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The foraminiferal content of samples from a 122 m deep borehole in the Statfjord Field of the northern 
North Sea permitted a biostratigraphical subdivision of the sequence into 11 units. The paleoecology of 
these units is discussed. Most of them reflect High-Arctic ice age conditions, whereas two of them are of 
interstadial character. Distinctly ameliorated assemblages occur 20 m below sea floor. They correlate 
with late Statfjord Interglacial assemblages from a previously described boring and probably originate 
from the end of the Eemian. An attempt has been made to correlate the units of the present boring 
with published deep sea oxygen isotope stages. 

R. W. Feyling-Hanssen, Department of Micropaleontology, Institute of Geology, University of Aarhus, 
8000 Arhus C, Denmark. May 3rd, 1982. 

The present investigation deals with borehole 
3506 in the Statfjord B Field of the Norwegian 
sector of the northern North Sea. Core samples 
were provided by the Norwegian Geotechnical 
Institute, Oslo. The bore site is on a plateau to 
the west of the Norwegian Channel in 145 m of 
water. Its latitude is 61 °12.4 'N, longitude 1 °50'E. 

The foraminiferal content of thirtynine sedi­
ment samples from this boring was investigated. 
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Fig. 1. Location of the investigated boring. 

The uppermost sample, lA, is from the present 
sea bed, the deepest sample, no. 27, from 122 m 
below the sea bed. 

Most of the samples were quite rich in 
foraminifera, the richest one, no. 6C at 5.5 m, 
contained 25,000 specimens in 100 g sediment. 
The deepest samples, from no. 23, at 106.4 m 
down, were barren or nearly barren. 

The foraminiferal species in the investigated 
samples show that the whole sequence is of 
· Quaternary age. Most specimens are in a good
state of preservation, suggesting that they lived
and died and were buried at the bore site. Some
samples contained reworked, worn, foraminifera
of Upper Cretaceous age in addition to the
Quaternary specimens.

The samples were processed and analyzed in 
accordance with previously described procedures 
(Feyling-Hanssen, 1958, 1964, 1981, 1982; 
Feyling-Hanssen et al., 1971). In addition to the 
paleoecological parameters previously used, viz., 
% of boreal benthonic specimens, % of 
planktonic specimens, fauna! deversity (Walton, 
1964), fauna! dominance, number of benthonic 
specimens per 100 g sediment, and number of 
benthonic species per sample, a % of Shallow­
water specimens is also included (Feyling-Hans­
sen, 1982). 

The counted foraminiferal assemblages are 
housed in the Department of Micropaleontology, 
Geological Institute, Aarhus University. 



Feyling-Hanssen: Quaternary foraminifera 

Fig. 2. Zoogeographical division used in grouping the 
foraminifera (Redrawn from Feyling-Hanssen, 1955). 

Sediment 

The sediments of Borehole 3506 were analysed 
by Tor Løken of the Norwegian Geotechnical 
Institute, Oslo. His description (written com­
munication, 1977) was as follows: 
"0-0.2 m, top layer: Consists of sand and gravel 
with numerous fragments of molluscan shells. 
0.2—9.0 m: stiff, silty and homogenous clay. 
9.0-10.0 m: Sandy clay. 
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Fig. 3. Symbols used in the range charts and diagrams. X indi­
cates specimen observed only in the uncounted part of the sam­
ple. 

10.0-20.0 m: very fine sand with isolated shell 
fragments and a little gravel. 
20.0—27.0 m: stiff, sandy clay with some granules 
and stones. 
27—32 m: silty to clayey sand. 
32-45 m: silty clay. 
45-58 m: fine to silty sand. 
58-102 m: clay. 
102-122 m: fine to medium sand". 
Scattered particles of lignite occur at several 
levels. There is no glacigenic deposit among the 
investigated samples. 

Zonation 

The frequency destribution of 31 selected taxa of 
foraminifera is illustrated in the range chart of fig. 
4a. The symbols used are explained in fig. 3. 
Paleoecological parameters were calculated for 
each assemblage and are presented as diagrams in 
fig. 4b. All the data presented in figs. 4a and b 
have been combined in an attempt to distinguish 
between different paleoecological units of the 
boring. Eleven assemblage zones have thus been 
established. They are indicated by numbers from 
11, oldest, to 1, youngest. 

Zone 11 comprises the deepest samples of the 
boring from no. 27, at 122.0 m below sea floor, to 
no. 23, at 106.4 m. These samples are barren or 
nearly barren of foraminifera. Only no. 25, at 
112.7 m, contained 50 worn specimens including 
Elphidium excavatum (Terquem), Nonion 
orbiculare (Brady), Cibicides lobatulus (Walker 
and Jacob), Elphidium asklundi Brotzen and one 
specimen of Elphidiella hannai (Cushman and 
Grant). A single Globigerina pachyderma 
(Ehrenberg) occurred. Sample no. 27 contained 5 
worn specimens of Elphidium excavatum. 3 worn 
Nonion orbiculare and 1 fragmented Cibicides 
lobatulus. 

All these are considered reworked, and zone 
11 is probably a non-marine deposit or a shal­
low-water deposit which has been exposed to 
subaerial leaching and dissolution of its original 
content of calcareous fossils. 

Zone 10 (Table 1) represented by sample 22A at 
103.2 m, is characterized by high frequency of 
Cibicides lobatulus (16%) and a firm representa-
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Table 1, Zone 10 

Sample no. 22A, Boring 3506A, depth 103.2 m, weight 120 g 

Species Percentage 

Elphidium excavation (Terquem) 34 
Nonion orbiculare (Brady) 17 
Cibicides lobatulus (Walker and Jacob) 16 
Elphidium subarcticum Cushman 7 
Elphidium asklundi Brotzen 7 
Cassidulina reniforme Nørvang 3 
Angulogerina angulosa (Williamson) 2 
Elphidium bartletti Cushman 2 
Elphidium ustulatum Todd 2 
Angulogerina fluens Todd 1 
Islandiella helenae Feyling-Hanssen and Buzas 1 
Islandiella islandica (Nørvang) 1 
Buccella frigida (Cushman) 1 
Ammonia batavus (Hofker) 1 
13 other species each accounting for less than 1% of the counted benthonic assemblage. 

Counted: 322 bentonic and 5 planktonic specimens = 4/9 of the sample.̂  
In the uncounted part occurred 6 additional benthonic species. 
Number of benthonic species: 33. 
Number of benthonic specimens/100 g: 600. 
Faunal diversity: 14. Faunal dominance: 34. 
% planktonic specimens: 1. 
Boreal element: 6%. 
Shallow-water element: 35%. 
Reworked specimens/100 g: 47. 

tion of typical shallow-water species such as 
Nonion orbiculare (17%), Elphidium sub­
arcticum Cushman (7.5%), E. asklundi (7%), 
and E. bartletti Cushman (2%). E. ustulatum 
Todd comprises 2.2%. Shallow-water specimens 
account for 35.5%. 

The sediment of zone 10 was thus deposited in 
, extremely shallow water. A marine transgression 

probably started at this level of the borehole. 
Many foraminifera of this sample have their last 
or latest chambers broken off, some of them are 
worn. As a whole the assemblage mirrors a 
high-energy environment. 

The assemblage is Arctic but ameliorated; 6% 
of the benthonic assemblage consist of Boreal 
foraminifera. 

Zone 9 (Table 2) comprises the samples 20A, 
21A and 21C, approximately between 90 and 
100 m below sea floor. It represents a distinctly 
ameliorated interval. The content of boreal 
specimens is 11% in 21C, 16% in 21A, and again 
11% in 20A. Bulimina gibba/marginata (com­
prising Bulimina marginata d'Orbigny, B. 
aculeata d'Orbigny, B. elongata d'Orbigny, B. 
gibba Fornasini) is firmly represented and so 
is Elphidium albiumbilicatum (Weiss). An­

gulogerina angulosa (Williamson) is quite com­
mon. 

The transgression which commenced in zone 
10 continues through zone 9. The content of 
shallow-water specimens decreases upwards — 
from 23% in sample no. 21C to 21% in 21A to 
18% in 20A, but still the water must have been 
relatively shallow. Most probably because of this 
shallow water the faunal diversity and the 
number of different species remains low (diver­
sity about 10, number of species 20). There is an 
increase in the number of benthonic specimens 
per 100 g sediment from 650 in 21C to 2100 in 
20A. 

Zone 8 (Table 3) is represented only by sample 
no. 19A at 87.2 m. This sample carries so much 
lignite and other plant debris that it looks dark 
brown when washed. Large quantities of Pre-
quaternary foraminifera are also present (1340 
specimens/100 g sediment), almost as many as 
Quaternary specimens (1540/100 g). One might 
suspect the entire assemblage to be reworked, but 
this is unlikely because the Quaternary specimens 
are very well preserved, showing little if any 
damage. 

The Quaternary assemblage of this sample is 
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Table 2, Zone 9 
Sample no. 21A, Boring 3506A, depth 96.6 m, weight 160 g 

Species Percentage 

Elphidium excavation (Terquem) 42 
Nonion orbiculare (Brady) 14 
Cassidulina reniforme Nørvang 13 
Bulimina aculeata d'Orbigny 8 
Elphidium albiumbilicatum (Weiss) 4 
Cibicides lobatulus (Walker and Jacob) 3 
Islandiella helenae Feyling-Hanssen and Buzas 2 
Angulogerina angulosa (Williamson) 2 
Elphidium asklundi Brotzen 2 
Buccella tenerrima Bandy 1 
Islandiella islandica (Nørvang) 1 
Quinqueloculina semimdum (Linné) 1 
Nonion labradoricum (Dawson) 1 
Elphidium obesum Gudina 1 
14 other species each accounting for less than 1% of the counted benthonic assemblage. 

Counted: 481 benthonic and 6 planktonic specimens = 2/9 of the sample. 
In the uncounted part occurred 5 additional benthonic species. 
Number of benthonic species: 33. 
Number of benthonic specimens/100 g sediment: 1,350. 
Faunal diversity: 13. Faunal dominance: 42. 
% planktonic specimens: 1. 
Boreal element: 16%. 
Shallow-water element: 21%. 
Prequaternary specimens/100 g: 150. 

considered a zone in its own right because it re- creased further, as the shallow-water specimens 
fleets a quite marked climatic deterioration in make up only 8.8% whereas planktonic 
comparison with the underlying zone. The boreal foraminifera account for 4.6% of the total as-
element makes up only 6% of the fauna and the semblage of benthonic + planktonic specimens, 
faunal dominance {Elphidium excavatum clavata A cold spell is indicated by the assemblage of 
Cushman) is 64. Water depths seem to have in- zone 8. 

Table 3, Zone 8 
Sample no. 19A, depth 87.2 m, weight 130 g 

Species Percentage 

Elphidium excavatum (Terquem) 64 
Cassidulina reniforme Nørvang 16 
Elphidium albiumbilicatum (Weiss) 3 
Cibicides lobatulus (Walker and Jacob) 2 
Elphidium asklundi Brotzen 2 
Elphidium subarcticum Cushman 2 
Nonion orbiculare (Brady) 2 
Islandiella norcrossi (Cushman) 1 
Buccella frigida (Cushman) 1 
Elphidium ustulalum Todd 1 
16 other species each accounting for less than 1% of the counted assemblage. 

Counted: 250 benthonic and 12 planktonic specimens = 1/8 of the sample. 
Two additional species were observed in the uncounted part. 
Number of benthonic species: 28. 
Number of benthonic specimens/100 g sediment: 1,550. 
Faunal diversity: 15. Faunal dominance: 64. 
% planktonic specimens: 5. 
Boreal element: 5%. 
Shallow-water element: 9%. 
Reworked specimens/100 g: 1,350. 
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Table 4, Zone 7 
Sample no. 14C, depth 63.9 m, weight 100 g 

Species Percentage 

Elphidium excavation (Terquem) 
Nonion orbiculare (Brady) 
Cassidulina reniforme Nørvang 
Elphidium albiumbilicatum (Weiss) 
Elphidium asklundi Brotzen 
Bulimina gibba Fornasini 
Cassidulina teretis Tappan 
Elphidium incertum (Williamson) 
Elphidium subarcticum Cushman 
Cibicides lobatulus (Walker and Jacob) 
Quinqueloculina stalkeri Loeblich and Tappan 
Islandiella helenae Feyling-Hanssen and Buzas 
Nonion barleeanum (Williamson) 
Elphidium barlletti Cushman 
Quinqueloculina seminulum (Linné) 
Angulogerina fluens Todd 
Cassidulina laevigata d'Orbigny 
14 other species each accounting for less than 1% of the counted benthonic assemblage. 

Counted: 264 benthonic and 10 planktonic specimens = 1/1 of the sample. 
Number of benthonic species: 31. 
Number of benthonic specimens/100 g sediment: 264. 
Faunal diversity: 22. Faunal dominance: 42. 
% planktonic specimens: 4. 
Boreal element: 17%. 
Shallow-water element: 28%. 
Reworked specimens/100 g: 60. 

42 
13 
9 
6 
5 
3 
2 
2 
2 
2 

Zone 7 (Table 4) is represented by the samples 
18, 17, 16C, 15B and 14C covering the borehole 
interval from 82 m to 63 m. These samples con­
tain distinctly ameliorated assemblages, their 
content of boreal foraminifera ranges from 9% to 
17%. Among the boreal species are Bulimina 
gibba (large with triangular cross section), An­
gulogerina angulosa, Cassidulina laevigata d'Or­
bigny, Nonion barleeanum (Williamson) and El­
phidium albiumbilicatum. Uvigerina peregrina 
Cushman occurs in the two lowermost samples of 
the zone. 

Elphidium excavatum still dominates the as­
semblages and Cassidulina reniforme Nørvang is 
subdominant in most of them — as often found 
with Arctic assemblages of the present day. But 
this dominance is moderate (less than 50 in three 
of the samples) and the faunal diversity is re­
markably high, amounting to 22 in sample 14C 
and even to 27 in sample 17 (average 20 for the 
zone). 

The content of shallow-water specimens ranges 
from 12% in sample 15B to 28% in sample 14C, 
the average for the zone being 21%. Very few 
planktonic foraminifera occur. Only in the up­

permost sample of the zone do they make up 
nearly 4%, in the other samples they are fewer. 
The water into which the sediments of zone 7 
were deposited was shallow, probably less than 
20 m deep. The salinity was probably close to 
normal marine. 

A charateristic feature of zone 7 is a quite 
common occurrence of Cassidulina teretis Tappan 
(cf. Feyling-Hanssen and Buzas, 1976; Fey­
ling-Hanssen, 1980) in all the samples. This 
species does not occur in any other unit of the 
borehole. A few, probably reworked specimens 
of Elphidiella hannai (Cushman and Grant) and 
Cibicides grossa Ten Dam and Reinhold, 
occurred in zone 7. These may have been derived 
from Lower Pleistocene and Upper Tertiary de­
posits nearby. 

Zone 7 represents a mild interval with intersta-
dial or close to interglacial conditions. A decrease 
in species number from 44 in sample 17 to 31 in 
sample 14C may signal the approach of more se­
vere climatic ages. 

Zone 6 (Table 5) comprizes the samples 13C, 
12BA, 11B and 10B. Its boundaries have been 

3* 
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Table 5, Zone 6 

Sample no. 13C, depth 61.1 m, weight 140 g 

Species 

Elphidium excavatum (Terquem) 
Islandiella helenae Feyling-Hanssen and Buzas 
Cassidulina reniforme Nørvang 
Quinqueloculina borea Gudina 
Quinqueloculina stalkeri Loeblich and Tappan 
Quinqueloculina agglutinata Cushman 
Quinqueloculina seminulum (Linné) 
Nonion orbiculare (Brady) 
Elphidium albiumbilicatum (Weiss) 
11 other species each accounting for less than 1% of the counted 

Counted: 405 benthonic and 16 planlctonic specimens = 5/7 of 
In the uncounted part occurred no additional species. 
Number of benthonic species: 20. 
Number of benthonic specimens/100 g sediment: 400. 
Faunal diversity: 7. Faunal dominance: 66. 
% planlctonic specimens: 4. 
Boreal element: 2%. 
Shallow-water element: 2%. 
Reworked specimens/100 g: 30. 

placed at 63 m and 44 m below sea floor. The 
assemblages are High-Arctic with a dominance of 
Elphidium excavatum clavata and with Cas­
sidulina reniforme second in frequency. The 
faunal diversity has dropped to between 4 and 9 
and the content of boreal specimens to between 
0.9% and 2.8%. There are only 20-22 different 
species per sample in the lower half of the zone 
rising to 36 in the uppermost sample. 

Zone 6 thus represents a stadial of an ice age. 
There is a sudden drop in the content of shal­

low-water specimens from zone 7 to zone 6. 
Sample 13C and 12B in the lower half of zone 6 
contain only 2.4% and 2.3% respectively. This 
would mean a marked deepening from zone 7 to 
zone 6. The content of shallow-water specimens 
again increases in the upper half of the zone to 
9% in sample 11B and 14% in 10B. At the same 
time planktonic specimens have practically dis­
appeared, o.8% in 11B and 0.9% in 10B. A re­
gression is thus indicated in the upper half of zone 
6. 

Large, glistening specimens of the Arctic 
species Islandiella helenae Feyling-Hanssen and 
Buzas are frequent in the lowest sample of the 
zone (12%). They decrease in frequency with the 
shallower conditions upwards in the zone. 

Sample 11B at 52.0 m contained 20,000 
benthonic foraminifera per 100 g sediment. The 
overlying sample 10B had 5,000/100 g but the 

Percentage 

66 
12 
10 
3 
3 
1 
1 
1 
1 

assemblage, 
the sample. 

two lower samples, 13C and 12B contained only 
400 and 650 specimens per 100 g sediment re­
spectively. 

Fragments of the Arctic mollusc species Yol-
diella lenticula (Muller) and Nuculana pernula 
(Miiller) occurred in sample 13C at 61.1 m. 

Zone 5 (Table 6) is represented only by sample 
9C at 42.2 m. Elphidium excavatum dominates 
with Cassidulina reniforme second in abundance. 
The assemblage is distinguished as a unit of its 
own because its percentage of boreal specimens is 
as high as 9.5. Compared to the assemblage be­
low as well as to the one above this makes a 
marked difference. There is also an increase in 
diversity and a slight drop in dominance. 

The assemblage is poor, but it may signal an 
interstadial which may have lasted longer than it 
looks from the poor representation of only one 
sample; there is an unsampled interval of 6.6 m 
between sample 9C and 8A above. 

Many particles of lignite occurred, but the 
Quaternary foraminifera are in a good state of 
preservation. 

Zone 4 (Table 7) is represented by the samples 
8AA, 7B, 6, and 3AA. The zone boundaries have 
been placed at 39 m and 24 m. The assemblages 
of this zone reflect High-Arctic, extremely severe 
environmental conditions. There is a pronounced 
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Table 6, Zone 5 

Sample no. 9C, depth 42.2 m, weight 100 g 

Species Percentage 

Elphidium excavatum (Terquem) 63 
Cassidulina reniforme Nørvang 12 
Nonion orbiculare (Brady) 7 
Bulimina gibba Fornasini 4 
Elphidium asklundi Brotzen 3 
Elphidium albiumbilicatum (Weiss) 2 
Bolivina robusla Brady 1 
Nonion barleeanum (Williamson) 1 
12 other species each accounting for less than 1% of the counted benthonic assemblage. 

Counted: 158 benthonic and 6 planktonic specimens = 1/1 of the sample. 
Number of benthonic species: 20. 
Number of benthonic specimens/100 g sediment: 158. 
Faunal diversity: 12. Faunals dominance: 63. 
% planktonic specimens: 4. 
Boreal element: 9.5%. 
Shallow-water element: 13%. 
Reworked specimens/100 g: 47. 

dominance of Elphidium excavatum clavata; it 
accounts for 75% of the benthonic assemblage of 
sample 8AA, 63% in 7B, 70% in 6, and 76% in 
sample 3AA. The faunal diversity is less than 5 in 
three of the samples 6 in the fourth (7B), these 
parameters thus indicate an extremely high en­
vironmental stress. Accordingly the number of 
species per sample varies from 11 to 17. The 
content of boreal specimens ranges from 0.3% to 
4.0% (average 2.4%). 

Many specimens of Elphidium excavatum 
clavata are remarkably small and flat. If a con­
nection between depauperation of Elphidium ex­
cavatum and salinity is assumed (e.g. Feyling-
Hanssen, 1964, p. 187), the salinity of the water 
into which zone 4 was deposited was probably 

less than full marine. There is about 10% shal­
low-water specimens in the upper three samples 
indicating moderate depth. The content of 
planktonic specimens is low except in sample 7B 
where they attain 7%. This sample is, however 
extremely poor in foraminifera, containing only 
100 benthonic and 8 planktonic specimens in 100 
g-

Zone 4 probably represents a stadial of an ice 

age. 

Zone 3 (Table 8) is represented by the samples 
14A, 13B and 12B. Its boundaries are placed at 
24 m and 19.7 m. A pronounced amelioration of 
marine climatic conditions is reflected by the 
foraminiferal assemblages of these samples — and 

Table 7, Zone 4 

Sample no. 8AA, depth 35.6 m, weight 90 g 

Species Percentage 

Elphidium excavatum (Terquem) 75 
Cassidulina reniforme Nørvang 22 
Nonion orbiculare (Brady) 1 
6 other species each accounting for less than 1% of the counted benthonic assemblage. 

Counted: 395 benthonic and 3 planktonic specimens = 1/5 of the sample. 
In the uncounted part occurred 3 additional benthonic species. 
Number of benthonic species:12. 
Number of benthonic specimens/100 g sediment: 2,200. 
Faunal diversity: 2. Faunal dominance: 75. 
% planktonic specimens: 1. 
Boreal element: 0%. 
Shallow-water element: 1%. 
Reworked specimens/100 g: 100. , 
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Table 8, Zone 3 
Sample no. 14A, depth 23.0 m, weight 70 g 

Species Percentage 

Elphidium excavation (Terquem) 
Cassidulina reniforme Nørvang 
Angulogerina angulosa (Williamson) 
Cassidulina laevigata d'Orbigny 
Islandiella norcrossi Cushman 
Elphidium albiumbilicatum (Weiss) 
Cibicides lobatulus (Walker and Jacob) 
Nonion orbiculare (Brady) 
Bulimina gibba/marginata 
Astrononion gallowayi Loeblich and Tappan 
Elphidium asklundi Brotzen 
Stainforthia loeblichi (Feyling-Hanssen) 
Buccella hannai (Phleger and Parker) 
Buccella tenerrima (Bandy) 
Hyalinea baltica (Schroeter) 
Cibicides refulgens Montfort 
Triloculina trihedra Loeblich and Tappan 
Nonion labradoricum (Dawson) 
Elphidium subarcticum Cushman 
Nonion barleeanum (Williamson) 
23 other species each accounting for less than 1% of the counted benthonic assemblage. 

Counted: 760 benthonic and 252 planktonic specimens = 1/18 of the sample. 
In the uncounted part occurred 19 additional benthonic species. 
Number of benthonic species: 62. 
Number of benthonic specimens/100 g sediment: 19,500. 
Faunal diversity: 22. Faunal dominans: 28. 
% planktonic specimens: 25. 
Boreal element: 20%. 
Shallow-water element: 8%. 
Reworked specimens/100 g sediment: 20. 

28 
26 

6 
5 
4 
4 
4 
3 
3 
2 
2 

at the same time a distinct climatic deterioration 
upwards through this unit. Boreal foraminifera 
account for 20% of the benthonic assemblage in 
sample 14A, 15% in 13B, and 13% in 12B. 
There are 62 different benthonic species in 14A, 
58 in 13B, and 54 in the uppermost sample of the 
zone, 12B. 

Characteristic boreal species of zone 3 are (cf. 
Table 3) Angulogerina angulosa, Cassidulina 
laevigata, Bulimina gibba/marginata and El­
phidium albiumbilicatum. Less frequent are 
Cibicides refulgens Montfort, Hyalinea baltica 
Schroeter and Nonion barleeanum (Williamson). 

Islandiella norcrossi (Cushman) becomes fre­
quent with this zone. Another frequent species is 
Cibicides lobatulus, represented by quite large 
specimens. Astrononion gallowayi is consistently 
present. 

Faunal deversity is very high, from 22 to 18, 
whilst faunal dominance is remarkably low, from 
28 to 37. This is indicative of favourable condi­
tions for foraminiferal life. 

A regression took place through the zone. 
Planktonic specimens make up 25% of the total 
assemblage in the lowest sample, 23% in the 
middle, and 17% in the upper sample. Except for 
the top sample of the boring, with its 63%, these 
are the highest percentages of planktonic 
foraminifera found in any of the investigated 
samples of the present boring. This infers a rela­
tively free connection with an open ocean during 
deposition of zone 3. This suggests that a consid­
erable water depth must have existed, probably in 
excess of 70 m. 

Zone 3 represents the end of an interglacial. A 
significant number of boreal species is still pre­
sent, but a larger number of colder water forms 
have already immigrated into the area. 

The warmer, climax faunas of this interglacial 
are not recorded in the present boring. A hiatus 
is, therefore, suggested between zone 4 and zone 
3. 

Zone 2 (Table 9) is represented by 11 samples, 
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Table 9, Zone 2 

Sample no. 4C, depth 3.2 m, weight 150 g 

Species Percentage 

Elphidium excavatum (Terquem) 73 
Cassidulina reniforme Nørvang 15 
Astrononion gattowayi Loeblich and Tappan 1 
Islandiella norcrossi Cushman 1 
Quinqueloculina stalkeri Loeblich and Tappan 1 
Nonion orbiculare (Brady) 1 
Stainforthia loeblichi (Feyling-Hanssen) < 1 
Nonion labradoricum (Dawson) 1 
26 other species each accounting for less than 1% of the counted benthonic assemblage. 

Counted: 584 benthonic and 4 planktonic specimens = 1/8 of the sample. 
In the uncounted part occurred 4 additional benthonic species. 
Number of benthonic species: 38. 
Number of benthonic specimens/100 g sediment: 7,000. 
Faunal diversity: 11. Faunal dominance: 73. 
% planktonic specimens: 1. 
Boreal element: 1%. 
Shallow-water element: 2%. 
Reworked specimens/100 g: 12. 

from no. 1 at 14.7 m to no. ID at 0.5 m. The zone 
boundaries have been placed at 19.7 m and 0.25 
m below sea floor. The position of the lower 
boundary is uncertain because of an unsampled 
interval of approximately 6 m between sample 
no. 12B of zone 3 and no. 1 of zone 2. 

As there was not room for all the samples of 
zone 2 in the range chart of fig. 4a, a detail of the 
upper part of the boring has been constructed and 
presented as fig. 5. 

Zone 2 reflects Arctic to High-Arctic condi­
tions. Elphidium excavatum clavata dominates 
the assemblages (49% to 74% and Cassidulina 
reniforme is subdominant (20% to 13%). Com­
mon accessory species are Nonion orbiculare, 
N. labradoricum, Elphidium asklundi and Astro­
nonion gallowayi. Stainforthia loeblichi (Feyl­
ing-Hanssen), Islandiella norcrossi and Buccella 
frigida are constantly present. 

The increasing faunal dominance may indicate 
increasing environmental stress upwards through 
the zone. The rich foraminiferal content of the 
upper samples may support this. It could be 
caused by a low sedimentation rate in a high-arc­
tic, frozen, environment with little influx of sedi­
ment-loaded melt-water. 

The boreal element is less than 3% in most of 
the samples. Only in sample 10B at 9.4 m, is it as 
high as 6%. Bulimina gibba/marginata occurs in 
this sample, and Elphidium albiumbilicatum at­
tains 4%. A high number of different species (49) 

and a high diversity (15) is found in sample 8B at 
7.4 m. Thus, a sligth amelioration may have 
occurred between 10 m and 7 m below sea floor. 

Planktonic specimens are practically absent in 
zone 2. The content of shallow-water species, 
such as Nonion orbiculare, Elphidium albium­
bilicatum, E. asklundi, E. bartletti Cushman and 
E. subarcticum decreases upwards through the 
zone, indicating a transgression from sample 1, at 
14.7 m. This transgression was temporarily in­
terrupted in sample 10B, at 9.4 m, and again in 
7CA, at 6.5 m. The shallow-water species Nonion 
orbiculare is frequent in sample 10B and El­
phidium subarcticum in 7CA. 

Zone 2 represents an ice age, and its upper part 
was deposited during a pronounced stadial of this 
ice age. 

Shell fragments of molluscs occurred in some 
of the samples of zone 2: Hiatella arctica (Linné) 
and Macoma calcarea (Chemnitz) at 14.7 m, 
Portlandia arctica (Gray) and Nuculana pernula 
(Muller) at 10.4 m, N. pernula, Yoldiella lenticula 
(Miiller), Macoma calcarea and Astarte elliptica 
Brown) at 9.4 m., again Portlandia arctica and 
Yoldiella lenticula at 6.5 m, and P. arctica, Y. 
lenticula and Nucula tenuis (Montagu) at 3.2 m. 

These species provide additional evidence of 
arctic sea temperatures, and the occurrence of 
Hiatella arctica, Macoma calcarea and Astarte el­
liptica in the lower part of the zone is commen­
surate with the foraminiferal data in suggesting 
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Table 10, Zone 1 

Sample no. 1A, depth 0.0 m, weight 200 g 

Species 

Textularia sagittula Defrance 
Cassidulina laevigata d'Orbigny 
Angulogerina angulosa (Williamson) 
Cassidulina obtusa Williamson 
Uvigerina peregrina Cushman 
Cibicides lobatulus (Walker and Jacob) 
Planulina bradyi Tolmachoff 
Hyalinea baltica (Schroeter) 
Stainforthia fusiformis (Williamson) 
Bulimina marginata d'Orbigny 
Cibicides bertheloti (d'Orbigny) 
Gavelinopsis praegeri (Heron-Allen and Earland) 
Cibicides refulgens Montfort 
Nonion orbiculare (Brady) 
11 other species each accounting for less than 1%. 

Counted: 250 benthonic and 420 planktonic specimens = 1/72 
In the uncounted part occurred 7 additional benthonic species. 
Number of benthonic species: 32. 
Number of benthonic specimens/100 g sediment: 9,000. 
Faunal diversity: 13. Faunal dominance: 29. 
% planktonic specimens: 63. 
Boreal element: 90%. 
Shallow-water element: 0%. 

shallower water conditions in the earlier part of 
zone 2. 

Zone 1 (Table 10) is represented only by the top 
sample, no. 1A, from the sea floor. Its benthonic 
assemblage contains 90% boreal specimens of 
species such as Textularia sagittula Defrance, 
Cassidulina laevigata, Angulogerina angulosa, 
and arctic or arctic-boreal species are almost 
absent. Characteristically there is a frequent 
occurrence of planktonic species, mostly 
Globigerina pachyderma and Globigerina bul-
loides d'Orbigny. They account for 63% of the 
total foraminiferal assemblage. 

The assemblage of sample 1A demonstrates 
environmental conditions — temperature, salinity, 
depth - as of the present day at the bore site (cf. 
Jarke, 1961). There is a low faunal dominance, 
quite a high faunal diversity and no shallow-water 
specimens. The total number of foraminifera per 
100 g sediment is high at 24,000 benthonic and 
planktonic specimens combined. This infers very 
slow or no sedimentation in the area. 

Correlation and age 

An attempt is made in the following section to 
correlate the microbiostratigraphical units of the 

Feyling-Hanssen: Quaternary foraminifera 

Percentage 

29 
28 
16 
5 
4 
4 
2 
2 
1 
1 
1 
1 
1 
1 

of the sample. 

present borehole with those already constructed 
for Borehole 2501 in the Statfjord C Field, ap­
proximately 11 km to the NNE of the present 
borehole (cf. Feyling-Hanssen, 1981). In doing 
so it should be kept in mind that the geological 
record of a North Sea boring such as the present 
one may not be complete. Uncomformities may 
occur at several levels and gaps in sampling leave 
parts of the sequence unrepresented. This may 
lead to misinterpretation and miscorrelation — 
even over small distances. 

Borehole 2501 in the Statfjord C Field was 
subdivided into 8 microbiostratigraphical units 
from R, youngest, to Y, oldest. Zone W, at 45 m 
to 56 m below sea floor, of that boring reflects an 
interglacial stage which was named the Statfjord 
Interglacial. It was correlated with the Eemian of 
northwestern Europe, and thus with Oxygen 
isotope Stage 5e of Emiliani (1955; cf. also 
Shackleton and Opdyke, 1973; Kellogg et al., 
1978). 

The Flandrian 

Zone 1 of the present boring, i.e., the uppermost 
sample of borehole 3506 correlates with zone R 
of boring 2501, which was also represented by 
the topmost sample. The benthonic assemblage 
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of both samples contained 90% Boreal speci­
mens, among them frequent Angulogerina an-
gulosa and Cassidulina laevigata. Planktonic 
foraminifera accounted for more than 60% of the 
total foraminiferal assemblage, benthonic plus 
planktonic. The number of different benthonic 
species was 32 in both samples. Textularia sagit-
tula was more important in zone 1 and Cibicides 
refulgens in zone R. The number of foraminifera 
per 100 g sediment was three times that of zone 1 
in zone R. 

Our present interglacial, the Flandrian or the 
Holocene, which covers approximately 10,000 
years, is thus represented by less than 20 cm of 
gravelly to silty sand (cf. sediment record p. 32). 
Immediately below this occurs stiff, silty clay with 
foraminifera of high-arctic habitat. In Borehole 
2501 in the Statfjord C Field the Flandrian is also 
represented only by a few centimetres of sand. 
Such poor representation of the Flandrian is 
known also from other North Sea boreholes (e.g., 
Holmes, 1977; Jansen and Hensey, 1981; Skin­
ner and Gregory, in press.). One may suspect 
earlier interglacials of the Quaternary to be equ­
ally poorly represented. Their sediments may 
therefore wholly or partly escape sampling in 
many North Sea boreholes. Thicker Flandrian 
deposits are known, however, and also deposits 
with assemblages of transitional character, be­
tween arctic and boreal environments (cf. Moyes 
et al., 1974; Nagy and Ofstad, 1980). 

Zone 1 is probably of Recent or nearly Recent 
age, very late Flandrian or very late Oxygen 
isotope stage 1. 

The Statfjord Interglacial 

Zone 3 of the present boring correlates with the 
upper part of zone W of boring 2501 in the 
Statfjord C Field, i.e., with the end of the 
Statfjord Interglacial. 

Except for the top zone with its Recent as­
semblage, zone 3 is the only unit of the present 
boring with a considerable amount of planktonic 
foraminifera, 25-17%. Sample 7B at 32.3 m 
contained 7% planktonic specimens. In all the 
other investigated samples of the boring this per­
centage is (often considerably) less than 5. 

In boring 2501 of Statfjord C the only unit, 
outside zone R, with a considerable amount of 

planktonic foraminifera is zone W and also the 
lower half of zone V. The maximum content in 
zone W was 21% (sample 23a at 52 m). Sample 
23b, just above, had also 21%, sample 22, at 48 
m, contained 16%, whereas in the lower sample 
of the overlying zone V only 10% of the total 
assemblage was made up of planktonic speci­
mens. The curve of planktonic percentages of 
zone 3 of boring 3506 thus seems to conform with 
the fall off of planktonic frequencies in zone W of 
boring 2501. Also the very high number of dif­
ferent benthonic species per sample correlate in 
the two zones. 

But optimal interglacial conditions are not re­
flected by the assemblages of zone 3. The content 
of boreal foraminifera amounts to 20% whereas 
in zone W of boring 2501 it reached 74%. 

Sanders (1960) introduced a simple method of 
comparing faunas. The lowest percentages for 
each species common to the two assemblages 
which are compared, are summed. This sum is the 
similarity index. A high value of this index shows 
a high degree of similarity, whereas a low value 
indicates little similarity. When the samples of 
zone 3 are in this way compared with the as­
semblages of zone W and V of boring 2501, the 
highest indices are found with sample 23a 
(84-86) and sample 22 (81-83) within zone W. 
When compared with the most ameliorated as­
semblage of zone W, with a boreal element of 
74%, the similarity is only 28-40, because the 
optimal part of the interglacial is not represented 
in zone 3. When the zone 3 assemblages are com­
pared with the two assemblages of zone V of 
boring 2501, the similarity indices are 73—79 and 
75-77. 

The closest correlation of zone 3 of boring 
3506 in the Statfjord B Field is thus with the late 
part of zone W of boring 2501 in the Statfjord C 
Field, i.e., zone 3 represents the end of the 
Statfjord Interglacial. 

This interglacial most probably correlates with 
Oxygen isotope stage 5e (cf. e.g., Shackleton and 
Opdyke, 1973; Kellogg et al., 1978) and with the 
Eemian of northwestern Europe (Feyling-Hans­
sen, 1981; Mangerud et al., 1979). 

From the Tartan Field farther south in the 
North Sea (58°22'N, 0°4'E). Jansen and Hensey 
(1981) describe a foraminiferal zone V, at 25-38 
m below sea floor, 17% of which is made up of 
planktonic specimens of which 12% are Orbulina 
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universa d'Orbigny. This zone is supposed to 
represent an interglacial »probably Eemian or 
older«. 

Skinner and Gregory (in press) correlate the 
upper part of an amelioration attributed to the 
Eemian of their I.G.S. Borehole 78/9 with the 
Statfjord Interglacial of Borehole 2501 in the 
Statfjord C Field. Their site is at Lat. 61°30.65'N; 
Long 0°49.78'E in 191 m of water and the upper 
leaf of their Eemian is 20 m below sea floor. 

They found relatively high percentages of 
planktonic specimens and quite large numbers of 
southern benthonic specimens. Two paleomag-
netic reversals, interpreted as the "Blake 
Paleomagnetic Event" occurred in these samples. 
This event is attributed to the Eemian Interglacial 
and thus supports the foraminiferal data. 

Zone 3 is comparable also to an ameliorated 
assemblage described by Lord (1980) from 16 m 
below sea floor of the Esso-Shell borehole A 4—2 
in the South Cormorant Field. Gregory (in Skin­
ner and Gregory, in press) noted the affinity of 
this assemblage with the top leaf of her Eemian 
assemblages in the above mentioned I.G.S. Bo­
rehole 78/9, and the present author, kindly affor­
ded by Dr. Alan Lord, had the opportunity to 
examine the 16 m assemblage of borehole A 4—2 
and can confirm its very close resemblance to the 
Statfjord Interglacial assemblage of sample 23b 
at 52 m of boring 2501 in the Statfjord C Field. 

Pre Eemian amelioration 

Zone 7 of the present boring correlates with zone 
Y of Borehole 2501 in the Statfjord C Field. Both 
units are characterized by the frequent 
occurrence of Nonion orbiculare and a firm re­
presentation of Cassidulina teretis. Bulimina gib-
ba/marginata is quite common and so is El-
phidium albiumbilicatum. These zones represent 
a firm amelioration in the climatic development 
of the Statfjord area. 

The underlying zone 8 of the present borehole 
reflects a cold spell, represented only by one 
sample (19A), whereas zone 9 is again distinctly 
ameliorated. Correlatives of zone 8 and 9 are not 
represented in boring 2501, which terminated in 
zone Y. 

This mild interval, zone 7 and zone Y, is in 

both borings separated from the Eemian (5e) 
amelioration by an interval with high-arctic 
foraminiferal assemblages reflecting severe ice 
age conditions. We thus have indication of an 
ameliorated period prior to the Eemian and be­
fore at least one full glacial period (or the 
sedimentary record may not be complete). Zone 
7-9 and zone Y could belong in an early part of 
the Pleistocene. Cassidulina teretis and scattered 
specimens of Elphidiella hannai and even of 
Cibicides grossa occur in zone 7 and these species 
are known mainly from the Lower Pleistocene 
and Upper Tertiary (Feyling-Hanssen, 1980). 
However, the two latter species are most prob­
ably reworked, and Cassidulina teretis does occur 
also in younger parts of the Pleistocene - even in 
Recent deposits (Feyling-Hanssen, 1980). 

It would seem tempting to correlate this 
warmer interval with a classical pre Eemian in­
terglacial such as the Holsteinian of Northwest 
Europe. But it is the impression at the author that 
the amelioration was not strong enough for such a 
comparison. The percentages of boreal specimens 
in zone 7—9 and zone Y are never as large as in 
zone 3 and zone W and come nowhere near the 
levels of the present day, zone 1 and zone R. 
There is further no rise in the content of 
planktonic specimens. Conversly, the percentage 
of shallow-water specimens stays remarkably 
high. 

Correlation with one or more of the numerous 
Northwest European on-shore findings and units 
in this part of the Quaternary history will prob­
ably have to wait until more is known of the 
North Sea history. A comparison with the deep 
sea oxygen isotope stratigraphy should, however, 
be possible. 

The isotope record shows (e.g., Shackleton and 
Opdyke, 1973, p. 48) that the peaks of stage 7 do 
not reach the level of stage 5e. Even the record of 
stage 1 (the Holocene) protrudes above those of 
stage 7. Only a moderate rise in sea level 
occurred during stage 7 (I.e., p.50). Thus the 
amelioration did not reach such interglacial levels 
as it did in both stage 5e and stage 1. 

A smilar picture is revealed by the charts and 
diagrams of the two Statfjord borings. It is 
suggested that zone 7 of boring 3506 and zone Y 
of boring 2501 correlate with oxygen isotope 
stage 7. 

Stage 7 is sharply broken by a low reading in its 
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middle part "apparently by a substantial ice ac­
cumulation" (Shackleton and Opdyke, 1973, 
p.50). This is registered in many deep sea cores, 
e.g., also in V28-56 in the Norwegian Sea (Kel­
logg et al., 1978). It might well be that the cold 
spell reflected by zone 8 compares with the break 
in stage 7, and that zone 9 correlates with the 
earlier part of oxygen isotope stage 7. In this case 
zone 9 should be approximately 250,000 years 
old — if not a hiatus occurs between zone 7 and 
zone 6. 

Ice age layers 

More than one half of the present boring was 
deposited during ice ages. 

Zone 4 and zone 6 which in the present 
borehole is situated between the ameliorated 
zone 7 and the ameliorated zone 3 correlates with 
zone X which in Borehole 2501 in the Statfjord C 
Field separates the ameliorated zone Y from the 
Statfjord Interglacial, zone W. A warmer interval 
corresponding to zone 5 of the present borehole, 
is not found in zone X of Statfjord C. 

Similarity indices are as high as 80-90% be­
tween zone 4 of the Statfjord B boring and the 
upper part (nos. 25-28) of zone X of the 
Statfjord C boring. They are again high between 
zone 6 of Statfjord B and the lower part (nos. 
29-30) of zone X of Statfjord C (81-83%). Ei­
ther an unconformity occurred at 66—67 m below 
sea floor in boring 2501 — or the level of an ame­
lioration corresponding to zone 5 was not sam­
pled in that borehole. 

If the correlation with the deep sea oxygen 
isotope stages outlined above, is accepted, the 
high-arctic zones 4 and 6 of the present boring 
and likewise the high-arctic zone X of boring 
2501 in the Statfjord C Field would correlate with 
the glacial oxygen isotope stage 6 - if this part of 
the North Sea was at all covered by sea during 
that very cold period. 

The oxygen isotopic record of core V28-238 
(Shackleton and Opdyke, 1973, fig. 9) shows an 
ameliorated oscillation in the lower middle part 
of stage 6. It could form a pleasant counterpart to 
the ameliorated spell of zone 5 of the present 
borehole. This oscillation does not show up in the 
oxygen isotope diagram of core V28—56 in the 
Norwegian Sea (Kellogg et al., 197.8). 

Compared with classical units, zones 4 and 6 of 
boring 3506 and zone X of 2501 represent parts 
of the complex Saalian, and zone 5 could belong 
to an interstadial during that period. 

Zone 2 of the present borehole has more in 
common with zone U of boreholde 2501 in the 
Statfjord C Field than with zone T. These units 
were both considered to be of Weichselian age, 
zone U representing an early cold phase and zone 
T a middle part, on a general scale stretching 
from approximately 50,000 BP to 25,000 BP 
(Feyling-Hanssen 1981). Interpreted this way, 
zone T includes the slightly ameliorated middle 
Weichselian Sandnes Interstadial (Feyling-
Hanssen, 1971; 1974). 

The quite high frequencis of Islandiella nor-
crossi and Nonion labradoricum, characteristic of 
zone T are not found with assemblages of zone 2 
of the present boring. The percentage of boreal 
specimens is also generally lower in zone 2 than 
in zone T, proportions reaching 5% only in one 
sample. The very low content of planktonic 
foraminifera and the high faunal dominance is, on 
the other hand, found in zone U of the Statfjord 
C boring. 

If this is the case, zone 2 would be Lower 
Weichselian in age and the Middle and Upper 
Weichselian would be lacking in the present 
borehole. Zone 2 would then correlate with 
oxygen isotope stage 4. The high content of shal­
low-water specimens, particularly in the lower 
parts of zone 2, does not, however, occur in zone 
U of boring 2501. 

Another possibility is that zone 2 is younger. It 
may be that the lower part of zone 2 reaches back 
into zone T of 2501 and that its upper, particu­
larly the upper three samples of the zone, with an 
extremely high dominance of Elphidium ex-
cavatum clavata, continues into the very cold 
main Weichselian. This part would then correlate 
with the very thin zone S af boring 2501. 

Compared with the oxygen isotop stages, the 
lower part of zone 2 would thus belong in a late 
part of stage 3 whereas its upper part, approxi­
mately from 4.0 m to 0.25 m below sea floor, 
would belong to stage 2. 

In this part of the core we are probably within 
the reach of C14 dating and guidance may be 
found that way. 
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Fig. 6. Correlation between the biostratigraphical units of Borehole 3506 in the Statfjord B Field and the biostratigraphical units of 
Borehole 2501 in the Statfjord C Field (Feyling-Hanssen, 1981), and tentative correlation of these units with the oxygen isotope 
stages and ages of the Pacific core V28—238, redrawn from Shackleton and Opdyke, 1973. 

The non-marine deposit 

Zone 11, with no, or only reworked, foraminif-
era, is supposed to represent non-marine delta 
deposits, maybe of an infilled channel. Seismic 
investigations seem to indicate the presence of a 
channel in the lower part of boring 3506 (written 
communication, Tor Løken, 1979, cf. Sissons, 
1981). This part of the boring may thus have 
been deposited during a significantly low sea 
level, which might have occurred during the ex­
tremely cold oxygen isotope stage 8 (Shackleton 
and Opdyke, 1973). The infilling of such a chan­
nel could have taken place towards the end of the 
cold period with rising sea level — which lead into 
the marine environment reflected in zone 10. 

Attempts at correlating the units of the present 

boring with those of other borings in the Quater­
nary of the North Sea (e.g. Løfaldli, 1973; 
Løken, 1976; Holmes, 1977; Hughes et al., 
1977; Gregory and Harland, 1978; Harland et 
al., 1978; Bue and Løken, 1979; Feyling-Hans­
sen, 1979; Nagy and Ofstad, 1980) have not been 
made. Too many details about the foraminiferal 
assemblages are lacking. 
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Dansk Sammendrag 

Uforstyrrede prøver fra den 122 m dybe boring 
3506 i Statfjord B Feltet i den nordlige Nordsø 
indeholdt velbevarede og rige foraminifer-sel-
skaber, hvorved det var muligt at inddele 
boringen i 11 biostratigrafiske enheder. De fleste 
af disse repræsenterer istidsforhold, nogle af sta-
dial, nogle af interstadial karakter. Zone 3 
(24,0-19,7 m under havbunden) repræsenterer 
slutningen af Statfjord Interglacialen, beskrevet 
fra en tidligere undersøgt boring, 2501, i 
Statfjord C Feltet, og således slutningen af Eem 
Interglacialen. Boringens zoner er forsøgt kor­
releret med tidligere etablerede ilt isotop stadier i 
dybhavskerner. Således er zone 9 og 7, som inde­
holder en del varmekrævende 
foraminifer-faunaer, og den mellemliggende zone 
8, forsøgsvis korreleret med ilt isotop stadie 7. 
Hvis dette er rigtigt, skulle boringens zone 9 være 
omtrent 250.000 år gammel. Den nederste del af 
boringen, zone 11, synes at bestå af non-marine 
deltaaflejringer. 
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