
Arctic Water (Fig. 2), is marked by an increase
in the concentration of nutrients, causing a peak
in the production of planktic biomass (Wright
1974). Sea ice is formed in the northern and
eastern parts of the Barents Sea, reaching its
maximum extent in March and April when the
pack ice extends south to 74°N (Vinje 1977;
Midttun & Loeng 1987). The formation of dense
bottom water is linked to this sea ice formation
(Midttun 1985).

The upper glacigenic sequence

On the Barents Sea continental shelf there is an
upper, horizontal, glacigenic sequence which is
separated from underlying, variously dipping,
stratified sedimentary rocks by an upper regional
unconforrnity (URU) (Bugge & Rokoengen 1976;
Elverhøi & Solheim 1983; Vorren et al. 1986).
This glacigenic sequence is termed the 'Barents
Sea Synthem' (Vorren et al. 1989) and has a
complex and discontinuous seismic reftection
character (Solheim & Kristoffersen 1984; Vorren
et al. 1986; 1989). The morphology of the URU
typically shows over-deepened, glacially eroded
troughs. It was probably initiated during the (mid)
Oligocene as a ftuvial surface, subsequently modi-
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fied by glacial action during the Plio/Pleistocene
(Vorren et al. 1986).
This upper sedimentary glacigenic sequence
can be divided into several seismic units of varying
thicknesses (Rokoengen et al. 1979; Solheim &
Kristoffersen 1984; Sættem & Hamborg 1987;
Vorren et al. 1989). The thickest sediment
sequence occurs at the continental margin and is
between 900 and 1000 milliseconds (ms) thick
(900--1000 m assuming a velocity of 2000 m/s in
the sediments ) (Vorren et al. 1989). On the shelf
proper, the thickness varies between O and about
300 m. In general the sediment thicknesses in the
northwestern Barents Sea are much less (Solheim
& Kristoffersen 1984).
The lithology of the sediments is dominated by
diamictons frequently with fissility structures. The
sediments are of glacigenic origin, but it is difficult
to distinguish a specific glacigenic genesis, e.g.
between subglacially derived tills and glacio
marine sediments.

Materials and methods

We have analysed sediment samples of the upper
glacigenic unit in the southwestern Barents Sea
from 13 shallow drillings sampled by the Con
tinental Shelf and Petroleum Technology
Research Institute (Fig. l, Table 1). The sediment
samples were taken at 5 to 10 m intervals on
each borehole. The present study will address
the benthic foraminiferal stratigraphy, amino acid
geochronology and radiocarbon age estimate. A
separate paper will discuss the lithology of these
shallow drillings (Vorren et al. in prep.).
A total of 131 sediment samples were prepared
for foraminiferal analyses according to a pro
cedure slightly modified from Feyling-Hanssen
(1964) and Meldgaard & Knudsen (1979). Large
samples (mostly above 200 g dry weight) were
needed due to low foraminiferal content in the
sediments.
In 73 of the samples, approximately 300 for
aminiferal specimens were identified and
counted. The 'diversity' parameter is used in
accordance with Walton (1964). Percentages of
planktic foraminifera were calculated from total
(benthic + planktic) foraminifera. However,
some of the samples contained few foraminifera.
Thus in 24 samples, only between 100 and 200
individuals were found and in 34 of the samples
less than 100 individuals occurred. The statistical
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Table l. Position, water depth, number of sediment samples, total sample Iength, total sediment thickness and sea-bed temperatures
for the investigated shallow drillings in the southwestern Barents Sea. For core location, see Fig. l. Total sediment thickness is
measured from above the upper regional unconformity. Sea-bed termperatues are mean annua) temperatures extrapolated from
measurements carried out for heat ftow purposes in the boreholes (Zielinski et al. 1986; Sættem 1988). They have an accuracy
better than 1/lO"C.

Site
712t'V06-U-Ol
7317/02-U-01
7425/09-U-01
7323/07-U-10
7222/09-u -01
Dia 84-2
Dia 84-5
7227/8-U-1
7227/8-U-2
7227/7-U-1
2727/7-U-lB
7120/6-U-1
7120/6-U-lB

Latitude
(N)

Longitude
(E)

Water
depth
(m)

71°38'49.8"
73°49'10.9"
74"29'25.3"
73°16'51.5"
72"24' 19.7"
73°16'45.7"
73°19'05.6"
72°19'08.9''
72°19'01.8"
72°25'34.7"
72"25'35"
71°37'12.1"
71°37'12.1"

26°52'43.3"
17"22'04.5"
25°46'19.3"
23°01'25.8"
22°47'39.8"
23°09'29.6"
23°16'21.5"
27°33'21.3"
27°33'57.3"
27°00'31.8"
27"00'31.8"
20"56'30.1"
20"56'30.1"

369
297
335
420
423
418
421
277
280
279
278
315
315

uncertainties of these samples is considered when
discussing the foraminiferal stratigraphy.
A total of 38 amino acid analyses were carried
out (Table 5) using approximately 100 individuals
of the benthic foraminifer Elphidium excavatum
forma clavata (and about 30 for Cibicides loba
tulus) for each measurement. The degree of iso
leucine epimerization, given as a ratio between
D-alloisoleucine and L-isoleucine (alle/Ile), was
calculated based on peak heights measured from
chromatograms. The samples were prepared
according to Sejrup et al. (1987} and processed
on an automated High Pressure Liquid Chroma
tography (HPLC} ion-exchange amino acid ana
lyser.
Foraminiferal results

A total of 111 benthic foraminiferal taxa were
registered (Table 2} of which 86 were identified
to species level and 26 to genus level only. Of the
13 investigated sites, we selected three to illustrate
the main stratigraphic trends showing the fre
quency variation versus sediment depth for the

No. of
samples
lO

8
11
16
12
8
8
2
4
4
7
2
6

Sum
samples
length
(m)

Total
sedim.
thickness
(m)

Seabed
temp.
("C)

7.71
3.10
7.3
7.54
9.13
3.63
2.62
0.68
6.45
2.55
4.36
1.26
2.69

37.8
45.7
49.9
97.1
102
73.8
95
30
37.2
95
95
50
50

3.7
1.7
1.4
1.8
3.7
1.8
1.8
3.7
3.7
3.7
3.7
3.9
3.9

most important taxa (Figs. 3-5). Commonly, the
foraminiferal content is very low, mostly less than
10 individuals per gram of bulk dry sediment. The
preservation state of the foraminifera is generally
rather poor. Many of the tests are etched and/
or fractured. Scanning electron microscopy has
shown evidence of chemical dissolution of calcium
carbonate. Fractures in the test are probably due
to weakening by carbonate etching. As some of
the etched/fractured specimens may be difficult
to identify, the degree of this test destruction is
indicated by the parameters '% un-identified (in
det.)' and '% Elphidium spp.'. The number of
benthic foraminiferal species is high, frequently
about 20 species or more, but there are usually
below 10 in the samples with few foraminifera.
Most of the variance in the countings is explained
by the 21 taxa listed in Table 3.
All of the samples contain planktic foraminifera
(2-35% of the total foraminiferal content). The
planktic fauna has not been systematically identi
fied, but our general impression is that it is mainly
a monospecific Neogloboquadrina pachyderma
(Ehrenberg) (sinistrally coiled) assemblage.

2. Map showing the surface waters in the Norwegian Sea and adjoining seas; modified from Mosby (1968). (l) Arctic water,
(2) mixing water, (3) Atlantic water (water in the Norwegian Current), (4) coastal, Baltie, and North Sea water (water in the
Norwegian Coastal Current), (5) surface currents, (6) sea-ice border, April. S =the West Spitsbergen Current, N =the Nordkapp
Current.
Fig.

NORSK GEOLOGISK TIDSSKRIFT 70 (1990)

246 M. Hald et al.
Table 2.

Benthic foraminiferal taxa identified in the shallow drillings in the southwestern Barents Sea.

Loeblich & Tappan
spp.
Bolivina aff. decu.ssata Brady
Bolivina spathulata (Williamson)
Bolivina spp.
Bolivina subspinescens Cushman
Buccella frigida (Cushman)
Buccella spp.
Buccella tennerrima (Bandy)
Bulimina marginata d'Orbigny
Bulimina spp.
Cassidulina laevigata d'Orbigny
Cassidulina obtu.sa Williamson
Cassidulina reniforme (Nørvang)
Cassidulina spp.
Cassidulina teretis Tappan
Cassidulinoides bradyi (Norman)
Cibicides bertheloti (d'Orbigny)
Cibicides lobatulu.s (Walker & Jacob)
Cibicides refulgens Montfort
Cibicides spp.
Cyclogyra involvens (Reuss)
Dentalina baggi Galloway & Wissler
Dentalina frobisherensis Loeblich & Tappan
Dentalina ittai Loeblich & Tappan
Dentalina spp.
Dentalina subsoluta (Cushman)
Eggerella spp.
Elphidiella arctica (Parker & Jones)
Elphidium a/biumbilicatum (Weiss)
Elphidium asklundi Brotzen
Elphidium bartletti Cushman
Elphidium excavatum (Terqvem) (mainly f. clavata) Cushman
Elphidium groenlandicum Cushman
Elphidium incertum (Williamson)
Elphidium spp.
Elphidium subarcticum Cushman
Elphidium williamsoni Haynes
Epistominella nipponica Kuwano
Epistominella spp.
Eponides spp.
Fissurina danica Madsen
Fissurina laevigata Reuss
Fissurina marginata (Montagu)
Fissurina orbignyana Sequenza
Fissurina spp.
Gavelinopsis praegeri (Heron-Allen & Earland)
G/obobulimina auricu/ata (Balley) arctica Høglund
Globobulimina spp.
Globulina inaequalis Reuss
Guttulina glacialis (Cushman & Ozawa)
Guttulina /actea (Walker & Jacob)
Guttulina spp.
Gyroidina neoso/danii Brotzen
Hyalinea balthica (Schroeter)
lslandiella helenae Feyling-Hanssen & Buzas

Astronion gallowayi

lslandiella islandica

Astronion

Jslandiella norcrossi

Total:

Js/andiella

(Norvang)
(Cushman)

spp.

Williamson
Cushman
Lagena semimarginata Reuss
Lagena spp.
Lagena striata (d'Orbigny)
Lenticulina cf. angulata (Reuss)
Lenticu/ina spp.
Miliolinella subrotunda (Montagu)
Nodosaria spp.
Nonion barleeanum (Williamson)
Nonion grate/oupi (d'Orbigny)
Nonion /abradoricum (Dawson)
Nonion spp.
Nonionella auricula Heron-AIIen & Earland
Oolina acu.sticosta (Reuss)
Oolina globosa (Montagu)
Oolina hexagona (Williamson)
Oolina lineata (Williamson)
Oolina lineata - punctata (Heron-Allen & Earland)
Oolina mela d'Orbigny
Oolina spp.
Oolina squamosa (Montagu)
Pseudopolymorphina spp.
Protelphidium orbicu/are (Brady)
Pullenia bulloides (d'Orbigny)
Pullenia osloensis Feyling-Hanssen
Pullenia spp.
Pullenia subcarinata (d'Orbigny)
Pyrgo depressa (d'Orbigny)
Pyrgo spp.
Pyrgo williamsoni (Silvestri)
Quinque/oculina seminulum (Linne)
Quinque/oculina spp.
Quinque/oculina sta/keri Loeblich & Tappan
Reophax curtu.s Cushman
Robertinoides pumilum Høglund
Rosa/ina globularis d'Orbigny
Rosa/ina spp.
Stainforthia /oeblichi (Feyling·Hanssen)
Stainforthia schreibersiana (Czjzek)
Stainforthia spp.
Textularia catenata Cushman
Trifarina angulosa (Williamson)
Trifarina bradyi Cushman
Trifarina fluens (Todd)
Triloculina spp.
Triloculina tricarinata d'Orbigny
Trilocu/ina trigonula (Lamarck)
Trilocu/ina trihedra Loeblich & Tappan
Trochammina inflata (Montagu)
Trochammina spp.
Uvigerina peregrina Cushman
Lagena gracilis

Lagena mollis

111 taxa including 26 unspecified species groups (spp.) and 86 identified species.
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Foraminiferal and amino acid stratigraphy of site 7222/09-U-01 in the southwestern Barents Sea. For location, see Fig. l.
Minimum amino acid ratios are denoted +. Framed numbers indicate the radiocarbon age (cf. Table 4).

Fig. 3.

Foraminiferal stratigraphy
There is little stratigraphic variation in the for
aminiferal fauna. Almost all the sediment samples
are dominated by Elphidium excavatum (mainly
forma clavata) and this species is associated with
Cassidulina reniforme, Cassidulina teretis, Bue
cella frigida/tenerrima, Cibicides lobatulus,
Nonion barleeanum, Nonion labradoricum, Islan
diella norcrossi/helenae, Islandiella islandica
Stainforthia loeblichi, Nonionella auricula and
Astrononion gallowayi. In addition, other Elphi
dium species that occur at some of the sites include
E. asklundi, E. groenlandicum, E. incertum and
E. subarcticum. Most of the species are also com
mon in the faunas from the last deglaciation in
the Barents Sea (cf. Østby & Nagy 1981; Elverhøi
& Bomstad 1980; Hald et al. 1989, in print).
However, their relatively low down-core variation
does not allow any stratigraphic subdivision. On

the other hand, some of the sediment samples
contain species that are not associated with cold
glaciomarine environments. The two most impor
tant of these species are Bulimina marginata and
Epistominella nipponica. Although they generally
are not abundant, their occurrence is charac
teristic. Based on their presence we identify the
following subzones (SZ) according to the defi
nition given by Hedberg (1976): (SZ l) Gla
ciomarine fauna weakly influenced by E.
nipponica; (SZ 2) glaciomarine fauna weakly
influenced by B. marginata; (SZ 3) glaciomarine
fauna heavily influenced by B. marginata; and
(SZ 4) 'dean' glaciomarine faunas. The strati
graphical distribution of these subzones in the
shallow drillings is given in Fig. 6.
SZ I: The stratigraphically most abundant sub
zone is SZ l containing between l and 10% E.
nipponica. It is found in two subzones at the sites
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SITE 7323/07 -U- 1 O

Fig. 4. Foraminiferal and amino acid stratigraphy of site 7323/07-U-10 in the southwestern Barents Sea. For location, see Fig.
Minimum amino acid ratios are denoted +.

l.

Dia 84-2 and Dia 84-5 ( Fig. 5 ) , in the lower part
of 7425/09-U-01 and 7126/06-U-01 and the upper
part of 7323/07-U-10 (Fig. 4) .
SZ 2: In SZ 2, E. nipponica is almost totally
absent. B. marginata is found with frequencies
between l and 4% in SZ 2 at the following sites:
7120/06-U-1 in the upper and lower parts of 7120/
06-U-lB and in three zones at around 30, 45 and
>10 m at site 7323/07-U-10 (cf. Fig. 6) .
SZ 3: SZ 3 is similar to SZ 2, but has a higher
content of B. marginata, viz.l0--30%, in the lower
part of 722:?/09-U-01 (Fig. 3) .
SZ 4: 'Clean' glaciomarine faunas are totally
dominated by the various polar shelf foraminiferal
species mentioned above.

indicating that such differences existed in the
southwestern Barents Sea during deposition of
the upper sedimentary sequence, although not
as contrasting as the assemblages found in the
modem Barents Sea ( Hald et al. in print;
Steinsund 1988) . Foraminiferal content ( between
20 and 60 individuals per gram) , as well as percent
of planktic foraminifera ( occasionally reaching
above 30%) are highest in the southwesternmost
sites and lower towards the north and east. This
is an analogue to the modem Barents Sea ( Hald
et al. in print; Steinsund 1988) .

Fauna/ variations between the sites

Because of the generally low biogenic carbonate
content of the samples, only seven radiocarbon
age estimates ( accelerator mass spectrometry)

Lateral fauna! variations occur between the sites

Radiocarbon age estimates
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have been obtained (Table 4). The age estimates
were made on fragments of shells of bivalves
which, due to their fragmentary state, could not
be identified. All the dates have been corrected
for isotopic fractionation and reservoir effects.
lsotopic fractionation is normalized to d 13 C O%
PDB, which includes a correction of about 410
years. This is balanced by the reservoir effect of
440 years along the Norwegian coast (Mangerud
& Gulliksen 1974).
One sample (Ua 1051 of 15,680 years BP, Table
4) produced very little C02 and is omitted from
further discussion. An inverse relationship
between sediment depth and C-14 dates at sites
7425/09-U-01 and 7120/06-U-1 (Fig. 6) strongly
suggests that the fossil fragments have been
reworked. Also the foraminiferal fauna (see page
251) and the amino acid measurements (see page
253) indicate reworking. Reworking of young car
bonate during sediment sampling is considered
unlikely, but old carbonate may have been geo
logically reworked from older beds. Thus the
dates may be considered as maximum ages for
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the southwestern Barents Sea. For location, see Fig. l.

Tab/e 3. Minimum and maximum percent values of the 22 most
important benthic foraminiferal taxa identified in the shallow
drillings from the southwestern Barents Sea.

Minimum

Maximum

Species

(%)

Buccella frigida/tennerrima

o

7.0

Bulimina marginata

o

34.5

(%)

Cassidulina reniforme

o

35.9

Cassidulina teretis

o

20.0

Cibicides /obatulus

o

34.4

Elphidium albiumbilicatum

o

7.5

Elphidium bart/etti

o

Elphidium excavatum

2.6

Elphidium groenlandicum
Elphidium

spp.

Epistominel/a nipponica
Guttulina

spp.

Js/andiel/a he/enae
Is/andiel/a islandica
Is/andiella norcrossi
Nonion bar/eeanum
Nonion /abradoricum
Oolina

spp.

Protelphidium orbicu/are
Stainforthia /oeblichi
Trifarina angu/osa

o
o
o
o
o
o
o
o
o
o
o
o
o

5.6
65.7
6.9
61.7
9.5
6.3
12.6
7.9
13.0
32.3
6.8
6.3
10.3
4.9
9.5
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the level from which they were retrieved. Using
this rationale, a maximum late Middle Weich
selian is indicated for the upper 70 m of sediments
at site Dia 84-2 (Fig. 6) and an early Late Weich
selian age for the upper 45 m of 7425/09-U-01,
the upper 20 m of 7120/06-U-lB and the upper
22 m of 7222/09-U-01. Unfortunately these dates
do not give us a chronostratigraphic resolution of
the sediments.

Amino acid chronology

Amino acid measurements have proved to be a
valuable tool for detecting major unconformities,
identifying reworked foraminiferal faunas and
establishing relative chronologies on continental
shelves (Sejrup et al. 1984, 1987, 1989; Knudsen
& Sejrup 1988). Amino acid chronology is based
on measurements of the diagenetic reactions
within the protein remains in fossil carbonate
material. In this study, the epimerization reaction
is utilized on benthic foraminifera. The degree of
epimerization is expressed as the ratio between
the non-protein diastereomer, D-alloisoleucine
(alle) and the protein amino acid L-isoleucine
(Ile). In a recent sample the alle/Ile ratio is 0.011
and the reaction reaches equilibrium at about 1.3.
In the Barents Sea area, equilibrium is attained
after a few million years.
alle/Ile ratios from 38 analyses (Table 5) are
presented. The epimerization reaction is pri
marily controlled by temperature and species.
Assuming that all the analysed foraminiferal tests
have experienced the same temperature histories,
increasing alle/Ile ratios indicate increasing age.
However, this depends on the mean annua! sea
bed temperature, as well as on the geothermal
induced temperature gradient. Heat flow has been
measured in several of the shallow drillings (Zie
linski et al. 1986). The sea bed temperatures in
Table l are mean annua! temperatures extrapo
lated from these measurements, with an accuracy
better than O.l°C (unpublished IKU data). A
temperature gradient of 3.7oC per 100 m sediment
depth is estimated. The temperatures in Table l
indicate a maximum geographical temperature
difference of 2.SOC. Time intervals with geo
graphical temperature difference in the study area
probably existed during most of the Holocene and
hence imply that the values from the coldest sites
(that is, the locations on the northern and sou
thern ftanks of Bjørnøyrenna (Dia 84-2, 84-5,
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7323/07-U-10, 7425/09-U-01 and 7317/02-U-01),
represent slightly older age estimates.
The low foraminiferal content in most of the
samples was a limiting factor for obtaining amino
acid measurements. With the exception of the
sample of C. lobatulus, only E. excavatum
occurred in sufficient numbers for amino acid
analyses. Fifteen of the measurements turned out
to be of bad quality, probably due to con
tamination by modem amino acids. One expla
nation for the problems with the amino acid
measurements may be related to the poor pres
ervation of the foraminifera caused by carbonate
dissolution (King 1980). Twenty-three of the
measurements have an acceptable quality. The
results are plotted in the foraminiferal diagrams
(Figs. 3--6).
Amino acid

results

Fourteen of the measurements duster between
0.034 and 0.051. Eight of the valucs are higher,
ranging between 0.061 and 0.162. As with the
radiocarbon age estimates, the amino acid
measurements do not resolve a possible age dif
ference between the foraminiferal subzones and
the seismic units. The intervals containing faunas
SZ l, SZ 2 and SZ 4 have amino acid ratios most! y
around 0.05. The values of 0.162 and 0.083 at
sites Dia 84-5 and 7227/7-U-1 respectively, are
framed by lower values and we suggest that, at
least, these high values may be explained by
reworking.
From the southern Barents Sea, Hald et al.
(1989) presented alle/Ile ratios between 0.023
and 0.033 from the last deglaciation which are
radiocarbon dated to between 13,300 and 10,000
years BP. All the acceptable measurements in
Table 4. Accelerator mass spectrometry radiocarbon age esti
mates of fragments of shells and bivalves retrieved from shallow
drillings in the southwestern Barents Sea. The asterisk denotes
that very little C02 was produced from this sample, resulting in
too young an age.

Lab. no.

Site no.

Sediment
depth ( m)

C-14

age

(years BP)
>41,000

Ua 1048

7120/Q6.U-1

13.00-13.21

Ua 1049

Dia

70.25-70.35

27,320 ± 735

21.75

24,880 ± 550

84-2

Ua 1050

7222/09-u -01

Ua 1051

7317/02-U-01

14.82

15,680 ±

Ua 1052

7425/09-U-01

30.26

34,835 ± 1430

Ua 1053

7425/09-U-01

42.01-42.07

21,615 ± 565

Ua 1054

7120/Q6.U-1B

17.74--17.78

21,110 ± 550

800*

7323/07-U-10

7317/02-U-01

DIA

84-2

DIA

7425/09-U-01

84-5

100

A

200

7120/06-0-1
U -TB

��

Wo.

g�

7126/06- U-01

7222/09-U-01

and
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Fig. 6. Stratigraphy and suggested correlation of the shallow drillings in the southwestern Barents Sea. (Horizontal distances
between the sites are not in scale.)

this study (Table 4) show larger values than 0.03
and are hence older. The values in the present
study are dose to amino acid ratios obtained
from a till underlying the sediments from the last
deglaciation from the southem Barents Sea (Hald
et al. 1989). Thus, we conclude that the sediments
studied in the shallow drillings are older than
the last deglaciation. Comparing our values with
those obtained on E. excavatum from further

south, off western Norway and the North Sea
(Sejrup et al. 1984, 1989; Knudsen & Sejrup
1988), an early Late Weichselian to late Middle
Weichselian age for the values between 0. 034 and
0. 051 is indicated. This is not in conflict with the
radiocarbon age estimates obtained. The higher
ratios are indicative of older ages: Middle or
Early Weichselian for those less than 0. 09 and
approaching the last interglacial ages for values

252 M. Hald et al.

NORSK GEOLOGISK TIDSSKRIFr 70 (1990)

Table 5. Amino acid measurements (alle/Ile ratios) on benthic
foraminifera from the shallow drillings in the southwestern
Barents Sea. All measurements except one were carried out on
the benthic foraminifer Elphidium excavatum. • uncertairv'
contamiliated; •• too low value considered as a minimum
value; ••• too low value on Cibicides lobatulus, considered
as a minimum value.
=

=

=

Site no.

7227/7-U-1
7227/7-U-1
7227/7-U-1
7227/7-U-1
7227/7-U-1
7227/7-U-1
7227/7-U-lB
7227/7-U-lB
7227/7-U-lB
7227/7-U-18
7227/7-U-18
7227/7-U-lB
7227/7-U-lB
7227/7-U-lB
7120/06-u-1
7120/06-u-l
7120/06-U-lB
7120/06-U-lB
Dia 84-5
Dia 84-5
Dia 84-5
Dia 84-5
Dia 84-5
Dia 84-5
Dia 84-2
Dia 84-2
7126/06-U-01
712&'06-U-01
712&f06-U-Ol
712&'06-U-01
7222/09-U-01
7222/09-U-01
7222/09-U-01
7323/07-U-10
7425/09-U-01
7425/09-U-01
7425/09-U-01
7317/02-u-01

Sample no.

Depth (m)

alle/Ile

Wip lB
Wip lA
Wip 1D
Wip2D
Wip 3A
Wip 3D
WiplA
Wip 1D
Wip 3A
Wip 3B
Wip 7E
Wip 4A
Wip 5A
Wip 6A
Wip l
Wip2A
Wip 5A
Wip 5A
l
2
3
5
6
7
l
7
K/3
K/4
K/5
K/6
K/16+17
K/19
K/19
K/31
K/35+36
K/41
K/43
K/49

10.15-10.30
15.60-15.70
10.47-10.60
15.99-16.11
19.70-19.73
19.89-19.98
10.30-10.48
10.78-10.90
20.20-20.40
20.40-20.52
39.91-40.00
24.70-24.84
29.00-29.18
35.10-35.20
10.96
13.00-13.21
25.30-25.68
25.30-25.34
12.80-12.85
22.24-22.28
32.28-32.36
51.30-51.37
61.20-61.24
70.10-70.14
7.35-7.38
60.05-60.08
14.02
18.51-18.55
18.55-18.60
23.36
78.55
97.50
97.50
64.67-64.72
9.94 & 12.00
39.66 & 41.75
42.01-42.07
24.25-24.79

0.044
0.037
0.003**
0.036*
0.247*
0.044
0.049
0.034*
0.039*
0.049
0.039*
0.083
0.061
0.110
0.048
0.035*
0.039**
0.092
0.042
0.162
0.040
0.040
0.039
0.071
0.036
0.048
0.026**
0.020**
0.018**
0.040
0.110
0.023**
0.042***
0.051**
0.038**
0.067
0.051
o.o5o••

around O.l (Knudsen & Sejrup 1988). The amino
acid value of 0.110 of the SZ 3 may indicate that
this fauna is rather old, possibly dose to the last
interglacial in age.

Seismic borehole correlation

Figure 6 summarizes the main results from the
borehole investigations. It provides a correlation
between the locations based on an interpretation
of shallow analogue and digital seismic data.

Depth conversion was aided by sound velocity
measured on samples.
Local seismic stratigraphies have been estab
lished for the eastern and western parts of the
study area. Units b2, b4, b5 and b6 from the
'western stratigraphy' and al, a3, a6, a7 and a8
from the 'eastern stratigraphy' occur in the bore
hoies covered by the present study. Units b2, al
and a3 represent different events, while b4 is
correlated with a6, b5 with a7, and b6 with a8.
The interna! seismic character of the units is trans
parent to semi-transparent, chaotic or stratified
(Vorren et al. 1989). The latter type is, however,
of limited occurrence and is not represented on
our core data. Most of the refiectors separating
the units have high acoustic impedance contrasts
and a smooth or gently undulating morphology.
This probably refiects erosion or moulding of
underlying sediments by an ice sheet. Frequent
truncations of the refiectors are indicated in Fig.
6. This indicates a multi-phase genesis of the
unconforrnity at the base of the glacigenic
sequence.
The base of unit a8/b6 is defined by an upper
refiector that is locally smooth and of high ampli
tude, but which laterally may become weak and
irregular (Sættem & Hamborg 1987). This surface
may be diachronous and may represent different
events in different areas. Refiectors assigned to
the a8/b6 level are, however, probably all related
to a late phase of the last glaciation in the area.
The problem of synchroneity may not be restric
ted only to this upper interval. It is unlikely that
a phase of erosion is synchronous throughout the
study area (sites 7120/06-U-1 and 7425/09-U-01
are about 350 km apart), and quite possibly a
surface of erosion may laterally grade into a sur
face of moulding with minimal associated erosion,
or into a surface of till deposition or glaciomarine
sedimentation.
Comparison of the foraminiferal faunas with
the seismic stratigraphy (Fig. 6) indicates that the
seismic units above units b4 or a6 are dominated
by SZ l at the northern sites (Fig. 6A) and by SZ
4 at the more southern sites (Fig. 6B). In seismic
units b4 and a6, SZ 4 dominates the southern
sites, SZ l and SZ 4 dominate at the sites Dia 842 and Dia 84-5 on the Svalis Dome area, whereas
at the nearby 7323/07-U-10, SZ 2 and SZ 4 occur.
The 'old' sediments below unit b4, at site 7222/
09-U-01, is the only location where SZ 3 is repre
sented. Also, the lower part of the Dia cores is
less infiuenced by B. marginata.
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Foraminiferal palaeoenvironment

Apart from a small 'warm' component (E. nip
ponica and B. marginata) in SZ l and SZ 2 and
a somewhat larger 'warm' component in SZ 3 (B.
marginata) , the foraminiferal faunas are indica
tive of cold, glaciomarine environments. They
must have lived in an environment corresponding
to periods of glacial build-ups and glacial
'stillstands' or deglaciations. Comparing our stra
tigraphy with that of the last deglaciation in the
Barents Sea (Hald et al. 1989), we notice a larger
planktic component (in percent) in the shallow
drillings. The relatively high content of planktic
foraminifera in the shallow drillings may indicate
that these glaciomarine faunas do not reftect de
glaciations, but rather to periods of ice build-up
or stillstand. During deglaciations the production
of planktic foraminifera was strongly limited by
glacial meltwater, whereas in the other two inter
stadial environments, meltwater was less promi
nent.
A characteristic benthic species in the shallow
drillings is N. bar/eeanum. Its present distribution
is probably an indicator of the mixing between
Atlantic and Arctic water in the southwestern
Barents Sea (Hald et al. in print) and thus this
species may respond to the presence of the North
Cape Current, which today transports Atlantic
water into the southern Barents Sea. The wide
spread stratigraphical distribution of N. bar
leeanum in the shallow drillings may indicate some
inftuence of Atlantic water into the Barents Sea
during the late Middle Weichselian and early Late
Weichselian.

Foraminiferal reworking

The present study demonstrates various evidences
for reworking: (a) The presence of mixed ('warm'
and 'cold') foraminiferal faunas; (b) old radiocar
bon and amino acid measurements framed by
younger values; (c) many high amino acid values
(>0.05) in the seismic units younger than b4. Unit
b4 contains a radiocarbon date of 27,320 ± 735
years BP (Table 4).
lnterpreting the 'warm' component of E. nip
ponica in SZ l and B. marginata in SZ 2 and SZ
3 is not simple. Assemblages similar to SZ 2 and
SZ 3 from the Quaternary central North Sea
(Jensen & Knudsen 1988) have partly been inter
preted as reworked (their zone 3) and partly as
indicating 'boreal-arctic marine ecological con-
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ditions' (their zone l) or 'amelioration' (Knudsen
1985). Both the results from the radiocarbon age
estimates and the amino acid measurements in
our study strongly suggest that reworking has
affected all the subzones, even the 'dean' gla
ciomarine assemblages. Also, the lateral fauna!
differences (e.g. between the closely located sites
Dia 84-5, Dia 84-2 and 7323/07-U-10), within
seismic unit b5/a7 support this idea. Thus we
favour a partiy or completely reworked origin for
our faunas to explain the mixture between 'warm'
and 'cold' species. We did not have the possibility
to determine how large a part of the fauna may be
reworked. Glacial reworking, by iceberg activity
(rafting, ploughing, etc., cf. Vorren et al. 1983),
or glaciers eroding the sea bottom are considered
the most plausible cause of the reworking.
E. nipponica is an important species in the
modem southwestern Barents Sea (Steinsund
1988; Hald et al. in print) and its presence in
the shallow drillings suggests that it has been
reworked from older interglacial strata. It is most
probably reworked from the last interglacial, the
Eemian in the Barents Sea, where Poole et al. (in
prep., Sættem et al. in prep.) have recently found
it to be frequent. B. marginata is scarce in the
modern Barents Sea (Østby & Nagy 1981;
Steinsund 1988) and in the fjords of Svalbard
(Aasgaard 1978), but is frequent in the fjords and
near-coastal areas of northern Norway (Strand
1979; Hald unpublished) as well as further south
on the Norwegian continental margin (Ovale
1986; Van Weering & Ovale 1983). It has also
recently been found to be frequent in sediments
from the western Barents Sea pre-dating the last
interglacial (stage 5e) (Poole et al. in prep., Sæt
tem et al. in prep.), possibly reworked from an
older (Holsteinian?) interglacial. Thus the pres
ence of B. marginata in this study is most probably
due to reworking either from interglacial sedi
ments older than the last interglacial (the Eemian)
or from fjords/near-coastal areas of northern
Norway.

Implications for the glacial history
and sedimentary environment

The seismic record of the Barents Sea indicates
that this area has been glaciated several times
during deposition of the upper sedimentary, gla
cigenic sequence. Solheim & Kristoffersen (1984)
concluded, based on seismo-stratigraphy, that at
least four, possibly five, glacial advances reached
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the shelf edge during this time. In a detailed study
on the shelf off Finnmark, six directly superposed
glacial units have been mapped (Vorren et al.
1989).

The present results indicate that a large part of
the upper glacigenic unit is quite young in the
central parts of the southwestern Barents Sea.
Sediments dose to the base of units a6/b4 (Fig.
6) are dated younger than 27,320 years BP (site
Dia 84 2) These units have a widespread dis
tribution in the study area. Westward unit b4
largely corresponds to the seismic Sequence I of
Solheim & Kristoffersen (1984, fig. 4A). This
correlation implies very rapid accumulation rates
and accumulations dose to 100m in western Bjør
nøyrenna during the late Middle Weichselian
-

.
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prior to the last deglaciation. According to Vorren
& Kristoffersen (1986) and Hald et al. (1989)
southern Barents Sea was deglaciated at the latest
13,290 BP. This implies an average accumulation
rate of 5. 7m/1000 years between 27,320 and
13,290 years BP in some of the locations cor
related in Fig. 6. If large parts of the succession
along the coast of Finnmark mapped by Vorren
et al. (1989) are of the same age, sedimentation
rates of ca. 14m/1000 years are indicated. These
large accumulation rates certainly also imply large
erosion rates on the shelf itself and on the sur
rounding land areas.
What do the scenarios for this large deposition/
erosion environment look like? A large part of
the glaciomarine foraminiferal faunas SZ l, SZ 2

A

c

Fig. 7. Possible scenarios for
forrnations of the foraminiferal
faunas and the sediments in
the shallow drillings from the
southwestern Barents Sea.
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and SZ 4, all indicative of mainly glaciomarine
environments, must have originated during late
Middle to early Late Weichselian ice-free periods,
possibly the 'Amøya interstadial'. Ice-free inter
stadial conditions existed around 30,000 BP at
Amøya ('Amøya interstadial') located at the mar
gin of the southwestemmost part of the Barents
Sea (Andreassen 1985). Olsen (1988) correlates
the Sargejåk interstadial at Finnmarksvidda,
northem Norway to the 'Amøya interstadial'. As
the Sargejåk interstadial sediments are located
about 15(}...200 km from the coast of the southem
Barents Sea, this correlation implies that larger
parts of northern Scandinavia were ice-free during
this interstadial. However, the large erosion and
accumulation rates indicated by our results call
for rather dynamic glacier-ice proximal/subglacial
regimes. Deposition rates of about the same scale
are indicated for some Norwegian glacigenic fjord
environments (Hald & Vorren 1984; Vorren et
al. 1989). Similar accumulation rates are inferred
from an actively deforming, subglacial till layer
beneath Ice-stream B in the Antarctic (Alley et
al. 1987; Blankenship et al. 1986). Reworking
and a low content of foraminifera as seen in the
shallow drillings, may be a function of both a
glaciomarine and subglacial depositional environ
ment as described above. However, on the basis
of present data, we are not able to distinguish in
situ glaciomarine foraminiferal assemblages from
those partly or completely glacially reworked.
If the seismic reftectors correlated to the shal
low drillings (Fig. 6) represent glacial advances,
the central southwestern Barents Sea must have
been overridden by glaciers several times since
the late Middle Weichselian. This implies a com
plex glacial history of the study area involving
several phases of erosion and deposition. Reftec
tors, however, may also represent intra-for
mational erosional surfaces (King et al. 1987) and
not necessarily glacial advances. Some reftectors
may also represent iceberg ploughed palaeo-sea
beds (Sættem & Hamborg 1987; Vorren et al.
in print) forrned during periods of high iceberg
concentration and low sedimentation rates in a
glaciomarine environment.
Possible scenarios for reworking of foramin
iferal faunas and sediments are summarized in
Fig. 7. Environments B and C are most likely
representative of regimes of rapid accumulation
of sediments. At present we cannot distinguish
between the relative importance of the two.
The SZ 3 fauna found below seismic unit b4
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was probably deposited prior to the 'Amøya inter
stadial'. If it is reworked from fjords/near-coastal
areas of northem Norway, it may be indicative of
reworking by glacial advances from the south,
causing glaciomarine or subglacial deposition of
foraminifera as far north as the southem ftanks
of Bjømøyrenna (72°30'N, site 7222/09-U-01).
We tentatively correlate the lower part of site
7222/09-U-01 below unit b4 to Voudassjavri Till
on Finnmarksvidda, northem Norway (Olsen
1988). This till represents a glacial advance of
regional extent following the last interglacial in
this area (Olsen 1988) and is correlated to isotope
stage 5b.

Conclusions

(l) The upper sedimentary sequence contains
benthic foraminiferal faunas which primarily
indicate a polar shelf environment.
(2) Radiocarbon age estimates and amino acid
measurements indicate a late Middle to early
Late Weichselian age for most of the cored
sediments. This implies very rapid sedi
mentation rates, probably in a dynamic
glaciomarine/glacial environment.
(3) Part of the foraminiferal fauna is reworked
from previous interglacial and interstadial
sediments. The radiocarbon age estimates and
amino acid measurements indicate that part
of the foraminifera must have lived during
the 'Amøya interstadial' (about 30,000 BP)
during which large parts of the Barents Sea
and northern Norway were ice-free.
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