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Magnetic investigations in addition to detail ed litho- and biostratigraphical studies of Late Y o unger Dryas and Holocene sediments 
were carried out on a 39 m long core from Lake Årungen, southeastem Norway. Correlation of the recorded geomagnetic secular 
variation of the inclination for the last 6000 years with other lake sediment magnetic records from Denmark and the UK affords a 
possibility to assign a more detailed time-scale to the younger part of the Årungen core, and to calculate more accurate 
sedimentation rates for the Late Holocene. The bulk rnagnetic parameters are sensitive to lithological variations in the sediments, 
such as glacial versus postglacial muds, the change from a marine to a lacustrine environment, and a turbidite occurring in the 
Holocene sequence. The results indicate the possibility of establishing a geomagnetic mastercurve of the Holocene for southeastem 
Norway. 
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Introduction 
The present study is part of a multidisciplinary project 
which started in 1980 with the aim of restoring the 
strongly polluted Lake Årungen. A detailed study of the 
catchment area and the lake was undertaken by biolo
gists, soil scientists and geologists. The former Depart
ment of Geology at the Agricultural University of 
Norway contributed with a study of the geological devel
opment of the catchment and of the sediments in the 
lake. Three sediment cores were recovered from Lake 
Årungen, and litho-, bio-, and magnetostratigraphic 
studies were carried out. One of our goals was to esti
mate sedimentation rates in the lake and erosion in the 
catchment during Holocene times. Palaeomagnetic stud
ies have proven successful for such investigations else
where (Thompson et al. 1985; Oldfield et al. 1978). 

Geological setting 
Lake Årungen is situated some 30 km south of Oslo 
(Fig. 1). The whole catchment lies within the Precam
brian gneiss complex (Graversen 1973). The topography 
of the catchment area is controlled by a fairly even 
regional bedrock surface, but with north-south oriented 
depressions. The Lake Årungen basin Iies within a major 
fracture zone with a series of overdeepened glacial 
troughs. 

The area was deglaciated between 10,000 and 10,400 
years ago (Nordahl-Olsen 1990; Sørensen et al. 1990), 

and the catchment boundaries both to the north and to 
the south were then formed by large ice-marginal ridges. 
The largest of these, The Ski Moraine, dams the lake at 
the outlet in the northern end (Fig. 1). 

The dominating sediment in the catchment area is 
marine clay. The numerous ice-marginal ridges in the 
area (Rosenfeld 1978) have been reworked during post
glacial regression. They are found today as accumula
tions of beach sediments, mainly sand and gravel. The 
beach sediments are also found around small rocky hills 
which today have thin or discontinuous soil cover. 

Regional sea-leve! changes have been studied by 
Sørensen ( 1979) and Sørensen et al. (1990). The rapid 
palaeogeographical changes during Early Holocene are 
important for our understanding of sediment dispersal to 
the Årungen basin throughout the Holocene. Stone Age 
farming started ca. 5000 years ago, and since then human 
influence in the catchment area has been considerable. 
Today 50% of the area is farmland, and another 11% is 
urban area. The remaining area is forested. 

Stratigraphy and sedimentology 
The sediments in the lake have been studied in three 
cores, two from the deepest parts of the lake and one 
from the delta of one of the major streams entering the 
lake (Fig. 1). The most complete, and !east disturbed 
sediment record is found in core 2, on which core the 
magnetic investigations have been made. Core 2 was 
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Fig. l. Lake Årungen and the surrounding area. (A) Geographical location in southern Norway, with the frame of map B. (B) lee-marginal lines in the Oslofjord 
Region. The numbers are 14C yrs BP. The small frame between Ås and Ski indicates the location of the main map C. (C) Bathymetry of Lake Årungen and topography 
of the surrounding area (contour intervals on land: lOm). The position of the lake cores nos. l, 2, and 3 are shown. Ridges of the Ski Moraine complex are indicated 
by hatching. 

recovered from the deepest part of the lake with a 54-mm 
piston corer (Geonor-K 200), operated from the ice dur
ing winter. The upper 10 m of the sediment was continu
ously cored with l m tubes. Oriented sampling was 
attempted in the upper lO m, but unfortunately this 
proved unsuccessful, as described below. The remaining 
part of the core was sampled with 80 cm tubes, in such a 
way that 20 cm was lost for each metre of sediment. The 
use of shorter tubes was necessary for the measurement 
of undisturbed shear strength. At a sediment depth of 
39 m the corer reached bedrock, or possibly a large 

drops tone. 
The biostratigraphical studies comprise a foraminifera 

and pollen analysis in the marine sequence (Gille bo 
198 3), a dia tom analysis in the lacustrine sequence ( cores 
l and 3), and a pollen analysis in the delta facies (co re 3). 
Four radiocarbon dates have been obtained on shell 
fragments, clay gyttja, and coarse plant debris from the 

lake sediments. The geochronology is also based upon 
correlation with the delta facies (co re 3), and to a nearby 
peat bog where the most important vegetational changes 
have been dated (Sørensen 1990). Detailed descriptions 
of the different sediment facies, clay mineralogy, and 
chemistry are given by Nybakken ( 1985). Some of these 
data are presented in Fig. 3. 

At the time of deglaciation the whole catchment was 
covered by a glacial sea ( see Fig. 2A). The first land 
within the catchment area appeared some 9600 years ago 
and due to rapid land upheaval the open sea phase ended 
ca. 8500 years BP, followed by a shorter sound phase 
(Fig. 2 B). The fjord· phase lasted from ca. 7500 to 5100 
years BP, when the basin was isolated from the sea at the 
ice-marginal ridge in the northern end of the present lake 
(Fig. 2C). 

During the last 8500 years the sources of the sediments 
in the present lake basin are found within the catchment 
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Fig. 2. Three phases in the Holocene palaeogeographical development of the Oslofjord area, and the surroundings and catchment area of Lake Årungen. (A) The 
glaciomarine/open sea phase (ca. 9800 BP). The Lake Årungen catchment indicated by stippled curve in the frame, as enlarged in maps B and C. (B) The sound phase 
(ca. 8000 BP). (C) The fjord p hase (ca. 7000 BP). 

area. The main depositional environments, lithofacies 
and grain-size distribution are presented in Fig. 3. The 
lower 8.5 m of sediments are characterized by arctic 
foraminifera, very low pollen influx, and irregular grain
size distribution with significant sand and grave} content. 

At the boundary to the following massive marine mud, 
accelerator-dated shell fragments yielded an age of 
9450 ± 120 yrs (Fig. 4), when corrected for apparent age 
(Mangerud 1972). This corresponds fairly well with the 
appearance of Co ry/us in the pollen record (Gille bo 
1983). 

The massive marine mud has a very homogeneous 
lithology, except for a turbidite unit at 15.3-17.2 m. The 
mineralogy of the mud is also rather homogeneous, with 
approximately 35% quartz, 15% feldspar, 35% illite and 
15% chlorite. Common accessories are magnetite and 
amphibole. The marine sediments contain some authi
genic pyrite and monosulphides. 

The upper 1.5 m of the marine sediments is laminated 
(Fig. 3). The massive marine mud unit is subdivided into 
six autochthonous and one allochthonous foraminifera 
zones, and three pollen zones (Gillebo 1983). The pollen
zone boundaries are well dated outside the basin. 

The change from a marine to a lacustrine environment 
occurs in the middle of a laminated sediment unit in all 
three cores. The transition from marine, through a very 
brief brackish phase, to lacustrine facies occurs within 
less than lO cm in the sediment, and is determined by 
diatom analysis (Kjemperud 198lb). The 'diatomological 
isolation contact' (as defined by Kjemperud 198la) in 
core 3, is radiocarbon dated to 5100 ± 100 yrs BP. This 
corresponds well with the regional sea-level curve 
(Sørensen 1979). The isolation level is marked on Fig. 3. 

However, the clay gyttja has a low carbon content and 
the date may therefore be uncertain (cf. Olsson 1979). 

The upper marine and the lower lacustrine facies are 
laminated and the sediments contain high levels of iron 
monosulphides. The lacustrine sediments contain terres
trial organic matter, and are more bioturbated than the 
marine mud. The mineralogy is similar to the marine 
mud, with the addition of vivianite, mainly in concretion
ary form. A marked change in grain-size distribution 
occurs at 5-5.5 m in the sediment. This change is associ
ated with a sudden lowering of the lake surface, an event 
which took place some time between 2400 and 1200 BP 
(Sørensen 1980). Two pollen zones can be identified in 
the lacustrine mud (Sørensen, unpublished) and the zone 
boundary is well dated outside the lake. 

In the upper part of core 3 (delta facies) another 
radiocarbon da ting of coarse plant de bris has been carried 
out. The lacustrine sediments in the three cores are 
correlated on the basis of diatom stratigraphy between 
cores l and 3, and lithological correlation between cores 
2 and 3. The marine sediments in cores l and 2 are 
correlated by foraminifera- and pollen analysis. All radio
carbon dates and pollen zone boundaries are therefore used 
for the preliminary time-scale for Lake Årungen (Fig. 4). 

Sedimentation rates 
A full acount of erosion in the catchment and sedimenta
tion in the Årungen basin will not be given here. A brief 
presentation on how the sedimentation rates in the lake 
are calculated is given below. The sedimentation history 
is divided into two main intervals: 
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Fig. 3. Grain-size distribution, environment, and lithofacies of core 2 in Lake Årungen. Disturbances in the upper laminated mud is caused by bioturbation, whereas 
the sediments below the turbidite have been disturbed by friction and loading during the deposition of the turbidite (Nybakken 1985). Sediment-sample recovery was 
almost 100% in the upper JO m, and ca. 80% of each metre from JO m and to the bottom. Location of core, see Fig. !C (star in circle). 
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Fig. 4. Local chronology and biostratigraphy of Lake Årungen and nearby sites, with estimated sedimentation rates in core 2. Pollen- and foraminifera stratigraphy 
from Gille bo ( 1983), and Søren sen (1990 and unpublished). Di atom stratigraphy from Kjemperud ( unpublished). 
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l. The average sedimentation rate from the deglaciation 
up to ca. 6000 BP is based upon radiocarbon and 
pollen-zone datings only. The range in sedimentation 
rate is calculated from one standard deviation of the 
radiocarbon dates (approximately ± 150 yrs) of the 
lower and the upper boundary of the given time interval 
presented in Fig. 4. 

The sedimentation rate for the glaciomarine phase 
(Fig. 4) is based upon the assumption that the coring 
reached bottom ( till or bedrock). If the corer stopped 
on an ice-rafted stone in the glaciomarine clay, the rate 
can be considerably higher than given in Fig. 4. During 
the 'open sea' and the first part of the 'sound phase', 
large land areas appeared in the eastern part of the 
catchment, causing strong reworking of sediments in the 
littoral zone, and consequently high sedimentation rates 
in the Årungen basin. This is also shown as a marked 
reduction in distance from coring site to shore for this 
time interval (Fig. 4). A turbidite of ca. 2 m  thickness 
was deposited during the oldest part of the 'sound p hase' 
(Fig. 3), representing an extreme sedimentation rate (Fig. 
4). 

2. The sedimentation rates from ca. 6000 BP to the 
present can be calculated from two independent data 
sets: the three radiocarbon datings and one pollen-zone 
da ting (P o: Ratio nal Picea limit), and the palaeomag
netic 'inclination curve' (Fig. 8). The correlation with the 
Lake Skanderborg curve (see below) gives a more varied 
sedimentation history for Lake Årungen during the last 
half of the Holocene, compared to the curve based on 
radiocarbon and pollen-zone datings. Both data sets give 
similar and low sedimentation rates during the last part 
of the 'fjord phase' (6000-5000 BP) (Figs. 8 and 9). The 
two curves are markedly different regarding timing of the 
'lake lowering' event, whereas the features f3 and y in the 
upper part of the curve seem to be somewhat hetter 
correlated with the local chronology. 

Magnetic investigations 
Previous magnetic secular variation work 

In Scandinavia, historie magnetic secular variation data 
were published first by Hansteen ( 1819). More recently, 
results from Finland have been published by Nevanlinna 
(1979), and from Denmark by Abrahamsen (1973). Ar
chaeomagnetic results from Finland have been obtained 
by Pesonen et al. (1986), and from Denmark by Abra
hamsen ( 1988). 

Magnetostratigraphic results from late glacial and 
Early Holocene lake sediments, and mid-Weichselian 
cave sediments in western Norway have been published 
by Løvlie & Larsen (1981), and Løvlie & Sanders (1987). 
Results from cave sediments in northern Norway (Noel 
& St. Pierre 1984) and from arctic marine Pleistocene 
sediments by Løvlie et al. ( 1986) have also been pub-
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lished, but no secular variation data from Norway for 
the last 5000 years have yet been published. 

Several magnetostratigraphic results from Swedish 
late-glacial and postglacial sediments have been pub
lished (e.g. by Granar (1958); Mørner et al. (1971); Noel 
(1975); Mørner (1976); Thompson & Berglund (1976); 
Abrahamsen (1982); Bjørk & Sandgren (1986); Sandgren 
& Bjørk (1988)), while late- and postglacial results from 
Denmark have been obtained by Abrahamsen & Knud
sen (1979); Abrahamsen (1980); Abrahamsen & Read
man (1980, 1987); and Readman & Abrahamsen (1988, 
1990). Holocene results from central Finland and north
western Russia have been published by Saarinen ( 1994) 
and Bakhmutov & Zagniy (1990). 

From the Iceland Holocene limnomagnetic results 
were published by Thompson & Turner (1985), and from 
the UK the detailed works on Holocene lake sediments 
by Thompson & Turner ( 1979) and Turner & Thompson 
(1981) are of specific relevance for correlational purposes 
with Nordic data from the Holocene, as are the results 
from the Danish lake Skanderborg Sø (Readman & 
Abrahamsen 1988). 

Magnetic methods of the present study 

Magnetic subsampling from Årungen core 2 was made at 
intervals of l O cm from the 54 mm thick piston core 
sections by pressing 2.5 cm x 2.5 cm cylindrical polysty
rene beakers into the cleaned side of the sediment. The 
specimens were sealed with a lid and kept cool and air 
tight in plastic bags to minimize dehydration. 

A total of 347 palaeomagnetic specimens were col
lected from the 39 m long core, but only the 95 speci
mens from the top l O m were oriented. Hence, direc
tional results of the remanence were obtained from this 
part of the core only. 

As the specimens were of constant volume, the wet 
density could easily be obtained by weighing. The NRM 
(natural remanent magnetization) was measured on a 
Digico spinner magnetometer and afterwards all speci
mens were partially demagnetized in alternating fields 
(A.F.) of 10 and 20 mT and subsequently remeasured to 
remove possible low-coercivity magnetic components of 
viscous origin. Finally, the magnetic bulk susceptibility 
was measured in a low field (l kHz) susceptibility bridge 
with a noise level of 3 x w-6 Sl. 

Magnetic results 

The remanent directions were very stable against A.F. 
demagnetization, the directional changes in remanence 
during demagnetization being typically less than 2° of 
are. Only in three specimens of low intensity (at around 
8. 8 m) were the directional changes as high as 10° in the 
inclination. The m.d.f. (median destructive field) was 
above 20 mT in all specimens with the exception of the 
three specimens mentioned, thus suggesting high mag-
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netic stability against directional changes in the geomag
netic field after the deposition. 

metre (20-30 mA/m), between 8.5 and 10.5 m (l-
30 mA/m), at 15.7 m (lO mA/m), and 17.4-18.9 m (10-
30 mA/m). Below 31.7 m the values are very scattered, 
suggesting a much more unhomogeneous lithology 
(cf. Fig. 3). 

The NRM intensity (10) and the susceptibility (Suse) 
of the core are shown in Fig. 5, and the Koenigsberger or 
Q-ratio (Q = J0/Susc) and the density (wet) are shown in 
Fig. 6. For the ( oriented) to p l O m of the co re the full 
magnetic results (NRM intensity, declination and incli
nation) are shown combined in Fig. 7. As the values at 
A.F. demagnetizing fields of O, 10, and 20 mT are virtu
ally identical, only the results for the moderate demagne
tizing field of F= 10 mT are shown. 

Both the magnetic susceptibility (Fig. 5b) and the wet 
density '(Fig. 6b) increase smoothly and conformly with 
depth down to ca. 16 m, and stay rather constant be
tween 16 and 31.5 m, but with marked exceptions 
(peaks) around 3.7-4.3 m and 16.2-17.2 m, and with 
higher and somewhat noisier values below the 31.7 m 
level. The two parameters are obviously correlated, and 
pick up nicely the various lithological shifts between the 

NRM intensities (Fig. Sa) are typically between 50 and 
l 00 mA/m, with systematically low values in the top 

Fig. 5. NRM intensity (A) and magnetic 
susceptibility (B) in core 2. 
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Depth (m) 

30 40 Fig. 6. Q-ratio (A) and wet density (B) in 
core 2. 

glaciomarine and marine muds at 31.5 m, the turbidite at 
15.5-17 m, and the transition in the laminated mud (at 
8.5 m) and between the disturbed and massive lacustrine 
mud at 4 m. The variation in wet density and susceptibil
ity probably mirrors a correlation between the grain size 
and the ratios of the mineral/water con tent as well as the 
high-susceptibility/low-susceptibility mineral content in 
the sediment. 

The Q-ratio (Fig. 6a) shows marked differences be
tween the limnic top part of the core (0-8.5 m) with 
Q-values oscillating between l and 3, the marine part 
between 8.5 and 31.7 m with Q-values between 0.5 and l, 

and the highly scattered Preboreal/glacial values oscillat
ing between Q = O and 2 below ca. 30.5 m. Even inside 
the turbidite (the allochthonous foraminifera zone ÅM7 
between 15.4 and 17.2 m) a gradual change is visible in 
the NRM as well as in the susceptibility due to the 
graded bedding. No specific opaque mineralogy study 
was carried out, but the bulk magnetic parameters ap
pears as quite sensitive recorders of lithological varia
tions in the sediment and hence of the background 
environmental conditions. 

The cyclical variation of the Q-ratio in the top 8.5 m of 
the core (younger than ca. 5000 yrs.) might indicate 
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Fig. 7. Remanent intensity, declination and inclination after 100 Oe AF demag
netization, in the Late Holocene part of core 2. Inclination peaks are Iabelled with 
Greek Ietters (see also Fig. 8 and text for further explanation). 

variations in the geomagnetic total field intensity, as may 
be seen in deep-sea sediments (e.g. Abrahamsen 1993). 
However, comparisons with other global field intensity 
data (e.g. compilation by McElhinny 1983) show this 
variation to be in opposite phase to that of the Lake 
Årungen core. Thus the highly varying Q-ratio in the top 
of this limnic, young Holocene part of the core probably 
has recorded local lithological fiuctuations only, rather 
than global variations in the geomagnetic field intensity. 

Although efforts were made to obtain a true azimuthal 
orientation of the sections of the top l O m of the core 
during the drilling operations, the declination record of 
Fig. 7 reveals that this was no great success, the declina
tion showing marked correlations with the l m long tube 
sections of the co re, with discrepancies up to 150° (at 
4.95 m depth). If we try to correct for these apparent 
azimuthal tube rotations, the declination variations add 
up to more than 180° between 3 and 7 m depth, which is 
quite unrealistic for the geomagnetic secular variation 
around this time interval between 2000 and 4000 BP. The 
tubes must have rotated in azimuth in an uncontrolled 
way during the coring. We therefore discard the declina
tion record of this core as probably being unreliable for 
secular variation studies of the declination. 

The inclination record 

In contrast to the declination, the inclination record 
(Fig. 7) shows a more reliable secular variation pattern . 
Applying the Fisher inclination statistics of Kon o ( 1980), 
(see also Tarling ( 1983)), as only the inclinations are 
reliably known, we find the mean inclination ( omitting 
five abnormal values, which are all below 50°) to be 
Im = 7 1 .2°, (precision parameter k = 58.4, radius in 95% 
significance cone �5 = 1 .9°, number of specimens 
N = 98). With a site latitude of 59 .SON, the expected 
axial dipole inclination at the site is 10 = 73.6°, or 2.4° 
higher than the mean inclination of the sediment core . 

Considering the low value of �5, the difference of 2.4 o 

between Im and lo is significant at the 95% significance 
level; however, a minor rnisorientation of the vertical core 
during the coring process of only about 1/2° would suffice 
to account for the difference, which is not unlikely. We 
may therefore conclude that the overall mean of the 
inclination is virtually unaffected by inclination errors due 
to deposition of the sediment. Neither has the inclination 
been seriously affected by postdepositional processes like 
compaction, dehydration or viscous magnetizations . 

The secular variation peaks visible in the inclination 
record (Fig. 7) have been labelled with Greek letters in 
accordance with the labelling of Turner & Thompson 
( 198 1 ), suggesting that the 14C dated (ca. 5 100 ± l 00 BP) 
low in our inclination record around 8.5 m corresponds 
to label () of Turner & Thompson. Turner & Thompson 
assigned an absolute age of ca. 5200 BP to this inclina
tion low, whereas Readman & Abrahamsen ( 1988) sug
gest a somewhat younger age of ca. 4850 BP for this 
feature. Provided the assignment of the magnetic labels 
on the inclination record of lake Årungen is correct 
(being mainly dependent on one 14C dating), the part of 
the core younger than about 6000 years BP (label K at 
9.8 m) may be correlated fairly accurately by means of 
the magnetic inclination swings to the British (Turner & 
Thompson 198 1) as well as the Danish (Readman & 
Abrahamsen 1988) limnic sedimentary records available. 

The inclination records from Lake Årungen and Lake 
Skanderborg are juxtaposed and made comparable in 
details in Fig. 8, the geographical site of Lake Skander
borg in Denmark being ca. 400 km south of Lake 
Årungen. Supposing the simplest possible correlation 
between the inclination of the two lakes, the individual 
swings have been labelled accordingly, and tie-lines 
drawn between them. Applying the time-scale of Lake 
Skanderborg, which is based upon 15 radiocarbon dates 
younger than 5000 BP, we can thus assign more detailed 
ages to the different levels of the younger part of the co re 
from Lake Årungen than are otherwise available. 

Summary and conclusions 

The most conspicuous features of the bulk magnetic 
parameters are the good correlation of the variations in 
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the susceptibility (and density) curves with changing 
environmental features, such as the change from 
glaciomarine to marine facies ( 32 m, Figs. 3, 5a and 6b ), 
the occurrence of a turbidite in the marine sequence ( 16 
to 17 m), and the erosional phase after the lake lowering 
with redeposition of coarser materials (small peak 
around 4 m depth). 

The NRM intensity and the Q-ratio vary irregularly in 
the more chaotic glaciomarine sediments (Figs. 3, 5a and 
6a, below 32 m), the Q-ratio is generally low in the 
marine muds (32-8 m) as compared with the lacustrine 
mud (0-8.5 m), and the transition between a marine and 
a lacustrine environment is quite conspicuous (8-9 m). 
The last-mentioned feature is mostly due to a steep 
increase in the NRM intensity of the laminated mud, 
related to the shift from a marine to limnic environment. 

Although the Årungen declination record is unreliable 
because of uncontrolled azimuthal rotations of individual 
core sections, the inclination record of the top lOm 
(down to ca. 6000 BP, Fig. 8) may be related to the 
Danish inclination record of Lake Skanderborg, situated 
400 km south of Lake Årungen (Readman & Abraham
sen 1988), and in which major features are tied up to the 
British composite mastercurve (Turner & Thompson 

§-

lake Skenderborg 
.... 

---K 

lake ÅrUngen 
o � � � t s s � s ! 

-500 * B.P. 

( * : 14c dates from core 3 ) 

Fig. 8. Variation of inclination in the Late Holocene lake sediments from Lake 
Årungen compared with Holocene results from Lake Skanderborg, Denmark 
(Readrnan & Abrahamsen 1988). The secular variation peaks of both records 
have been labelled with Greek letters in accordance with the labelling of Turner 
& Thompson ( 1981 ). See text for further explanation. 

o 

-

1-

-

2-

-
-l 
3' ... 3 � 10> 
= 
"= 

-:,... 

4 

-

s-

-

6-

o 

NORSK GEOLOGISK TIDSSKRIFT 75 (1995) 

mm/y 
s 

q---------1 
r---� l 

l LI 
l 

____________ J 
l 
l d 
l l 4n 
l 

IJ 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l_ 1 

l 
l 
l 
l 
l 

-

Fig. 9. Comparison of sedimentation rates for the Late Holocene in Lake 
Årungen, based on the established magnetic chronology from Fig. 8 (full line), 
and the first estimates in Fig. 4 (broken line). L. indicates the lake lowering 
episode according to the first estimate (Fig. 4), while Lm indicates this episode as 
based upon the magnetostratigraphic correlation (Fig. 8). 

198 1 ), originating from lakes situated a bo ut l 000 km SW 
of Lake Årungen. 

Sedimentation rates are finally illustrated in Fig. 9. 
The time-scale for the younger part of core 2 (Fig. 8), 
revised by correlation via the magnetic inclination pat
tern to the time-scale of the Danish Lake Skanderborg, 
shows that the 'lake lowering' which previously, based on 
sedimentological evidence only, was thought to have 
occurred between 1200 and 2400 BP, most likely took 
place at an earlier time, around 3000 BP (cf. Figs. 4 and 
9). Thus, by involving magnetic results also in the corre
lations, a more differentiated record may be obtained, 
although minor discrepancies between the local radiocar
bon chronology and the magnetic chronology still exist 
(e.g. Readman & Abrahamsen 1988). 

Hence the Årungen magnetic secular variation data 
demonstrate the usefulness of this type of information. 
The results may serve as a step towards establishing a 
more detailed and well-constrained, local geomagnetic 
mastercurve for the Holocene of south Norway. 
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