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Abstract 

The marin e Weichselian deposits at N0rre Lyngby are subdivided into four 
assemblage zones based on the content of benthonic foraminifera. 

The lowermost zone, the Bulimina marginata-Buccella frigida zone, is 
correlated with the upper part of the Older Yoldia Clay of Yendsyssel and 
inferred to be of Middle Weichselian interstadial age. 

The Elphidium subarcticum zone is correlated with the Lower Saxicava 
Sand and the Elphidium excavatum zone with the Younger Yo /dia Clay of 
Vendsyssel. The£. subarcticum zone is found to be a sandy facies within the 
lower part of the £. excavatum zone at N0rre Lyngby. The foraminiferal 
faunas of these two zones indicate mainly artic climatic conditions. Radiocar
bon dates show that the£. subarcticum zone and also a major part of the£. 
excavatum zone belong to late Middle Weichselian. 

The uppermost zone, the Elphidium albiumbilicatum zone, is correlated 
with the Upper Saxicava Sand. The foraminiferal faunas in this zone seem 
to indicate an amelioration in climate, and the deposit might represent the 
Late We ichse li an 80lling interstadial. 



Introduction 

Historical 

Marine deposits in Vendsyssel containing arctic fa unas were mentio ned as 
earl y as 1828 by Pingel. Later Johnstrup (1882) described the molluscs in 
»undisturbed Yoldia Clay« at the locality of N0rre Lyngby (fig. 1) , and 
Madsen (1895) ment io ned a few forami nifera from that deposit. More de
ta iled descriptio ns of the mari ne sediments at N0rre Ly ngby were given by 
Jessen in 1899, 1918, 1931 and 1936. J essen suggested that the deposits were 
of La te-glacial age, deposited in the Yoldia Sea, which transgressed the area 
during the We ichse li an deglaciat ion. H e fo un d that the marine deposits in 
many parts of Vendsyssel co nsisted of three un its, the Yoldia Clay itse lf and 
the two sha llow wa ter deposits, the Lower Saxicava Sand below and the 
Upper Saxicava Sand above the clay. 

Beca use o f isos tatic adjustments of the a rea aft er the latest glaciatio n, these 
marine sedim ents now appear above sea level, and the surface of marine 
La te-glacial deposits fo rm s the Yoldia pla in s. T hese pl ain s surro und the 
highe r glacia l highl ands, which are co mposed mainl y of glacial deposits bu t 
also of o lde r marine sediments. 

Jessen (1 936) described two diffe re nt types of the Yo unger Yoldia Clay in 
Vendsysse l. In the northern and eastern part the clay is rich in foss il s, and its 
deposition pres um ably took place under normal marine conditions. In the 
southern and south-weste rn part of Ve ndsyssel the clay is nearly unfoss ili
fero us and is supposed to have been deposited in a brackish or even in a 
freshwater environment. H e assumed these different ecological conditio ns to 
be ca used by di ffe rences in meltwater supply from the melting ice cap to the 
areas of deposition. 

T he co ntent of arctic mo lluscs led S. H ansen (1965) to pl ace the Lower 
Saxicava Sand and the Yo unger Yoldia Clay of Vendsyssel in po llen zo ne I a 
(O ldes t Dryas, acco rding to Ive rse n 1942), and he also co nside red the Upper 
Saxicava Sa nd to be of O ldes t Dryas age. La ter Krog (1968) and Krog & 
Ta uber (1974) corre lated the Lower Saxicava Sand and the Younge r Yoldia 
Clay chro no logica ll y with Da niglac ia l tim e and po llen zo ne I a, and they 
prese nted radiocarbon dates fro m these deposits (see a lso Ta uber 1966 a, 
1966 b) . The re a re no radiocarbon da tes, which can with cert ainty be refe r-
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red to Upper Saxicava Sand, but this unit is usually considered to belong to 
Oldest Dryas time (Krog 1968, Krog & Tauber 1974). 

Foraminiferal faunas from marine Late-glacia l deposits of different locali
ties in Vendsyssel were earlier described by J0rgensen (1971) and Kn'udsen 
(1971) , and Miche lsen (1967) described foraminiferal faunas from corre
sponding deposits on the island of La:s0 east of Vendsyssel. 

Material and methods 

Samples for the present investigation were collected partly from the coastal 
cliff at N0rre Lyngby and partly from borings on the beach at the foo t of the 
cliff and in the adjacent area east of the cliff (figs. 2 and 3). 
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The borings were made with a 54 mm piston sampler (described by Knud
sen 1973), by which almost continuous cores were obtained. The short inter
vals between the cores are indicated in the diagrams for each of the borings. 

For foraminiferal analysis samples of about 100 g dry weight were treated 
in the laboratory, mainly as described by Feyling-Hanssen (1958) and by 
Feyling-Hanssen et al. (1971) , using sieves with mesh diameters 1.0 and 0.1 
mm . The foraminifera were concentrated by floatation with an ethylene bro
mide/ absolute alcohol solution with specific gravity l.75 g/ccm . It was at
tempted to count at least 300 specimens from each sample . The quantitative 
analyses of the faunas are summarized in range charts except for a few ones, 
which are only bri efly described in the text. As an aid in inte rpreting the 
palaeoenvironment , a measure for the fauna! diversity , as defined by Walton 
(1964) , is given in the range charts. This measure indicates the number of 
ranked species in a counted assemblage, whose cumulative percentage ac
counts for 95% of the total fauna. 

Stratigraphic terms 

The foraminiferal »zo nes « described in the present work are assemblage 
zones, according to the definition given by H edberg (1976) . The term »zone« 
is used for the purpose of brevity. 

In discussions and correlations the generally used stratigraphic terms Older 
Yoldia Clay, LowerSaxicava Sand, Younger Yoldia Clay and UpperSaxicava 

-0 

a':: 
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um su barct icum zone (Lowe r Saxicava Sand) 
vatum zone 
10 marginata - Buccella frigida zone ( Older Yoldia Clay) 
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Sand (J essen 1918, 1936) are maintained, in spite of the fact that they are 
combinations of biostratigraphical and Iithostratigraphical terms. In the pre
sent work the term Late-glacial is not used synonymous with the chronostra
tigraphical term Late Weichselian , but as a local environmental term for the 
deglaciation period, as used by Jessen (1918, 1936). 
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Cliff Section and Borings 

The deposits of the coastal cliff at N0rre Lyngby consist partly of marine clay 
and sand, partly of freshwater sediments. In the cliff section (fig. 3) the 
surface of the marine deposits forms a depression , which is about 200 m wide 
and 15m deep. This basin structure is filled up with a complex series of 
freshwater deposits, which have been described by i.a. Jessen & Nordmann 
(1915), Iversen (1942) , Krog (1978) and M. R. Hansen (in prep.). 

Foraminiferal faunas from a series of vertical profiles through the marine 
deposits in the coasta l cliff at N0rre Lyngby have been analysed. Four of 
these profiles and four of the eleven borings in the area are described below. 

Profile 2 

Profile 2 is located about 100 m south of the centre of the freshwater basin 
(fig . 3). Lithology, grain size distribution and percentage distribution of se
lected species of foraminifera in profile 2 are shown in fig . 4. In the lower part 
of the profile , the sediments consist of clay and sanely clay with thin layers 
and lenses of sand . At about 11.0 m above sea level there is a sharp change to 
a sandy sequence above. The upper c. 2 cm of the cl ay is wethered and 
contains a few pebbles and shell fragments , suggesting a local break in sedi
mentation. 

The foraminiferal faunas of the clayey sequence (samples no. 1-8) are 
characterized by very high dominance of Elphidium excavatum, form a clava
ta, which accounts for 78-95% of the total faunas . Cassidulina crassa varies 
from 2 to 6% , and Elphidiurn albiumbilicatum increases from less than l % in 
the lower samples to 7 % in samples 7 and 8. Elphidiurn subarct icum occurs 
in all the samples, but usually with frequencies not higher than 1 % . Acces
sory species are Bulimina marginata, lslandiella norcrossi, Elphidiurn ask Lun
di, Buccella frigida and a few others. The fauna! diversities of th ese assem
blages are usually only 2-4 with a maxim um of 6. The foram iniferal faunas in 
these samples represent an assemblage zone, which is here called the Elphi
dium excavaturn zone. 
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Fig. 4. Range chart for profile 2 from the cliff section. Legend for lithology in fig. 3 and for 

foraminiferal fr equencies in fig. 6. 

In the samples no. 9-13 from the sandy sequence of profile 2 Elphidium 
excava1um, forma clavata is still the dominant species, but the frequencies are 
lower (37-56 % ) than in the samples of the underlying clay. Elphidium 
albiumbilicatum is second in number with 20-31 % of the total faunas, and 
Bulimina marginata, Cassidulina crassa, Elphidium asklundi and E. subarcti
cu111 are common. These faunas are characterized by the high content of the 
species E. albiumbilicatum, and also by higher fauna! diversities than the E. 
exca vatum zone faunas. The present assemblage zone is here called the El
phidium albiumbilicatum zone. 

The marine sequence of profile 2 is overlain by a non-marine sequence of 
sand covered by a thin humus layer (soil) at about 15.8 m above sea level. 
Aeolian sand occurs at the top. 
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Fig. 5. Range chart for profile 4 from the cliff section. Legend for lithology in fig. 3 and for 

foraminiferal frequencies in fig. 6. 

Profile 4 

South of profile 2 the coastal cliff mainly consists of horizontally stratified 

clay containing foraminiferal faunas as described from the lower part of 

profile 2 . The deposit thus represents the Elphidium excavatum zone. At a 

distance of about 400 m south of the centre of the freshwater basin (fig. 3) 

the clay starts dipping to the south and is again covered by a sandy deposit of 

variable thickness. The foraminiferal faunas show that this sand represents 

the Elphidium albiumbilicatum zone , which was described from the upper 

part of profile 2 . Contrary to profile 2 there is a gradual transition between 

clay and sand in this southe rn part of the cliff section. The upper part of the 

clay deposit contains an increasing number of sandy and silty layers of < 1 to 

5 cm thickness, and the lower part of the sandy sequence usually contains a 

few layers of clay and sandy clay. 

A series of samples for foraminiferal analysis (profile 4 , fig. 3) was collect

ed from the lowermost part of the coast cliff about 4 70 m south of the centre 

of the freshwater basin, and about 160 m north of a ramp leading to the 

beach from the village of N0rre Lyngby. The lithology and the distribution of 

selected species of foraminifera are shown in the range chart, fig. 5 . The 
sediment is sandy clay in the lowermost part of the section , grading into a 

sand deposit of about 1 m thickness. At about 1.5 m above sea level there is a 

sharp change in sediment to clay containing a few thin sandy layers and 
lenses. 
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The foraminiferal faunas from the clayey parts of the profile, i.a . the low
ermost and of the uppermost sample (no. 1 and no. 7) have high dominances 
of Elphidium excavatum, forma clavata, and Cassidulina crassa is second in 
number. Sample no . l conta ins few other species, and its fauna! diversity is 
on ly 2. T he uppermost sample (no. 7) has a higher content of accessory 
species, i.a. Bulimina marginata, lslandiella norcrossi, E lphidium albiumbili
catum and Buccella frigida, and its fauna! diversity is 6. T he faunas in this 
upper and lower part of the sequence are characteristic of the Elphidium 
excavatum zone, and this assemblage zone is found to cont inue in the upper 
part of the cliff sect ion , above sample 7 in profile 4 . T he thickness of the E. 
excavatum zone is here about 8-10 m. 

In the sand deposit, represented by samples 2- 6, the frequency of Elphidi
um excavatum, forma clavata is lower (38-61 % ). Cassidulina crassa gradu
ally becomes less frequent than in the clayey deposits , whereas some other 
species are rather common in these samples, viz., Elphidium asklundi (2-12 
%), E. albiumbilicatum (4-15 %), E. subarcticum (6-27 %) and Protelphidi
um orbiculare (1-3 %). The fauna! diversity varies from 6 to 9. The assem
blage zone represented by these five samples in profile 4 is here cal led the 
Elphidium subarcticum zone. T his zo ne th us occurs within the lower part of 
the Elphidium excavatum zone in profile 4. 

Profile 1 and boring III 

T he samples of profile l were collected about 55 m south of the ce ntre of the 
freshwater basin (fig. 3). The lithology and the distribution of se lected species 
of foraminifera are shown in the range chart, fig. 6. The foraminiferal faunas 
of samples 1-10 in profile 1 are dominated by Elphidium excavatum, forma 
clavata (38-70 %). Cassidulina crassa and Elphidium albiumbilicatum are 
freq uent , accounting for 11-25 % and 2- 36 % of the faunas respectively. 
The most common accessory species are Bulimina marginata, lslandiella 
norcrossi, Elphidium asklundi, E. albiumbilicatum, Protelphidium orbiculare 
and Bucce//a frigid a. The fauna! diversity varies from 4-11 and the number of 
specimens is usually less than 500 per 100 g sediment. These faunas are 
characterist ic of the Elphidium albiumbilicatum zone, and the deposit corre
sponds to that of the upper part of the marin e sequence of profile 2, about 45 
m fart her south (fig. 3). The specimens of foram ini fera in sam ples 11 and 12 
of profile 1 are worn and etched, and are presumably reworked . 

In order to invest igate the continuation of the marine seq uence at this 
locality, boring III was made on the beach just below profile 1, at the foot of 
the coastal cliff. The lithology and foramin iferal content of samples from the 
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boring are given in a combined range chart for profile 1 and boring III (fig. 
6) . The upper part of boring III consists of sand with Elphidium albiumbili
cwum zone faunas down to about 3 m below sea level , i.e. samples no. 23-31. 
There is a gradual change in sediment from this sand with a few thin layers of 
clay in the upper part of the boring through a series of alternating layers of 
sand and clay to clay with a few thin layers and lenses of sand. The clayey 
series, has a thickness of about 7 m (samples no. l 2-22) and contains forami
niferal faunas similar to those characterizing the Elphidium excavatum zone 
of profile 2, with very high dominances of Elphidium excavatum, forma cla
vata. 

Below the clay (the Elphidium excavatum zone) is a sandy layer with 
foraminiferal faunas characterized by relatively high frequencies of Elphidi
um subarcticum . In the four samples (no. 8-11) from that layer E. subarcti
cum accounts for 5-34 % of the total fauna , whereas Elphidium excavatum, 
forma clavata is still the dominant form comprising 45-63 % of the fauna . 
Other frequent species are Cassidulina crassa (4-18%), Elphidium asklundi 
(2-9 % ), E. albiumbilicatum ( 1-1 1 % ) and Protelphidium orbiculare ( 1- 2 
% ). This is the characteristic composition of faunas in the Elphidium subarc
ticum zone as described from profile 4, about 400 m to the south. The 
succession of faunas in the present sandy sequence corresponds closely to 
that of samples 2-6 in profile 4. Below this sandy sequence of boring III there 
is another clayey layer (samples 6 and 7) containing foraminiferal faunas 
typical of the E. excavatum zone. The sandy sequence, the E. subarcticum 
zone, thus appears to be a sandy facies within the lowermost part of the clay, 
the E. excavatum zone, as in profile 4. 

The sediment of the lowermost 1.2 m of boring Ill consists of light ol
ive-grey fine sand with some layers of clayey sand.The samples 1-5 from this 
deposit contain foraminiferal faunas characterized by very small but well 
preserved specimens, indicating a primary position and accordingly a marine 
formation . The foraminiferal faunas are dominated by the two species Elphi
dium excavatum, forma c/avata (50-56 %) and Cassidulina crassa (32-38 
% ). Accessory species are Bulimina marginata, Buccella frigida, Prote/phidi
um orbiculare, Elphidium albiumbilicatum, lslandiel/a norcrossi, Nonion la
bradoricwn and Virgulina loeb/ichi. The fauna) diversity varies from 5 to 9, 
and the number of specimens per I 00 g sediment from 50 to 1400. These 
faunas represent an assemblage zone, which is here called the Bulimina mar
ginata-Buccella frigida zone. 
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Boring I 

The site of boring I is about 20 m south of the centre of the freshwater basin 
(fig. 3) . The boring was made on the beach just below the cliff section . It was 
12.9 m deep and through the whole sequence the sediment consisted of light 
olive-grey fine sand with scattered thin layers of olive-grey clay. The litholo
gy, the grain size distribution and the percentage distribution of selected 
species of foraminifera are shown in fig . 7. 

The foraminiferal faunas of the 34 analysed samples from boring I were 
rather uniform with Elphidium excavatum, forma clavata, E. albiumbilicatum 
and Cassidulina crassa as the three dominant species. Common accessory 
species are Bulimina marginata, Islandiella norcrossi, Elphidium asklundi, E. 
subarcticum, Protelphidium orbiculare and Buccella frigida. This fauna! com
position indicates that the whole sequence of boring I belongs to the Elphidi
um albiumbilicatum zone. The lower boundary of the zone was not reached at 
12.0 m below sea level at the locality. As the upper boundary was found in 
the cliff at about 2 m above sea level , the thickness of the E. albiumbilicatum 
zone at boring I is at least 14 m. 

Profile 3 

The marine deposits, which mostly occur below sea level at boring I, are 
again found at a high level in the cliff section north of that boring (fig. 3). The 
marine deposits are considerably disturbed in this part of the cliff. A series of 
samples from profile 3 in the cliff section, about 55 m north of boring I, was 
analysed for the content of foraminifera. Three samples from the lower clay
ey sand and silt of profile 3 contained from 360 to 540 specimens of small but 
well preserved foraminiferal tests per 100 g sediment. One of these samples 
contained the fauna listed on p. 19 in 110 g sediment. 

The fauna) diversity is 7 and the number of specimens 440 per 100 g sedi
ment. This composition of fauna is similar to those found in the lowermost 
part of boring III below the E. excavatum zone and the E. subarcticum zone, 
and the present deposit belongs to the Bulimina marginata-Buccella frigida 
zone. 

Lying above the clayey sand and silt in profile 3 is an olive-grey clay with 
thin layers and lenses of fine sand. This clay contains foraminiferal faunas 
similar to those in the £ . excavatum zone of the area. They have very high 
dominances of Elphidium excavatum, form a clavata (92-99 % ). Cassidulina 
crassa is second in number, and the fauna! diversities are 1-2. The E. exca-

I 8 D .G.U. II. rk . nr. 112 



None Lyngby, profile 3 (spl. no. 3). Coll. Knudsen, 1974. 

Species Frequency Pe rce ntage 

Elphidium excavatum, forma clavata 261 54 
Cassidu/ina crassa 160 33 
Elphidium albiumbilicatum 12 3 

Bulimina marginata 11 2 
Nonion labradoricum 7 

Bucce/la frigida . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Protelphidium orbiculare 
Virgulina loeblichi . 
Fissurina sp. . ....... . .. . . . . .. . . .... . . . . . .. ... . .... . . . . ... . 
Trifarina fluens . . . . . . ...... . ... . . . . . . . . .. . 
ls/ancliella norcrossi 
Epistomine/la takayanagii . 
Buliminella elegantissima 
Elphiclium magellanicum 
Ammonia batavus 
Indeterminate specimens 

Total 

5 
4 

3 

3 
2 
2 

480 

< 1 
< l 
< ] 

< l 

< 1 
< 1 

vatum zone is only up to 5 m thick in this northern part of the cliff, and as 
mentioned these layers are disturbed . 

From about 10 m to about 30 m south of profile 3 in the cliff the B. 
marginata-B. frigida zone and the E. excavatum zone are overlain by a tilted 
unit of sand (fig. 3), in which the beds dip steeply southwards. Foraminiferal 
analysis of samples from this deposit show that it belongs to the E. albiumbi
licatum zone . The sedimentary structures of both the marine and the fresh
water deposits at the locality will be further discussed by M. R. Hansen (in 
prep.) . 

North of profile 3 the marine deposits overlie glaciofluvial sand and clay, 
and gradually these fluviatile sediments make up most of the cliff section (the 
diluvial sand and clay of Jessen 1931). The glaciofluvial deposits contain 
some foraminifera , but they are usually poorly preserved, and large robust 
forms seem to be overrepresented . These foraminiferal tests are therefore 
considered reworked. 
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Borings east of the coastal cliff 

Boring IV is loca ted about 125 m ESE of boring I (fig. 2). The bore site li es c. 
15.0 m above sea level , and the depth of the boring is 14.5 m. Lithology and 
distribution of selected species of foraminifera are shown in fig. 8. The for
aminiferal analyses show that the lowermost 6 m of boring IV consist of 
marine deposits . There is a gradual change in sediment through the marine 
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Fig. 8. Range chart for boring IV at Norre Lyngby. Legend for litho logy in fig. 3 and for 
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seq ue nce from a sandy clay in the lowermos t part to a sandy deposit with 
scattered thin cl ay layers in the major part of the seq uence. The lower sandy 
clay contains fo ra miniferal faunas, which are characteristic for the £. exca
vatum zone of the area. There is a ve ry high dominance of E. excavatum, 
forma clavala in samples from thi s lowe r de posit. T he content of E. albiumbi
licatum in the fa un as gradua ll y increases from 4 % in the lowermost sample 
to 16- 45 % in samples 3-13 , indicating that these represent th e E. alb iumbi
licatum zone of the a rea. 

The marine seq ue nce in boring IV is overlain by 8 .5 m of freshwater 
sedime nts. T here are a few foram inifera in the samples 14-20, but they are 
bad ly prese rved and are considered to have been redeposited. 

Boring XI is located about 700 m east of boring I (fig. 2). The bo re site li es 
c. 14.5 m above sea level and the depth of the boring is 8.0 m. Lith o logy and 
distribution of se lected species of fora minifera a re shown in the range chart, 
fi g. 9. The fora minifera l content in the lower 2.5 m of bo rin g XI shows th at 
th ese are ma rin e de pos its. The lower part is refe rred to the B. marginata-B. 
frigida zone, whereas th e uppe r part re presen ts the E. excavatum zone and 
th e £. albiw11bilica1um zo ne . The marin e seque nce in the boring is overlain 
by about 5 m freshwater sediments. 

As shown on the loca tion map, fig. 2, seven add itional borings were ca rri ed 
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out north of borings IV and XI. Three of them only contained freshwater 
deposits, but the four borings in the northeastern part of the area contained 
glaciofluvial deposits and marine si lt and sandy clay below the freshwater 
sediments. O nly the Bulimina marginata-Buccella frigida zone was repre
sented here. 
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Foraminiferal zones 

Description , palaeoecology and distribution 

The Bulimina marginata - Buccella frigida zone 
The foraminiferal asse mblages of this zo ne are dominated by the two species 
Elphidium excavatum, forma clavata and Cassidulina crassa. The most com
mo n and characteristic accessory species a re Bulimina marginata, Buccella 
frigida, Nonion labradoricum, lslandie!la norcrossi, E/phiclium albiumbilica
rum, Protelphidium orbiculare and Virgulina loeblichi. The fauna! diversity is 
usuall y 5-8 a nd the number of specimens only about 200-700 per 100 g 
sediment. The foraminiferal faunas of this assemblage zone are mainly arc
tic, but with a content of so me borea l species . 

The sediment of the B. marginata-8. frigida zone co nsists mainly of clayey 
silt o r fine sand, but in some places also of sandy clay. This assemblage zone is 
fo und in the deeper parts of borings III and XI and also in some borings in 
the northeastern part of the area exa mined. The deposit occurs in the north
e rn part of the cliff sect ion below the £. excavatum zone. The thickness of 
the zone is not known. 

The Elphidium subarcticum zo ne 
The foraminiferal faunas of this assemblage zone are dominated by Elphidi
um excavatum, forma clavata. Frequent species a re Cassidulina crassa, El
phidium subarcticum, E. albiumbilicatwn , E. asklundi and Protelphidiwn or
biculare. T he high content of E. subarcticum is particularly characteristic of 
this zone. T he faunal diversity varies from 5 to 8 . An assemblage from the£. 
subarcticum zone is shown in plate 6, fi g. 2. The faunas are sha llow-water 
faunas indicat ing mainly arctic marine ecological conditions. However, the 
presence of £. a/biumbilicatum in the faunas may ind icate that the climate 
was not high-arct ic . 

The sed im ent of the present zone is mainly sa nd . It is found in boring III 
and in profile 4 of the N0 rre Lyngby area , and the thickness is on ly abou t I .5 
m. ln both loca lities the zone is claye y in its lower part , and it occurs within 
the E. excavatum zone. 
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The Elphidium excavatum zone 
The foraminiferal faunas of the E. excavatum zone are characterized by very 
high dominance of the arctic form Elphidium excava1um, forma clavata, 
usually accounting for more than 85 % of the total fauna . Cassidulina 
crassa is second in number and in most of the faunas there are a few speci
mens of Nonion labradoricum, Bulimina marginata, Elphidium asklundi, E. 
albiumbilica1um and E. subarcticum. The fauna! diversity is generally only 
1-2 , which is much lower than for the other assemblage zones of the area. An 
assemblage from the E. excava/um zone is shown in plate 6, fig. l. 

The faunas of the E. excava/um zone are arctic and the low fauna I diversity 
indicates extreme marine ecological conditions. According to G. Vilks (pers. 
com.) the faunas are similar to recent foraminiferal faunas in stagnant basins 
of the arctic seas north of Canada, and according to J. Nagy (pers. corn.) 
corresponding recent faunas are also recorded from sheltered lagoonal areas 
of Spitsbergen . During deposition of the E. excavatum zone at N0rre Lyngby 
the water was probably deeper then during deposition of the£. subarclicum 
zone, but more stagnant marine conditions might have been of greater im
portance for the difference in fauna! composition. 

The sediment of the £ . excvalum zone consists of olive-grey clay usually 
with many thin sandy layers and lenses. The foraminiferal faunas in the thin 
sandy layers differ somewhat from those in the clay itself. In the lowermost 
part of the deposit the sand layers contain higher frequencies of the two 
species Elphidium asklundi and £ . subarcticum and also some specimens of 
E. albiumbi/icatum and Protelphidium orbiculare. The compositions of such 
faunas are similar to those of the E. subarcticum zone. Higher in the sequence 
of the £. excavatum zone, E. asklundi still occurs in the sandy layers, E. 
subarcticum is less common, whereas £. albiumbilicatum gradually becomes 
more common . All these species must in one way or another be connected 
with the deposition of sand instead of clay. They may either be dependent on 
sand directly as a substrate, or their occurrence may be caused by additional 
oxygen content or food supply during periods of better water circulation . The 
sand material and the foraminifera may also have been transported together 
into the present areas of clay deposition from more sandy shallow-water 
deposits by annual melting of inshore ice, or during periods of greater water 
circulation. The sand laminae perhaps reflect some kind of cyclic variation , 
although they do not resemble varves in the proper sense. 

The fauna! change in the sand laminae from subarcticum faunas in the 
lower part to albiumbilicatum faunas in the upper part of the E. excavatum 
zone is probably caused by a gradual amelioration in climate. It may also 
indicate a gradual lowering of the salinity, as the shallow-water species £ . 
albiumbilica1um also tolerates lowered salinity. 
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E. subarcticum is a common species m arctic faunas. It was originally 
described from recent shallow-water faunas off the New England coast 
(Cushman 1944). E. albiumbilicatum was originally described from the in
terglacial Gardiners Clay, New York (Weiss 1954), and the species is com
mon in recent boreal shallow and brackish water faunas (Lutze 1965). These 
two species are usually easily distinguishable, but in the present faunas from 
N0rre Lyngby there are often some difficulties in separating them. Some 
specimens clearly belong to E. subarcticum, others to E. albiumbilicatum, but 
transitional forms were found. Similar problems were also seen in faunas of 
the upper sandy part of the Hostrup Clay, which is inferred to represent the 
climatic amelioration near the end of the Elsterian lee age (Knudsen 1977), 
and in the Zirfaea Beds of B0lling interstadial age (10rgensen 1971 and 
Knudsen in prep.). Further investigations of the recent distributions of these 
two species and of living specimens in cultures might show that they are 
geographical variants of one species, E. subarcticum representing the arctic 
from the E. albiumbilicatum zone are shown in plate 7, figs. 1-2. 

The E. excavatum zone is found as a nearly horizontally stratified deposit 
in the southern part of the cliff section at N0rre Lyngby. The thickness is 
from about 7 to more than 15 m. Close to the basin structure the layers dip to 
the north (fig. 3), and in boring I near the central part of the depression the 
present zone was not reached at 12.0 m below sea level. North of the depres
sion the E. excavatum zone is again found in the cliff section, but here it is 
only from less than one to a few metres thick. According to the borings the 
succession of strata seems to be the same in the area east of the coastal cliff. 

The Elphidium albiumbilica/um zone 
The foraminiferal faunas of this assemblage zone are characterized by high 
frequencies of Elphidium albiumbilicalum. Elphidium excavatum, forma cla
vata is dominant , and common species are Cassidulina crassa, Bulimina mar
ginata, Elphidium asklundi and E. subarcticum. The fauna! diversities are 
higher than for the E. excavatum zone, usually about 5-10. Assemblages 
from the E. albiumbilicatum zone are shown in plate 7, figs. 1-2. 

The sediment of the E. albiumbilicatum zone consists of sand with clayey 
layers in the lower part. The fauna! composition together with the sandy 
sediment indicate changed environmental conditions compared to the condi
tions during deposition of the E. excavatum zone. The water was probably 
shallower, and a higher current velocity may have played an important role 
both for sediment and faunas. The increasing frequency of E. albiumbilica
tum through the sand laminae in the uppermost part of the E. excavatum zone 
and in the E. albiumbilicatum zone are assumed to indicate rising tempera
tures , and perhaps also lowering salinities. 
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T he £. albiumbilicatum zone is fo und above the £. excavatum zone at 
N0rre Lyngby. T he re is ofte n a gradua l trans itio n fro m o ne zone to the o ther, 
bo th in sediment a nd fa una. 

T he re is a re marka ble increase in thickness of the£. albiumbilicatum zone 
towards the cent ra l part o f the bas in structure . The zone is o nl y 2 m thick in 
profile 2, increasing to 10.5 m in the co mbin ed seque nce of profile 1 and 
boring III and more than 14 m in boring I (fig. 3) . T he leve l of the upper 
boundary of this uppe rmost marine zone decreases fro m 13 m above sea level 
in profile 2 to 7.5 m a .s.l. in profile 1 and to about 2 m a.s. l. in boring I. T he 
present foramini feral zo ne is again found at a higher level in the cliff section 
north of boring I (fig . 3). T his is believed to indicate a continuous sinking of 
the central part of this depress ion during deposit io n, as discussed la ter. 

East of the coastal cliff the£. albiumbilicatum zo ne is only fo und in borings 
rv a nd XI in the southe rn part o f the in vest igated area, also here be nea th 
freshwa ter deposits. 

Co rre lation 

T_he Bulimina m arginata - Buccella f rigida zo ne 
T his zone, which is fo un d in the northe rn part of the cliff sect ion a nd in the 
lowermost part o f seve ral bo rings in the N0rre Lyngby area, is al so described 
fro m a bo ring a t Rubje rg a bout 2 km east of N01-re L yngby (Abraha msen & 
Knudse n in press). T his assemblage zone may be corre la ted with part of the 
Olde r Yoldia C lay o f Ye ndsysse l. 

The co mpositio n of fa un as are not exactly the same as in the Olde r Yolclia 
Clay , but they in d ica te marine ecologica l conditio ns corresponding to those 
ind ica ted by the zone A fa unas of the Older Yoldia C lay at Hirtsha ls (An
dersen 1971) and the zone I fa unas of the Skrerumhede sequence (Ko nradi & 
Knudsen 1974, Knudsen 1976). T hese zones are corre lated with the Middle 
Weichse lian Sand nes interstadial, described by Feyling-Hanssen (1966, 
197 1, 1974). T he fora miniferal fa un as in a ll these de posits are mainly arctic, 
but with some bo rea l species. T hey thus indica te a mil de r period during the 
Middle Weichse li a n. She ll samples fro m the Sandnes C lay of the Sa nd
nes-J re re n area have been radioca rbo n dated at > 23,000 B .P. and 
28,000- 42,000 B .P. (Fey ling-Hanssen 1974). T hese ages ind ica te that the 
Sand nes interstad ia l co rre la tes with the He ngelo and Denekamp inte rstad ials 
of the Ne ther lands (va n de r Ha mm e n e t a l. l 97 1 ). A few spec ime ns of 

Hiatel!a arctica have been fo und in the B. marginata- B. frigic/a zone a t N0rre 
Lyngby, but not e no ugh fo r radiocarbo n da ting. 
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The Elphidium subarcticum zone 
T he foraminiferal assemblage of the Elphidium subarcticum zone at N0rre 
Lyngby compares well with faunas from the Lower Saxicava Sand at Maarup 
abou t 6 km fart her north in the cliff section (Jessen 1931, pl. II, post 26-36). 
A sample from this Lower Saxicava Sand contained the following foramini
feral species in 67 g sed iment: 

L0nstrup coast cliff, Maarup. Col l. Kn udsen, 1969. 

Species 

Elphidium excavatum, f. clavata 

Elphidiu111 subarcticum 

Cassidu/ina crassa 

Elphiclium albiumhilicatum 

Protelphidium orbiculare 

Elphidium asklu11di . 

Polymorphinidae 

Bulimi11a marginaw ..... . . .. .. .. .. . . . . . . . . .. . . .. . . . . . . .... . 

Nonion labradoricum 

Virguli11a /oeblichi 

Trifari11a flue11s . 

lslandiella islandica 

lslandiella 11orcrossi 

Buccella frigida . 

Epis10111i11el/a 1akaya11agii . 

Elphidium bartletti 

Elphidium 111agellanicum 

Total 

Frequency Perce nt age 

189 57 
6 1 18 
38 11 
10 3 
9 3 
8 2 
3 
3 
2 

< 1 
< 1 
< 1 
< l 
< l 
< I 
< I 
< 1 

33 1 

The fauna ] diversity of the sample is 7. The distribution of species is very 
close to those found in the E. subarcticum zone at N0rre Lyngby, and the 
present zone is inferred to correspond to the Lower Saxicava Sand of Yend
sysse l. This deposit was described by Jessen in 1899 as the lower Late-glacial 
shore deposit and later, in 1918 , 1931 and I 936 as the Lower Saxicava Sand. 

At N0rre Lyngby th is sandy facies occurs withi n the lower part of the 
clayey E. excavarum zone , whereas at Maarup the Lower Saxicava Sand rests 
directly upon a ti ll , which is probably marine in its upper part . However, 
according to Jesse n (1931) the Lower Saxicava Sand at Maarup, which is up 
to about 16-18 m thick, also contains some clayey laye rs in the lower part of 
the section. 

A radiocarbon date of she lls (Hia1ella aruica (Linne)) from the Lower 
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Saxicava Sand at Maarup gave an age of 13,900 ± 220 B.P. (Tauber 1966 a, 
b, Krog & Tauber 1974). Radiocarbon dates from marine deposits at N0rre 
Lyngby and from other localities in Vendsyssel are summarized in table 1: 

Table I. Radiocarbo n elates from marine Late-glacial de posit s at N0rre Lyngby (th is pape r) and 

other loca lities in Venclsysse l (Krog & Tauber 1974). 

Z irfaea B eds 

Uppe r Saxicava Sand 

Younger Yoldia Clay 

Boundary Y. Yo/. C. / L. Sax. S. 

Lower Saxicava Sand 

N0rre Lyngby 

(?) 14,310 ± 180 BP 
14,2 70± 180 B.P. 
14,650± 190 B.P. 

Othe r loca li ties in 

Ve nclsysse l 

ll ,950± 190 - 12,770 ± 190 BP 

12,650± 180 - 14.280±240 B.P. 

13,900±220 B.P. 

A sediment layer of about 30 cm in profile 4 comprisi ng the upper part of the 
E. subarctium zone and th e lower part of the overlying clay (the E. excavatum 
zone) was rich in mollusc shells, all belonging to one species, Hiatella arctica, 
and most af them in their living position in the sediment. Shells from that 

S T AG E SUB S TAGE CH RONO - FORAMIN I FERAL STRATIGRAPHIC 

ZONE ZONES UN ITS 
(sensu Jessen) 

Younger Dryas 

Late Alle rnd 
Weichselian 

Ol der Dryas 

E l ph i d ium 
8 0lli ng a lbi umbilicatum Upper Saxicava Sand 

We ichselian -----------E ex cavatu m zone Younger Yoldia Clay 
wi t h with 

E . su barct ic um zone Lowe r Saxicava Sand 

Middle 
Weic hse l ia n 

Denekam p Bulimina m ar ginata 
- Buccella frigida Older Yo l dia Cl ay 

He nge lo zone 

Fig. I 0. Strat igraphic corre lat ion s of fo ram in ife ra l zones and stratigra phic units (se nsu J esse n 

19 I 8, J 936) in th e N0rre Lyngby area. C hronostratigraphic subd ivisions after Mangerucl et 

a l (1974). 
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level were collected for radiocarbon dating, and yie lded the age of 14,65 0 ± 
190 B.P. (K- 2670) . The similarity of both foraminiferal fa unas a nd radiocar
bon ages just ifies a correlation of the E. subarcticum zo ne at N0rre Lyngby 
with the Lower Saxicava Sand at Maarup. They may not be of exactl y equal 
age, but corresponding marine ecologica l conditions must have prevailed 
during their deposition. Lower Saxicava Sand has no t previously been recog
nized at N0rre Lyngby. 

The Lower Saxicava Sand of Vendsyssel has earli er been corre la ted with 
polle n zone I a (Oldest Dryas) by S. Hanse n (1965) , Iverse n (1967, 1973) , 
Krog (l 968) a nd Feyling-Hanssen et a l. (1971 ). According to the chrono
strat igraphic subdivision of the Weichselia n proposed by Mangerud et a l. 
(1974), the present deposit belongs in the later pa rt of the Middle Weichseli
an (fig. I 0). R adioca rbo n dates from the Lower Saxicava Sand infer that this 
sha llow water fac ies may have bee n deposited during a lowering in sea level 
of a bo ut 10 m described by Morner ( 1969 , 197 1 ). H e suggested this to have 
ta ke n place fro m about 15,000 B.P. until abo ut 13 ,750 B.P. with minor 
oscillat io n, and correlated it with a temporary but di stinct a nd worldwide 
climatic dete riora tio n (Morne r 1973). 

The E/phidium excavatum zone 
T he fo raminife ral faunas of the Elphidium excavatum zone are similar to 
those described fro m the Younger Yoldia C lay e lsewhe re in Vendsysse l (Jor
gensen 197 I , Knudsen 1971) and the present assemblage zone is correlated 
with that deposit. Jessen ( 1899, 1918 , 1931 , 1936) and Jessen & Nordmann 
(19 15) described this stratigraphic unit as the Late-glacial Yoldia C lay, but 
later it was ca lled the Younger Yoldia Clay to distingusih it from the Weich
se lian interstadial and stad ia( Older Yo/c/ia C lay of Vendsyssel (Fey
lin g-Hanssen et a l. 1971 ). 

Two radiocarbon dates were obta in ed o n she ll s from the E. excava1um 
zone at N0rre Lyngby. Besides the date mentioned above from the lowe r
most part of the clay and the underlying sand in profile 4 (1 4,650 ± 190 B.P.) 
she lls of Hiatella arctica from a higher level in the zone about 200 m north of 
profile 4 (collected by N. Abrah a msen) we re dated at 14,270 ± 180 B .P . 
(K-2671) (see a lso tab le 1, p. 28) . ·The Younger Yoldia Clay of Vendsyssel 
was earli er dated at 12,650 ± 180 B.P. -14,280 ± 240 B.P. (Tauber l 966 a, 
b, Krog & Ta uber l 974 ). Together with the Lower Saxicava Sand thi s 
deposit has a lso been corre lated with po lle n zone I a (Oldest Dryas) (S . 
Hanse n 1965, Iversen ] 967 , 1973, Krog 1968, Feyling-Hanssen e t al. 197 1 ) . 

As the boundaries for po lle n zone I a are difficult to defin e, van der Ham
men ( 1957) a nd van der Hamme n & Vogel (1966) suggested the Oldest 
Dryas to be included in the B01ling interstadi al (sensu lato) , which accord -
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ingly represents the beginning of Late-glacial time. Its lower boundary was 
suggested to be about 13,300 B.P. (van der Hammen 1957). In 1974 Man
gerud et al. followed that suggestion, proposing the lower boundary for B0l
ling s.l. to be defined at 13 ,000 B.P. According to this chronostratigraphic 
subdivision a major part of the Younger Yoldia Clay (E. excavatum zone) of 
Vendsyssel belongs in late Middle Weichselian time, but at least in some 
places the deposition of clay continued into the Late Weichselian B0lling 
interstadial (fig. 10) . 

The Elphidium albiumbilicatum zone 
The sandy sequence, the Elphidium albiumbilicatum zone, which in many 
places overlies the£. excavatum zone (Younger Yoldia Clay) corresponds to 
the deposit described by Jessen in 1899 as the upper Late-glacial shore 
deposit , and later, in 1918, 1931 and 1936, as the Upper Saxicava Sand. 

A radiocarbon date on shells (Hiatella arctica) from the£. albiumbilicatum 
zone (Upper Saxicava Sand) of profile 2 in the coastal cliff at N0rre Lyngby 
yielded an age of 14,310 ± 180 B.P . (K-2413). The material was, however, 
rather unsuitable for dating as it consisted of weathered valves and fragments 
of Hia1ella arctica, wh ich may have been reworked from older deposits. This 
date thus gives o nly a maximum age for the deposit. Elsewhere in Vendsyssel 
she ll s from the Upper Saxicava Sand for radiocarbon dating were not found. 
Usually this deposit has earl ier been correlated with the upper part of pollen 
zo ne I a (Oldest Dryas) (S. Hansen 1965 , Iversen 1967, 1973, Krog 1968, 
Feyling-Hanssen et al. 1971). 

Beach deposits with boreo-arctic mollusc faunas from Borgbakke and 
Raaholt at Frederikshavn have previously been referred to the Upper Sax
icava Sand by Jessen (1936). Radiocarbon dates of three samples from these 
deposits ra nged from 12,020 ± 180 B.P. to 12,400 ± 180 B.P. (Krog & 
Tauber 1974), which is within the age range of the B0lling interstadial (pol
len zone I b ). A correlation of these layers with the Zirfaea Beds of north
western Vendsyssel has also previously been proprosed by Jessen (1899) and 
by Krog (J 968). As mentioned above, Jessen later cha nged this interpreta
tion . 

Because of the rising temperature , which is indicated by the foraminiferal 
faunas in the£. albiumbilicatum zone (Upper Saxicava Sand) at N0rre Lyng
by, it is suggested that this deposit may also belong in the B0lling interstadial. 
This might also be the case for other deposits of Upper Saxicava Sand in 
Vendsyssel. However, as the biostratigraphical boundary between the E. 
excavatum zone and the E. albiumbilicatum zone and the lithological change 
from clay to sand are presumably not synchronous, possibly only part of the 
Upper Saxicava Sand belongs in the B0lling interstadial (fig. 10). In connec-
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tion with this it should be mentioned that a peat layer in the freshwater 
deposits above the E. albiumbilicatum zone at N0rre Lyngby has been dated 
to between late B01ling and early Allernd time (Krog 1978). This peat was 
inferred by Krog to consist of redeposited material. 

In order to compare the foraminiferal faunas of the E. albiumbilicatum 
zone (Upper Saxicava Sand) at N0rre Lyngby with faunas from radiocarbon 
dated marine sediments of B01ling interstadial age , samples from the Zirfaea 
Beds in northwestern Vendsysse l have been analysed. Shells from this mostly 
sandy deposit have been dated at 12,770 ± 190 B.P. to 11,950 ± 190 B.P. 
(Krog & Tauber 1974) (see also table 1, p . 28). A sample from the Zirfaea 
Beds at Skeen M0llebrek contained the following foraminifera in one third of 
100 g sediment (see also Knudsen 1977): 

Skeen M01leb~k , Zirfaea Beds. Col l. Knudsen 1972. 

Species 

Elphidiwn excava1um, forma clavaw 

Cassidlllina crassa 

Elphidium albiL1mbilica1L1111 ... . ... .. . . . .. .. . . . .... . . . . . ... . . 
Buccel/a frigida . . ...... ... . . . ... . .. . . . . .. . . . . . .. . . . . . . 
Elphidium sllbarcticum 

Protelphidillm orbiculare 

Lagena semi/ineaw . 

Guuulina /aciea 

Virguli11a loeblichi 

Trifari11a fluens 

lslandiella norcrossi 

Epistomi11ella takayanagii .... 
Cibicides lobatulus . 

Non ion depressula . .. . .. ... . . . ... . . . .. . . . . . . . .. . .. . ... . ... . 
Elphidium asklw1di ..... . .. .. . ... . . . . . . .. . .. . .. . . . .... . . . . . 
Elphidium genhi 

Total . ... 

Frequency Percentage 

388 79 
41 8 
35 7 
10 2 
8 2 
2 < ] 

< I 
< 1 
< ] 
<1 
< I 
< ] 

< l 
< I 
< I 
< I 

494 

Six other species were observed in the sample in addition to those listed 
above. The fauna) diversity is 4, ahd the number of specim ens per 100 g 
sediment is about 1500. 

This foraminiferal fauna , which indicates increasing water temperature 
compared to the underlying arctic E. excavatum zone (Younger Yoldia Clay) 
faunas , is very much like those described above from the E. albiumbilicatum 
zone (Upper Saxucava Sand). The molluscan faunas are , however, different 
in the two deposits . The Zirfaea Beds contain a boreo-arctic mollusc fauna , 
whereas o nly a few specimens of one mollusc species, Hiatella arctica, were 
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found in the Upper Saxicava Sand. This may, however, have been caused by 
local ecological differences which did not affect the foraminiferal faunas. 

According to Jessen (1936) there are indications of a break in sedimenta
tion in the outcrops at Skeen M01leb:!!k between the Younger Yoldia Clay 
below and the Zirfaea Beds above. 

Krog & Tauber (1974) demonstrated an age difference of 840 years be
tween the uppermost part of the Younger Yoldia Clay and the lowermost 
part of the Zirfaea Beds. However, in a 31 m deep boring just south of Skeen 
M01leb:!!k (Knudsen in prep.) there seems to be a gradual transition from the 
Younger Yoldia Clay into a sandy deposit with foraminiferal faunas as found 
in the Zirfaea Beds. The change in faunal composition in this boring corre
sponds to that found in the sequences at N0rre Lyngby leading from the 
Younger Yo/dia Clay into the Upper Saxicava Sand. Additional radiocarbon 
dates may contribute to solve these chronostratigraphical problems. 
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F oraminif era 

The fora minife ral species found in Middle and Late Weichse li an de pos its of 
the N0rre Lyngby area are arra nged alpha be tica lly in the fo llowing li st, a nd 
se lected species are illustra ted in pla tes 1-5. For o rigina l refere nces, syno
nymy li sts, taxono mic re marks, a nd additio na l illustratio ns o f the species 
me ntio ned in the present work , the reade r is refe rred to the sys te matic sec
tio n of Fey ling-Ha nssen et a l. , 1971. O nl y fo r la ter erected species, fo r addi
tio na l species and whe n taxonomic pro ble ms m a kes it necessa ry, a few re fer
e nces have been added in th e li st. 

In additio n to the 72 li sted spec ies , the re are so me species belo nging to the 
fa mily Po lymorphinidae, i.a. G uuulina austriaca d 'Orbigny, 1846, G . /actea 
(Walker & Jacob, 1798) and Pseudopoly 111 o rphi11 a 11ovangliae (Cushman , 
1923). As the Polymo rphinidae usuall y acco unt fo r less tha n 1 % of the 
fa un a, they have bee n counted as a gro up in the present ma teri a l, and the 
species are therefore no t en tered in the li st. 

T he freque ncies of the mos t co mmon and characte ri stic species in the 
de pos its are show n in range charts (figs . 4-9). Othe r spec ies o nl y occur sca t
te red in the deposits, a nd usuall y they account fo r less tha n I % of the fa unas . 

T he fi gured specim e ns and fa unas, Cata logue No. 1976-K LK-l to 
1976- KLK- 39 a nd 1976-KLK-Fl to 1976-KLK-F4, are ke pt in the Depart
me nt o f Micropalaeo nto logy, Geo logical Institute, Uni ve rsity of Aarhus, 
D K- 8000 Aarhus C, D e nm ark. 

Ammonia ba1av11s (Ho fker. 1951 ). Pl. 3. fig. 

11 

Asrro11011io11 gallowa1·i L oeblich & Tappan , 
1953 

Bolivina pse11 dop /ica1a Heron- A llen & 

Earl and. 1930 

Bolivi1111 cf. robusra Brady. 1884 

Bucce//a frig id a (Cushman. 1922). Pl. I , figs. 
15- 16 

Bucce//a 1e11errima ( Bandy. 1950) 
811cce//a 11·righrii (Brady. 188 1) 

188 1. Discorbi11a wrighrii Brad y: Quart. f 
Mier. sci. 21. p. 413. pl. 2 1. fig. 6. 
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Buli111i11a Jossa Cushm an & Parker. 1938 

Buli111i11a 111argi11a1a d"Orh igny, 1826. Pl. I , 

figs. 2-3 

Buli111i11e//a elega11rissi111a (d"Orb igny. J 839) 
Cassidulina crassa cl'O rbigny, 1839. Pl. I . 

fi gs. 7-8 
Cassid11/i11a /aev igara d"Orbigny, 1826 

Cibicides loba111/us ( Walker & Jacob. J 798) 
Cibicides pse11dou11geria1111s (Cushman. 

1922) 

Elphidiwn albi11111bilica111111 (Weiss. 1954 ). 
Pl. 2. figs. 3-7. pl. 4. figs. 1- 5 

Uphidiu111 arricula//.1111 (d"Orbignl'. 1839) 
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1839: Polys1ome/la ar1icula1a d'Orbigny: 
Voyage dans l'Amerique Meridionale -

Foraminiferes. 5 (5). (At las 9, 1847). Paris, 
p. 30, pl. 3, figs. 9-10. 
1971: Elphidium umbi/ica1u/um (Williamson) 
- Knudsen, in Feyling-Hanssen et al.: Bull. 

geol. Soc. Denmark 21, p. 281 , pl. 13, figs. 
8- 11 , pl. 23, figs. 1-4. 
1977: Elphidium williamsoni Haynes -
Hansen & Andersen: Fossils and Strata 10, 
p. 9-10, pl. 5, figs. 1-6. 

Elphidium asklundi Brotzen, 1943. Pl. 2, 
figs. 8-9; pl. 3, fig . 1; pl. 4, figs. 6-8 

Elphiclium bar1le11i Cushman , 1933. Pl. 3, 
fig.2 

Elphic/ium excava/l/m (Terquem) , forma 
c/avata Cushman, 1930. Pl. 3, figs. 3-5; 
pl. 5, figs. 1--4 
1930: Elphic/ium incenum (Wi lliamson), var. 
clavaturn Cushman : U. S. nat. Mus. , Bull. 

104, p. 20, pl. 7, fig. 10. 
1972: Elphic/iwn exca va1um (Terquem) forma 
clavata Cushman - Feyling-Hanssen: 
Micropaleo111ology 18 (3) , p. 339, pl. 1, figs. 
1-9, pl. 2, figs. 1-9. 

Elphidium genhi van Voorthuysen , 1957 
Elphidium groen/a11c/icum Cushman . 1933 
Elphiclium incenum (Williamson , 1858) 
Elphic/ium macellum (Fichtel & Moll , 1798) 
Elphidium magella11icum Heron-Allen & 

Earland , 1932 

Elphidium margaritaceum Cushman , 1930 
Elphidiwn subarcticum Cushman, J 944. Pl. 

3, figs. 6-8; pl. 5, figs. 5-8 
Elphidium us1ulafll m Todd, 1957 

Eoepo11ide/la laesoeensis Michelsen, 1967 
Epis1omi11e/la 1akaya11agii Iwasa, 1955 
Fissurina dan ica (Madsen, 1895) 
Fissurina laevigata Reuss, 1850 
Fissurina lucic/a (Williamson, 1848) 
Fissurina margi11ata (Montagu, 1803) 
G/a11dulina /aevigata d'Orbigny, 1826 
Hyalinea baltica (Schroeter, 1783). Pl. 1, 

figs. 17- 18 
ls/andie/la he/e11ae Feyling-Han ssen & 

Buzas, 1976. Pl. 1, fi gs. 9-10 
1976: lslanc/iella he/enae Feyling-Hanssen & 
Buzas: Joum. of Foram. Res. 6 (2), p. 156, 
figs. 1--4. 
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lsla11c/ie/la islanc/ica (N0rvang. 1945). Pl. 1, 
figs. 11-1 2 

lsla11diel/a norcrossi (Cushman, 1933). Pl. 1, 
figs. 13-14 

Lage11a /aevis (Montagu, 1803) 
Lage11a se111ili11ea1a Wright , 1886 
Lage11a stria ta ( d'Orbigny , 1939), fonna 

typica 

Lary ngosigma hyalascidia Loeblich & 
Tappan , 1953 

Laryngosigma williamsoni (Terquem, 1878) 
Non ion bar/eeanum (Wi lliamson, 1858) 
No11io11 depressula (Walker & Jacob, 1798) 

197 8 Nau tilius depressulus Walker & 
Jacob in Adams, G.: Essays on the 

Microscope. Kanmacher, Ed. 2, London , 
p.641 , fig.33. 
1965: Nonion depressulus (Wa lk er & Jacob) 
- Murray : Cushman Found. Foram. Res. , 

Contr. 3 ( 4 ), p. 148, pl. 25, figs. 6-7 , pl. 26, 

figs. 7-8. 
1971: Nonionumbilica1u/um (Walker&Jacob) 
- Knudsen , in Feyling-Hanssen et al.: Bull. 

geol. Soc. Denmark 21, p. 263, pl. 10, figs. 
3--4, pl. I 9, figs . 2-3. 

No11io11 labradoricum (Dawson, 1960). Pl. 2, 
figs. 1-2 

Ooli11a acwicosta (Reuss, 1862) 
Ooli11a borealis Loeblich & Tappan , 1954 
Ooli11a caucligera (Wiesner, 1931) 
Ooli11a hexagona (Willi amson, I 848) 
Oolina lineata (Williamson, 1848) 
Ooli11a me/o d'Orbigny, 1839 
Oolina williamsoni (Alcock, 1865) 
Parafissurina /a1era/is (Cushman) , forma 

simplex (Buchner, 1940) 
Parafissurina 1ec1ulos1oma Loeblich & 

Tappan , 1953 
Pa1elli11a corrugata Williamson , 1858 
Pateoris hauerinoides (Rhumbler, 1936) 
Prolelphidium anglicum Murray, 1965 
Pro1elphidium orbiculare (Brady, I 881). Pl. 

3, fi gs. 9-10 
Pul/enia bu/loic/es ( d'Orbigny, 1826) 
Pulle11 ia subcarinata ( d'Orbign y, 1839) 
Py rgo williamsoni (Silvestri , 185 8) 
Quinqueloculina aggllllina/a Cushman, 1917 
Quinque/oculina seminulwn (Linne, 1758). 

Pl. I. fig . I 
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Quinqueloculina sta/keri Loeblich & Tappan , 

195 3 

Textularia saJ?,itulla Defrance, 182 4 
1824: Textularia sagiuula Defr a nce : Diet. 

des Sci. Na1. 32 , p. 177. 
Trifarina angulosa ( William son , 1858) 

Trifari11a fluens (Todd , 194 7). Pl. I , fig. 6 
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Uvigerina p eregrina Cushm an , 1923 . Pl. I , 

fi g. 5 

Virguli11a fu s1for111is (Wi lli amson, 1858) 

Virguli11a loeb/ichi Feylin g- Han ssen, 1954. 

Pl. I , fig . 4 

Virgulina schreibersia11a Czjze k, 1848 
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Conclusions 

After deglaciation of the N0rre Lyngby region in the late r part of the Middle 
Weichselian the lower areas were transgressed by the so-called Yoldia Sea. 
The substratum of this Late-glacial marine transgression was partly glacioflu
vial sand and clay and partly a marine deposit, which is here called the Buli
mina marginata-Buccella frigida zone. Based o n the foraminiferal content 
and the stratigraphic position in the cliff section and borings, this assemblage 
zone is inferred to represent the upper part of the Older Yoldia Clay of 
Vendsyssel, i.e. of Middle We ichseli an interstad ial age. 

The marine Late-glacial deposits in the N0rre Lyngby area are divided in 
three foraminiferal assemblage zo nes , the Elphidium subarcticum zone, 
which is correlated with the Lower Saxicava Sand, the £. excavatum zone, 
which is correlated with the Younger Yoldia Clay and the E. albiumbilicatum 
zone, which is correlated with the Upper Saxicava Sand of Yendsyssel. El
phidium excavatum, form a clavata is the dominant form in all three zones, but 
in the E. excavatwn zone, there are especially high frequencies of this form. 
The E. subarcticum zone is characterised by high frequencies of E. subarcti
cum togethe r with other species of Elphidium, whereas the E. albiumbilica
tum zone is characterized by a high content of E. albiumbilicatum in addition 
to increases of other species. The foraminiferal faunas of the E. subarcticum 
zone (Lower Saxicava Sand) and the E. excavatum zone (Younger Yoldia 
Clay) are mainly arctic, whereas the£. albiumbilicatum zone (Upper Saxica
va Sand) faunas are considered to be boreo-arctic. 

Based on radiocarbon dates (table 1, p. 28) the E. subarctium zone and a 
major part of the E. excavatum zone are suggested to belong in late Middle 
Weichselian . The influence of boreal foraminiferal species in the£. albium
bi!icatum zone infers that this zone might be of Late Weichselian B0lling 
interstadial age (fig. 10). 

In the N0rre Lyngby area the E. subarcticum zone, or the Lower Saxicava 
Sand, occurs as an only L.5 m thick sandy facies within the lower part of the 
E. excavatum zone (Younger Yoldia Clay) . 

The E. excavatum zone, or the Younger Yoldia Clay, has a thickness of up 
to more than 15 m and is found as nearly horizontally stratified deposits in 
the southern part of the cliff section. In some places this clay is overlain by a 
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sandy deposit of variable thickness, the E. albiumbilicatum zone, or the Up
per Saxicava Sand . The foraminiferal faunas indicate decreasing water depth 
during deposition of this uppermost marine zone. Isostatic adjustments after 
deglaciation caused the present areas to emerge above sea level. 

Farther north in the cliff section the surface of the marine deposits forms a 
depression, which is filled with Late-glacial freshwater deposits. Beneath the 
central part of this basin the E. albiumbilicatum zone has a thickness of at 
least 14 m, whereas about 100 m south of the centre it is only 2 m thick. 
Borings show that this depression can be followed from the cliff section 
inland towards east, and that about a similar succession of strata in the 
marine deposits is found in that direction. 

This east-west trending depression may represent a deep valley formed prior 
to the Late-glacial transgression , either by the ice itself, or by meltwater 
streams during deglaciation , or a combination of these factors. However, the 
dip of the layers and the rapid increase in thickness of the E. albiumbilicatum 
zone towards the central part of the depression indicate continuous sinking of 
the basin during deposition. According to H. Lykke Andersen (pers. corn.) 
seismic measurements in the area show a fault line in the chalk below the 
N0rre Lyngby depression. This fault might well have been active during the 
Quaternary, and may be the reason for continuous sinking of the basin during 
deposition of the present Middle and Late Weichselian (B01ling interstadial) 
deposits, and thus probably also for the slidings of the marine layers in the 
northern part of the basin. Another possible reason might have been gradual 
melting of buried ice in the area. 
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Dansk sammendrag 

Midt og sen Weichse lien marine aflejringer ved N0rre Lyngby, 
Nordjylland, Danrnark, og deres foraminifer-faunaer. 

I kystklinten ved N0rre Lyngby i Yendsyssel ses e t snit gennem marine , 
glaciofluviale og limniske Ple istocren e aflejringer. Der e r foretaget kvantitati
ve analyser af fossile be nthoniske foraminiferfaunaer i de marin e sed imenter 
dels fra kystklinten og bo ringer i stranden ved klinten s fod og del s fra e n serie 
bo ringer i omradet 0st for klinten. De unders0gte marine aflejringer er pa 
grundlag a f foram ini ferindholdet indde lt i fire faunazoner. 

Den nederste zone inde holder en fauna, som domineres af de to arter 
Elphidium excavatum, forma clavma og Cassidulina crassa. Andre kara kteri
stiske arter er Bulimina marginata, ls/andiel/a norcrossi, Elphidium a/bium
bilicarum og Buccella frigida, og zone n e r he r kaldt Bulimina margi11a1a-Buc
cella frigid a zonen. Faunaen er arktisk med e t indhold af enkelte mere varme
krrevende arter, og zone n sy nes at kunne korreleres med den 0vre de! af det 
/Eldre Yoldia Leri Ve ndsyssel, som e r henfort til Sandnes interstad iale n af 
midt Weichse li en alde r. B. margina1a-B. frigida zone ns sedimenter bes tar 
hovedsage lig af leret silt e lle r fin sand . Aflejringen forekommer dels i den 
nordlige de l af kystk linte n ved N0rre Lyngby, dels i den dybeste del af boring 
Ill samt i fl e re boringer i den no rdlige og 0stlige del af det unders0gte 
omrade (fig . 2 og 3). 

I store de le af N0rre Lyngby omradet e r B. marginata-B. frigida zonens 
a flejrin ge r, og visse stede r ogsa de glaciofluviale a fl ejringe r, overlej re t af 
marin e Sen-glaciale aflejringer. D enne marine seri e er inddelt i tre faunazo
ne r pa grund lag af foraminiferer, Elphidium subarc1icum zone n, £ . excava
rum zonen og 0verst E. albiumbilicarum zonen . Elphidium excavalum, forma 
cla vara e r e n dominerende form i alle disse zoner, men faunaen i £. excava
rum zonen er specielt karakteriseret af en meget h0j dominans af denne form. 
E. subaroicum zonen er karakteriseret af e n ret sto r hyppighed af £. subarc
ricum sammen med E. askluncli, E. a/biumbilicarum og Pro1elphidium orbi
culare. E. a/b iumbilica1um zonen er ka rakteriseret del s af £. a/biu111bilica1um, 
dels af stigende frekve ns af Cassidu/i11a crassa, Bulimi11a margina/a og e n del 
andre arter, so m ikke er alminde lige i £. excava1um zo ne n. 

Faunae rne i £. subarc1icum zonen og i £. excavatum zonen e r hovedsage lig 
a rktisk e, og disse zoner er korrelere t med he nholdsvis Nedre Saxicava Sand 
og Yngre Yoldia Ler i Ve ndsysse l. Faunaen i £. albiumbilicatum zo nen er 
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tolket som boreo-arktisk, og denne zone er korreleret med 0vre Saxicava 
Sand. Det skal mevnes, at en detaljeret unders0gelse af foraminiferfaunaerne 
gennem £. excavatum zonens sedim enter synes at afspejle en gradvis stigende 
tem peratur og maske samtidig en lavere salth oldighed allerede under afl ej
ringen af disse. 

E. subarcticum zonen (Nedre Saxicava Sand) er kun fundet pa to lokalite
ter ved N0rre Lyngby . Den forekommer som en 1,5 m tyk , sandet facies 
inden for den allernederste de! af £. excavatum zonen (Yngre Yoldia Ler) . £. 
excavatum zonen forekommer i mesten he le klintens udstnek ning ved N0rre 
Lyngby, i den sydlige de! som en nogenlunde horisontalt lagdelt !e r af op til 
mere end 15 m tykkelse. Visse steder overlejres den konkordant af en san det 
lagserie, £. albiumbilicatum zonen (0vre Saxicava Sand). Overfladen af den 
marine lagserie danner i den nordlige de! af klinten en bassinformet depressi
on af omkring 200 m udst rrek ning og indtil ea. 15 m dybde. Denne depression 
er fy ldt med en Sen-glacial ferskvands-lagserie. I kystk linten nord for bassi
net forekommer E. excavatum zonen og £. albiumbilicatum zonen atter i e t 
h0jt niveau. De overlejrer her dels glaciofluviale sedimenter og dels B. mar
ginata-B. frigida zonens aflejringer. Langs nordflanken af bassinstrukturen e r 
de marine afl ejringer forstyrrede pa grund af senere udskridninger i bassin e t. 

Der er en strerkt tiltagende tykkelse af den 0verste marine zone, Elphidium 
albiumbilicatum zonen (0vre Saxicava Sand), mod den centrale de! af bass i
net. Zonen e r omkring 2 m tyk ved bass inets sydlige begrrensning (profil 2) 
og tiltager til mere end 14 m under den centrale de! (boring I). Boringerne 
0st for klinten viser, at nogenlunde det samme aflejringsm0nster kan folges 
gennem en depression, som st rrekker sig i 0st-vestlig re tning. 

Selve bass in strukturen og den strerkt tiltagende lagtykkelse af den 0verste 
marine zone mod den centrale de!, synes at pege i retning af en kontinuerlig 
indsynkning af bassine t samtidig med aflejringen af £. albiumbilicatum zo
nens sedimenter. Dannel sen af dette bass in samt forstyrrelserne i lagene 
langs nordflanken kan muligvis knyttes sammen med Kvartrere bevregelser 
langs en forkastning, som ved hjrelp af se ismiske malinger er registreret i 
kalken under N0rre Lyngby . E n anden mulig arsag til bassindann elsen kan 
have vreret langsom bortsmeltning af d0dis i omradet. 

Der e r foretaget en C-14 da tering fra grrensen melle m £. subarcticum 
zonen (N edre Saxicava Sand) og £. excavatum zonen (Yngre Yoldia Ler) og 
en fra et h0je re niveau i £ . excavatum zonens aflejrin ger ved N0rre Lyngby. 
Disse dateringer gav aldre pa henholdsvis 14.650 ± 190 B.P. og 14.270 ± 
180 B.P. Andre steder i Vendsyssel er Yngre Yoldia Ler dateret til mellem 
14.280 ± 240 B.P. og 12.650 ± 180 B .P. Ifolge den kronostratigrafiske 
inddeling, som er foreslaet af Mangerud e t al. (1974), sy nes saledes i hvert 
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fald st0rstedelen af det Yngre Yoldia Ler i Ve ndsysse l at vrere af sen midt 
Weichselien alder (fig. 10). 

Foruden ovennrevnte datering fra grrensen mellem Nedre Saxicava Sand og 
Yngre Yoldia Ler, foreligger en enkelt datering af ska lle r fra Nedre Saxicava 
Sand (ved Maarup) , som gav en alder pa 13.900 ± 220 B. P. Dannelsen af 
denne sandede facies i den nedre del af E. excavatum zonen ved N0rre 
Lyngby kan muligvis srettes i forbindelse med en srenkning af havspejlet pa 
omkring I 0 m, som me nes at have fundet sted under en koldere periode fra 
omkring 15.000 B.P . fre m til omkring l 3.700 B.P. 

Der foreligger kun en enkelt datering fra E. albiumbilicatum zonen (0vre 
Saxicava Sand) ved N0rre Lyngby. Da skallerne muligvis kan vrere omlejrede 
er dateringen ret usikker. Den gav en alder pa 14.310 ± 180 B .P. Der findes 
ingen C-I 4 dateringer fra sikkert 0vre Saxicava Sand and re stede r i Vend
syssel. En sammenligning af foraminiferfaunaerne i E. albiumbilicatwn zo nen 
(0vre Saxicava Sand) ved N0rre Lyngby med faun aer fra Zirfaea Iagene ved 
Skeen M0llebrek , so m er dateret til B0Iling interstadial tid , viser, a t der er 
meget stor lighed mellem disse . Bedre dateringer af de t 0vre Saxicava Sand 
vi lle sandsynligvis vise , at denne aflejring , e ll er i hve rt fald en del af de n, ogsa 
kan henregn es til B0lling interstadi a l tid. Da de lithologiske grrenser mellem 
de marine Sen-glaciale zoner i Venclsyssel imidlerticl ma formodes at vrere 
diakrone, kan kun yclerligere biostratigrafiske unde rs0gelse r kombineret 
med en serie C-14 dateringer l0se disse mere detalje rede stratigrafiske pro
blemer. 

Pa grund af sa mspille t melle m isostati ske og eustatiske bevrege lser e fter 
Weichse lisens afsmeltning blev N0rre Lyngby omradet efter dannelsen af 
0vre Saxicava Sand omdannet til et Iandomrade. 

D .G.U. II. rk . nr. 11 2 41 



References 

Abrahamsen , N. & Knudsen , K. L. In press: Indicat io n of a Geomagnetic Low-Inclin ation 

Excursion in supposed Middle Weichselian Inte rstadi a l Marine C lay a t Rubje rg, 
Denmark. - Physics o f the Earth a nd Planet. Inter. , 18 ( I 979). 

Anderse n, A.-L. L. J 97 J: Foraminifera from the Older Yoldia C lay at Hirtshals. - In: 

Feyling-Hanssen , R. W ., forgensen, J. A. , Knudsen, K. L. & Andersen , A. - L. L. Late 

Quaternary Foraminifera from Vendsyssel , Den mark and Sandnes, Norway. - Bull. 

geo l. Soc. Denmark , 2 1, 2-3 , pp. 159-184. 
Bahnson , H ., Petersen , K. S. , Konradi , P. B . Knudsen , K. L. J 974: Stratigraphy of 

Quaternary deposits in the Skre rumhede II boring: lith o logy, molluscs and foraminifera. 

- Danm. geo l. Unders. , Arbog 1973, pp. 27-62. 
Cushman, J . A. 1944: Foraminifera from the sha llow water of New E ngland coast. -

Cushma n Lab. Foram. Res. , Spee. publ. , 12 , 37 p. 

Feyling-Hanssen, R. W. J 958: Mikropaieonto logiens teknikk. - Norges geo l. Unders. , 203 , 
pp. 35-48. 

Feyling-Han sse n, R. W . 1966: Geologiske observasjoner i Sandnesomradet (Geological 

observat io ns in the Sandnes area, Southwest o rway). - Norges geo l. Unders. , 242, pp. 

26-43. 
Feyling-Han sse n, R. W . 197 l: We ichse lian interstadia l Foraminifera from the Sandnes-Jreren 

area. - In: Feyling-Hanssen, R. W. forgensen , J. A. , Knudsen , K. L. , & Andersen, A . -

L. L. Late Quaternary Foraminifera from Vendsyssel , Denmark and Sandnes, Norway. 

- Bull . geo l. Soc. Denmark , 2 1, 2-3 , pp. 72- 1 J 6. 
Feyling-Hanssen, R. W. 1974: T he We ichsel ian section of Foss-Eige land , Southwestern 

orway. - Geol. F6ren. Stockholm Forh., 96 , pp. 341 - 353 . 
Feyling-Hanssen , R. W. , forgensen , J. A. , Knudsen , K. L. & Andersen , A. - L. L. J 97 1: 

Late Quaternary Foraminifera from Vendsyssel, Denmark and Sandnes, Norway. -

Bu ll. geol. Soc. Denmark , 21, 2- 3, pp. 67-3 17. 
Hammen, T. van de r I 957: The stratigraphy of the Lateglacial. - Geol. en Mijnb. (Nw.Ser.) , 

l 9, pp. 250-2 54. 
Hammen , T. van der & Vogel, J. C. 1966 : The Susacii int e rstadia l and the Subdivision of the 

Late Glacia l. -Geo l. e n Mijnb., 45 , pp. 33- 35. 
H amme n, T. van de r, Wijmstra , T. A. & Zagwijn , W . H . 197 J: The flo ra l record of the Late 

Cenozoic of E urope. - In: Turekian , K. K. (ed .): The Late Cenozoic Glacia l Ages , pp. 

392-424, Yale University Press, New Have n, Lo ndo n. 

H anse n, S. 1965: The Quaternary of Denma rk , In: Rankama , K. (editor). - The Geologic 

Systems. T he Quaterna ry J , pp. 1-90 , lnterscience publishers , New York. 

Hedbe rg, H . D. (ed.) 1976: Interna tio nal stratigraphic guide. A guide to stratigraphic 

classificat ion , te rmin o logy a nd proced ure , 200 p. Wiley a nd Sons, New York. 

Ive rsen, J. I 942: En po lle nana lyti sk Tidsfa:ste lse af Ferskvandslagene ved N0rre Lyngby. -

Meddr Dansk geol. Foren., I 0, pp. 130-151. 

42 D .G.U . It. rk . nr. 112 



Ive rse n, J. 196 7 : Na turens ud vikling siden sidstc istid. - In: Danm arks Na tur, l , pp. 

345- 44 5, Politik ens Forlag, Kobenhavn . 

Iverse n, J. 1973 : Th e deve lopm e nt of De nm ark 's na ture since the last glacia l. - Danm. geol. 

Unde rs., V rre kke, 7-C, 126 p. 

Jessen , A. 1899: Beskri ve lse til G cologisk ko n over Danm ark. Ko nbl adene Skagen , 

Hirsth als, Frede rik shav n, Hjorring og Lokke n. - Damn . geo l. Unders. , I rre kk c, 3, 368 p. 

Jessen , A. 191 8 : Vendsyssels G eo logi. - Da nm . geo l. Unders. , V rre k ke, 2 , 260 p. 
Jessen , A . 193 1: Lonstrup Klint. - Danm. gcol. Unders., II rrekke, 49, 142 p . 

Jessen , A . 1936 : Vendsyssels G eologi. Re vised e dition. - Danm. geo l. Unde rs. , V nckke, 2, 

195 p. 

Jessen , A . & No rdma nn , V. 19 15: Ferskvandslage ne ved orre Lyngby. - D a nm . geol. 

Unders., II rre kke, 29, 66 p . 

Jo hnstrup, F. 1882 : 0111 de geologiske forhold i de n nordlige De l af Ve ndsysse l. -

Unive rsitetsfestskrift , Kobe nhavn , 48 p. 

Jorgense n, J . A . 197 1: The Qu aternary of Ve ndsysse l. - In: Feylin g-Han ssen , R . W., 

Jorgensen, J . A ., Knudse n, K. L. & Ande rse n, A. - L. L. La te Qua terna ry Foraminifera 

from Ve ndsysse l, Denmark a nd Sandnes, Norway. - Bull. geol. Soc. Denm ark , 2 1, 2-3 , 
pp. I 17-129. 

Knudsen , K. L. 1971: Late Quaternary Foram ini fera from the Lokken area. - In : 

Feylin g- Hanssen , R. W. , Jorgensen, J. A. , Knudsen, K. L. & Anderse n, A.- L. L. Late 

Quaternary Foraminife ra fro m Ve ndsysse l, Denmark and Sandnes, Norway. - Bull. 

geo l. Soc. De nmark , 2 1, 2-3, pp. 130- 15 8. 

Knudse n, K. L. 1973: Foraminife ra from Pos tglacia l de posits of the Lunde rga rd area in 

Ve ndsysse l, De nmark . - Bull. geol. Soc. De nmark , 22, pp. 255- 282. 

Knudse n, K. L. 1976: Foraminife r faunas in We ichseli an stadi a! a nd inte rstadial deposits of 

the Skrerumhede boring, Jutland , D enmark . - M aritime Sedime nts, Spee. Publ. , 1, B. -

Pa leoeco logy a nd Bios1ra 1igra phy, Halifax, pp. 431 - 449 . 

Knudse n, K. L. 1977: Foraminifera l faun as o f the Quaternary Hostrup Clay fro m northern 

Jutl and , De nm ark . - Boreas, 6 , pp. 229- 245 . 

Ko nradi, P. B. & Knudsen, K. L. 1974: Fo raminife ra in th e Skre rumh ede II bo rin g. - In: 

Bahnson , H ., Pete rsen , K. S. , Konradi , P. B . & Knudsen , K. L. Stratigraphy of 

Qu ate rn ary deposits in the Skrerumhede II bo ring: lithol ogy, molluscs and forarninifera. 

- Danm. geol. Unders. , Arbog 1973, pp. 43-57. 

Krog, H . 1968: Late -glacial and Postglacial Shore line displacemen t in Denma rk. - /11: Means 

of corre la tio n of Quatern ary successio ns, 8 , Proc. Vil. JNQ U A congress, pp. 42 1-435, 

University o f Utah Press. 

Krog, H. 1978 : The Late We ichse lian freshwater beds at Norre Lyngby. C- 14 dates and 

polle n di ag ram . - Danm . geol. Unders. , A rbog 1976, pp. 29- 43 . 

Krog, H. & Taube r, H. 1974: C- 14 chronology of La te - and Pos t-glacia l marine deposit s in 

North Jutland . - Danm . geo l. U nders. , A rbog 197 3, pp. 93- 105 . 

Lut ze , G . F. 1965: Zur Foraminife ren-Fauna der O stsee . - Meyniana 15, pp. 75- 147. 

Madse n, V. 1895: lstiden s foraminifere r i Danm ark og Holste n. - Meddr dansk geo l. Fa ren. , 

2 , pp . 1- 22 9. 

Mange rud , J. , Ande rsen, S. T. , Be rglund, B. E . & Donner, J. J . 1974 : Quatern ary 

stra tigraphy o f Norde n, a p ro posal for te rminology and cl ass ifica tion . - Bo reas, 3, pp. 

109-128. 

Miche lse n, 0 . 1967: Foraminifera o f the Late-Quate rn ary de posits o f La:so. - Meddr dansk 

geo l. Fare n., 17, pp. 205-263. 

D .G.U. II. rk . nr. 11 2 43 



Marne r, N. - A. 1969: The La te Q uatern a ry histo ry of the Katt egatt Sea a nd the Swedish 
West Coas t. - Sve riges geo l. Unders., Se r. C 640, 487 p. 

Ma rne r, N. - A. 197 1: Eustati c cha nges during the las t 20,000 yea rs a nd a me thod of 

se parating the isosta ti c a nd e ustatic facto rs in a n uplifted area. - Palaeogeog r. 
Pa laeoclirn . Pa laeoecol. , 9, pp. 153- 18 l. 

Ma rne r, N. - A. I 973: Clima tic cha nges during the las t 35 ,000 years as indica ted by land , 
sea and a ir da ta . - Bo reas, 2, pp. 33-54 . 

Pingel, C. 1828: Orn Diluvie t og Alluviet i de t norcllige Jylla nd . - Ticlsskr. f. Na turvide nsk., 

5, pp. 12 1- 144. 
Taube r, H . 1966 a: Danske Kulsto f- 14 da te ringsres ul ta ter II. - Meddr da nsk geo l. Fo re n., 

16, pp. 153-176. 
Tauber, H . 1966 b: Cope nhagen radioca rbo n ela tes VI I. - Radiocarbo n, 8, pp. 2 13-234. 
Walt o n, W . R. 1964 : R ecent fo ra rniniferal eco logy a nd paleo-ecology. - In: lmbrie , J . & 

Newe ll , N. D. (edito rs): Approaches to Pa leoecology. pp. I S 1-237. Wiley and So ns, 

New York. 
Weiss, L. I 954: Foram inife ra and or igin of the Gardiners Clay (Plc istocene) , Eas te rn Long 

Island. New York . - U.S. geo l. Surv., prof. Paper 254-G , pp. 139- 163. 

44 D.G .U. II. rk. nr. 112 



Plates 

4 D.G .U. II. rk . nr. 11 2 



Plate 1 

Miliolidae, Buliminidae, Cassidulinidae, 
Discorbidae, Anom alinidae 

Catalogue No. Text page 

Fig. 1. Quinqueloculi11a seminulum (Linne, 1758) 34 
Specimen from the£. subarcticw11 zone (Lower Saxicava Sand) of 
bor. Ill , spl. no. 8, N0rre Lyngby; x 75. 1976-KLK-I 

Figs. 2-3. Bu/imina marginara d 'Orbigny, 1826 . . . . . . . . . . . . . . . . . . . 33 
Fig. 2. Specimen from the£. albi111nbilica111111 zo ne (Upper Saxica-
va Sand) of bor. Ill , sp l. no. 27, N0rre Lyngby: x 75 1976-KLK-2 
Fig. 3. Specimen from the£. albi11mbilicatum zone ( Upper Saxica-
va Sand) of bor. 111. spl. no. 26, N0rre Lyngby; x 75 . . . . . 1976-KLK-3 

Fig. 4. Virgulina loeblichi Feyling-Hanssen , 1954 ..... .... . . ....... 35 
Specimen from the £. albiw11bilicat11111 zo ne (Upper Saxicava 
Sand) of bor. IV, spl. no. 4, N0rre Lyngby: x 75 1976-KLK- 4 

Fig. 5. Uvigerina peregrina Cushman, 1923 . . . . . . . . . . . . . . . . . . . . . . . 35 
Specimen from the £. albi11111bilica111111 zo ne (Upper Saxicava 
Sand) of profile I. spl. no. 5, N0rre Lyngby; x 75 I 976-KLK-5 

Fig. 6. Trifarina flu ens (Todd , 194 7) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Specimen from the £. albi11111bilica111111 zo ne (Upper Saxicava 
Sand) of bo r. I, spl. no. 25 , N0rre Lyngby; x 75 . . . . 1976- KLK-6 

Figs . 7-8 . Cassidulina crassa d 'Orbigny, 1839. .. . . ..... . . . . . ...... 33 
Specimen from the £. albiu111bilica1u111 zone (Upper Saxicava 
Sand) of bor. 11 I. spl. no. 25, N0rre Lyngby; x 75 I 976-KLK-7 

Figs. 9-10. lsla11die/la helenae Feyling-Hanssen & Buzas, 1976. ..... 34 
Specimen from the £. albi11111bilicatu111 zone (Uppe r Saxicava 
Sand) of profile 2. N0rre Lyngby: x 75 1976-KLK-8 

Figs. 11-12. ls /andiella islandica (N0rvang, 1945) . . . . . . . . . . . . . . . . . 34 
Specimen from £. excava111111 zo ne (Younger Yoldia Clay) of bor. 
lll , sp l. no. 18, N0rre Lyngby: x 75 1976- KLK-9 

Figs . 13- 14. lslandiella 11 orcrossi (Cushman , 1933).......... . .. .. . 34 
Specimen from the£. s11barctic11111 zone (Lower Saxicava Sand) of 
bor. Ill. sp l. no. 8, N0rre Lyngby; x 75. 1976- KLK- 10 

Figs. 15-16. Buccel/a frigida (Cushman, 1922) . . . . . . . . . . . . . . . . . . . . 33 
Specimen from the £. albiu111bilicat11111 zone (Upper Saxicava 
Sand) of bor. IV. spl. no . I. N0rre Lyngby; x 75 I 976-KLK-l l 

Figs. 17-18. Hyalinea balrica (Schroeter, 1783) . . . . . . . . . . . . . . . . . . . 34 
Specimen from the £. albiu111bilica111111 zone (Upper Saxicava 
Sa nd ) of bor. I, , pl. no. I, N0rre Lyngby; x 75 I 976- KLK- l 2 
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Plate 2 

Nonionidae, Elphidiidae 

Figs. 1-2. Nonion Labradoricum (Dawson, 1960) 
Specimen from the £. albiumbilicatum zo ne (Upper Saxicava 

Catalogue No. Text page 

34 

Sand) ofbor. Ill , spl. no. 31, N0rrc Lyngby ; x 75 1976-KLK-1 3 

Figs. 3-7. Elphidium a/biumbilicatum (Weiss, 1954) . . . . . . . . . . . . . . . 33 
Figs. 3-4. Specimen from the E. albiw11bi!ica1um zo ne (Upper 
Saxicava Sand) of profile 2, 0rre Lyngby; x 75 1976-KLK-l 4 
Fig. 5. Specimen from the E. albiu111bilica1um zone (Upper Saxica-

va Sand) of bor. IV. sp l. no. 3, N0rre Lyngby ; x 75 1976-KLK-15 
Fig. 6. Specimen from the£. a!biumbilicatum zone (Upper Saxica-

va Sand) of profile 2, N0rre Lyngby; x 75 1976-KL K- l 6 
Fig. 7. Specimen from the E. albiumbilicatum zone (Upper Saxica-

va Sand) of bor. IV, spl. no. 3. N0rre Lyngby; x 75 I 976-KLK- l 7 

Figs. 8-9. E/phidium ask/undi Brotzen, 1943 . . . . . . . . . . . . . . . . . . . . . 34 
Fig. 8. Specimen from the E. albi11mbi!icatum zone (Upper Saxica-

va Sand) of profile 2, N0rre Lyngby; x 75 1976-KLK- 18 
Fig. 9. Specimen from the£. albilllnbilicat11111 zone (Upper Saxica-

va Sand) of profi le I , spl. no. 3, N0rre Lyngby; x 75 . 1976-KL K- l 9 
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Plate 3 

Elphidiidae, Rotaliidae 
Fig. 1. Elphidium asklundi Brotzen, 1943 

Specimen from the £. a!biu111bilica111111 zone (Upper Saxicava 

Catalogue No. Text page 

34 

Sand) of bor. IV . spl. no. 3, N0rre Lyngby; x 75 1976-KLK-20 

Fig. 2. Elphidium barrle11i Cushman , 1933 . . . . . . . . . . . . . . . . . . . . . . . . 34 
Specimen from the E. albi11111bilica111111 zo ne (Upper Saxicava 
Sand) of bor. I, spl. no. 24, N0rre Lyngby ; x 75 1976- KLK-2 I 

Figs. 3-5. Elphidium exca varum (Terquem) , for ma clavara Cushman , 
1930...... .. . ....... ....... ............... . ... . ......... . .. . . 34 

Fig. 3. Specimen from the E. a!biumbilica1u111 zone (Upper Saxica-
va Sand) of bor. IV, sp l. no. 5. N0rrc Lyngby; x 75 . . . 1976-KL K-22 
Fig. 4. Specimen from the E. a!biw11bilica1u111 zone (Upper Saxica-
va Sand) of bor. IV, spl. no. 5, N0rre Lyngby; X 75 . 1976- KLK-23 
Fig. 5. Specimen from the E. a!biw11bilica111111 zone (Upper Saxica-
va Sa nd) of bor. IV. sp l. no. 5, N0rre Lyngby; x 75 . . . 1976-KLK-24 

Figs. 6-8 . Elphidium subarcticum Cushman , 1944 . . . . . . . . . . . . . . . . . 34 
Fig. 6. Specim en from the£. albiurnbilica1w11 zo ne (Upper Saxica-
va Sand) of bor. IV . spl. no. 3, N0rre Lyngby: x 75 . 1976-KLK-25 
Fig. 7. Specim en from the£. a/biu111 bi!ica1um zone (Upper Saxica-
va Sand) c. I O m nort h of profile 2, N0rre Lyngby; X 75 1976-KLK-26 
Fig. 8. Specime n from the£. albiw11bi!ica111n1 zone (Upper Saxica-
va Sand) of bor. IV. spl. no. 5, N0rre Lyngby; x 75 . 1976-KLK-27 

Figs. 9-] 0. Protelphidium orbiculare (Brady, 1881) . . . . . . . . . . . . . . . . 34 
Specimen fro m the£. subaroicw11 zone (Lower Saxicava Sand) of 
bor. I II, spl. no. 8, N0rre Lyngby; x 75 . . . 1976-KLK-28 

Fig. 1 J. Ammonia baravus (Hofker, 1951)... . .... . ... ..... . ...... 33 
Spiral side of specimen from the £. albiumbilica1u111 zone (Upper 
Saxicava Sand) of bor. I, spl. no. 7, N0rre Lyngby; x 75 . 1976-KLK-29 
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Elphidiidae Catalogue No. Text page 

Figs. 1-5. Efphidium afbiumbificatum (Weiss, 1954) . . . . . . . . . . . . . . . 33 
Figs. 1- 2. Speci me n from the £. albiumbi!icatum zone (Upper 
Saxicava Sand) of bor. IV, spl. no. 2, N0rre Lyngby; x 160 ..... 1976-KLK-30 
Fig. 3. Specimen from the£. albiumbilicatum zone (Upper Saxica-
va Sand) of profile 2, N0rre Lyngby; x 100 1976-KLK-3 I 
Figs. 4-5. Speci men from the £. albiumbilicatwn zone (Upper 
Saxicava Sand) of profile 2, N0rre Lyngby; Fig. 4, x 100; Fig. 5, x 
370 . 1976- KLK-32 

Figs. 6-8 . Elphidium askfundi Brotzen , 1943 . . . . . . . . . . . . . . . . . . . . . 34 
Fig. 6. Specim en from the £. exca vatum zone (Younger Yoldia 
Clay) of bor. 111 , spl. no. 12, N0 rre Lyngby; x 70. 1976-KLK-33 
Figs. 7-8. Speci men from the£. excavatum zo ne (Younger Yoldia 
Clay) of bor. IV, sp l. no. I A. N0rre Lyngby; x 75 1976-KLK-34 
Scann ing e lectron micrographs. 
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Elphicliidae Catalogue No. Text page 

Figs. 1-4. Elphidiw11 excavatum (Terquem), forma clavara Cushman, 
1930............. .. ... . ............................ . ... .. .... 34 

Fig. I. Specimen from the £. excavaru111 zo ne (Younger Yoldia 
Clay) o f the coastal cliff a t 0 rre Lyngby; x I I 0 . . 1976-KLK-35 
Fig. :?.. Edge view of spec imen from the £. a/bi11111bilica111111 zo ne 

(U ppe r Saxicava Sand) o f bor. IV, spl. no. 4. N0r re Lyngby: x 135 1976-KLK-36 
Fig. 3. Side view of the same specim e n as Fig. 2; X 120 

Fig. 4. Specimen from the£. a/biw11bilica111111 zo ne (U pper Saxica-
va Sa nd) of bo r. IV, sp l. no. :?.. N0r re Lyngby : X 140 . 1976-KLK-3 7 

Figs. 5-8. Elphidium s11barc1ic11111 Cushman, 1944 . . . . . . . . . . . . . . . . . 34 
Figs. 5-6. Specimen from the £. albiw11bilica111111 zo ne (Upper 

Saxicava Sand) of bor. IV . spl. no. 2, N0rre Lyngby: x 80 1976- KLK-38 
Figs. 7-8. Specimen from the £. albi11111bilica111111 zo ne (Upper 

Sa.rica1 ·a Sand) of bor. IV. sp l. 11 0. 2. N0rre Lyngby: Fig. 7. x 70; 
Fig. 8. x 180 1976-K LK-39 

Scanning electron micrographs. 



D .C. U. II. R k . Nr. 11 2 Plate 5 



Plate 6 

Fig. I. Fo ra minife ral asselllb lage frolll the£. excavawm zone (Yo

unger Yoldia Clay) of bor. 111. spl. no. 18. N0rrc Lyngby. The 

fauna is characte rized by the ve ry high dominance of Elphidium 

excava/11111 (Terquem). forma c!ava/a Cushlllan; x 25 . 

Fig. 2. Foralllinifcra l asselllblage from the E. s11baro icw11 zone 

(Lower Saxical'a Sand) of bor. Ill. spl. no . 8, N0rre Lyngby. El

phidi11111 excava111m (Te rq uelll) . fo r!lla c!avara C ushlll a n is the 

dominant spec ies, but the fauna s in this san el y fac ies are 

charact e rized by the rather high freq uenci es of Elphidium subarc-
1icu111 C ushlllan: X 25 

Catalogue No. 

1976-KLK-F l 

l 976-KLK-F2 
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Plate 7 

Fig. I. Foraminiferal assemblage from the E. albiw11bi!ica1u111 zo ne 

(Upper Saxicava Sand) of profil e 2 in the coas t cliff at N0rre 

Lyngby. Elphidi11111 excal'a/w11 (Terq ucm). forma clal'll/G Cushman 

is the dominant species. but the fa una is characterized by the high 

Catalogue No. 

frequency of Elphidi11111 albi11111bilica111111 (Weiss): x 25 .. 1976- KLK- F3 

Fig. 2. Foraminiferal assemblage from the£. albi11111bilica111111 zone 

(Upper Saxica1'a Sand) of bor. IV. sp l. no . 3. N0rre Lyngby. T he 
composition of species is very close to that of fig. I: x 25 1976- KLK- F4 
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