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SUMMARY 
High-resolution magnetostratigraphic analysis of three sediment cores from the base 
of the volcanic seamount Vesteris Banken in the Greenland Basin and one core from 
the Jan Mayen Fracture Zone revealed records of three pronounced geomagnetic events 
within the last 200 ka. Dating by stable carbon and oxygen isotope analysis, AMS14C 
measurements and biostratigraphic data (foraminifera abundances) yielded ages of 
28-27 ka for the Mono Lake excursion, 37-33 ka for the Laschamp event, and 189- 
179 ka for the Biwa I event. In at least one of the cores the Laschamp event exhibits a 
full reversal of the local geomagnetic field vector. The same is true of the Biwa I event, 
documented in one of the cores. 

Key words: Biwa I event, Brunhes Chron, Greenland Sea, Laschamp event, 
magnetostratigraphy, Mono Lake excursion. 

INTRODUCTION 

In this paper we report results relating to short-polarity events 
within the geomagnetic Brunhes Chron. Sediment cores reco- 
vered by R/V Polarstern from the Greenland Sea at about 
73.5"N presented an opportunity to fill a gap in the database 
of these high-frequency features of the geomagnetic field as 
derived from sites further north and south. Magneto- 
stratigraphic data from sediment cores recovered along 
a transect across the Kolbeinsey Ridge at 69.5"N (Bleil & 
Gard 1989), in the Fram Strait at 79"N (Nowaczyk 1991; 
Nowaczyk & Baumann 1992) and on the Yermak Plateau at 
81"N (Lsvlie et al. 1986) and 82"N (Nowaczyk et al. 1994) 
yielded consistent evidence that the Brunhes Chron of normal 
polarity has been interrupted by several short intervals of 
reversed polarity with a duration of up to 10 ka. The predomi- 
nant lithogenic origin of the sediments results in fairly high 
intensities of the natural remanent magnetization (NRM), 
enabling a stepwise and complete demagnetization of the 
magnetostratigraphic samples with the remaining remanence 
still significantly higher than the noise level of the cryogenic 
magnetometers used for the measurements. Bioturbation in 
these sediments is fairly low or not observed over long sections 
of the recovered cores. The sediments investigated therefore 
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proved to be an ideal material to study geomagnetic excursions 
and polarity events as documented in the deposits of the 
Greenland Sea. 

Sedimentological parameters, biostratigraphic data and, in 
particular, continuous high-resolution logging of the magnetic 
susceptibility performed on the cores investigated for this study 
permitted a detailed correlation of the recovered sediments. 
Analysis of stable isotopes, 6l8O and 6I3C, and AMS14C 
(accelerator mass spectrometry) dating provided a sufficient 
time frame to reconstruct the geomagnetic field variations 
throughout the last c. 200 ka. The new high-resolution data 
support the results on the geomagnetic events already derived 
from sediments between 69.5"N and 82"N, and provide further 
detailed information on their palaeomagnetic signature, time 
of occurrence and duration. 

GEOLOGICAL A N D  OCEANOGRAPHIC 
SETTINGS 

The Greenland Sea basin structure is linked to major fracture 
zones and ridges (Vogt 1986). The surrounding morphological 
structures, for example the Greenland continental slope with 
its adjacent shelf and the Knipovich and Mohns ridges, are 
controlling factors of the oceanic circulation (Johannessen 
1986). Plate tectonic spreading processes have led to the 
development of a complex bathymetry since the Palaeocene 
(Fig. 1). One of the results of basaltic volcanism is the genesis 
of the Vesteris Banken seamount, which rises up from the 
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Figure 1. Bathymetry of the Greenland Sea and adjacent areas after Perry et a/. (1986). Numbers around Vesteris Banken seamount indicate sites 
of sediment cores investigated in this study. Depth intervals are in thousands of metres. 

Greenland abyssal plain to a water depth of only 133m 
(Johnson & Campsie 1976). This is a unique morphological 
feature of the northern North Atlantic ocean floor and necessi- 
tates a discussion of the influence on the hydromechanic regime 
in the vicinity of such isolated barriers (Hogg 1973; Roberts 
et al. 1974; Antonow 1995). 

The Greenland Sea represents an important mediator 
between the Arctic ocean and the northern North Atlantic. 
This area is remarkably sensitive to oceanographic and climatic 
changes due to the exchange and mixing of water masses from 
the Polar and Atlantic regions. The modern hydrography of 
the Greenland Sea is dominated by water masses of the Arctic 
domain. The influence of contrasting water masses from the 
Polar and Atlantic domains in the Greenland Sea has been 
variable since middle Pleistocene times. Frequently, the oceanic 
fronts in the central Greenland Sea area have been close 
together, allowing only a narrow Arctic domain to exist (Junger 
1994; Antonow 1995). 

Greenland Sea sedimentation is mainly dominated by terres- 
trial sediment input. Large amounts of sediment-laden sea-ice 
are transported via the transpolar drift, mainly from the 
Eurasian shelves, across the North Pole to the Fram Strait, 
supplying fine-grained ice-rafted detritus (IRD) to the geosys- 
tem of the northern North Atlantic (Wollenburg 1993; Kassens 
et al. 1994). Another source of IRD is calving of glaciers from 
the Greenland, Scandinavian and Barents Sea ice sheets. 

Within the Greenland Sea, IRD is distributed by the southerly 
directed East Greenland current and the anticyclonic 
Greenland Sea gyre, Jan-Mayen and Return Atlantic current 
circulations. IRD abundance in Pleistocene sediments docu- 
ments the persistent climatic contrasts of severe polar con- 
ditions and iceberg melting in parts of the Greenland Sea and 
in the Fram Strait (Bischof 1990; Spielhagen 1991; Baumann 
et al. 1994; Goldschmidt 1994; Nam et a/. 1995). 

Planktic and/or benthic fossils are rare in Greenland Sea 
sediments during glacial highstands (Baumann 1990; 
Birgisdottir 1991; Struck 1992; Bauch 1993; Junger 1994). The 
local abundance of coccolithophorids, however, documents 
uninterrupted biogenic sediment input during glacial con- 
ditions (Gard 1987, 1988; Gard & Backman 1990). Primary 
production was, of course, much higher during interglacial 
periods. The variations in calcium-carbonate content reflect 
strong climate-induced changes in the inflow of warm Atlantic 
surface-water masses and in palaeoproductivity (Baumann 
et al. 1993). The amounts of total organic carbon (0.2-0.3 
weight per cent of bulk sediment) suggest ‘normal’ (hemi) 
pelagic sedimentation over large parts of the abyssal Greenland 
Sea (Junger 1994, Antonow 1995). 

CORE SITES A N D  MATERIALS 

During two coring campaigns of the research ice-breaker R/V 
Polarstern, square-barrel Kastenlot corers (KAL) were 
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deployed in the Greenland Sea (Table 1). One KAL with an and 1892; Cruise ARK VII/l). All sediment cores are 
opening of 15 x 15 cm was recovered from the Jan Mayen composed of greyish, greenish and brownish lithogenic hemi- 
Fracture Zone (site PS 1707; Cruise ARK V/3a) and three pelagic muds with a grain-size range of clay to sandy silty 
30 x 30 em KALs from the Greenland Basin around the base clay. Sediments from the base of Vesteris Banken are 
of the volcanic seamount Vesteris Banken (sites PS 1878, I882 interrupted by units of black coarse-grained ( > 6 3  pm) to 
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Figure 2. Spatial sensitivity of the Bartington MS2F sensor. The lateral sensitivity (a) was tested by moving a thin magnetite-covered plate along 
the base of the sensor according to (b). The vertical sensitivity (c) was tested by removing the plate according to (d). 
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Figure 3. Correlation of sediment cores (dashed lines) recovered from the base of the volcanic Vesteris Banken seamount. High-resolution magnetic 
susceptibility logs derived from measurements on U-channels with a Bartington MS2F sensor at a spacing of 5 mm. Squares in the susceptibility 
log of PS 1892-3 KAL indicate where data were determined on discrete palaeomagnetic samples because of core disturbance. Black and grey 
stripes to the left of each log indicate the positions of volcanic ash layers. 
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Table 1. Location, water depth and length of sediment cores used in 
this study. 

Core number Latitude Longitude Water depth Length 

PS 1707-2 KAL* 72" 36.9' N 13" 48.4' W 2122 m 530 cm 
PS 1878-3 KAL 73" 15.3' N 9" 00.7' W 3048 m 469 cm 
PS 1882-2 KAL 73" 36.0' N 8" 19.3' W 3175 m 650 cm 
PS 1892-3 KAL 73" 44.1' N 9" 41.2' W 3002 m 436 cm 

KAL: square barrel Kastenlot corer, 30 x 30 cm; KAL*: 15 x 15 cm 

olive-green fine-grained (< 63 pm) volcanic (basaltic) ash 
layers. These ash layers are composed of glass and rock 
fragments together with some crystalline components. A 
detailed geochemical investigation has been performed by 
Haase, Hartmann & Wallrabe-Adams ( 1996). More detailed 
core descriptions of ARK VII/1 cores are given in Thiede & 
Hempel (1991) and Antonow (1995). 

According to Nowaczyk & Baumann (1992), sampling for 
magnetostratigraphic and rock magnetic analysis was carried 
out using cubic plastic boxes (volume=6.2 cm3) with a stan- 
dard spacing from centre to centre of 5cm. In addition, all 
four cores were subsampled using U-channels with an internal 
size of 28 x 28 mm and a length of 1100 mm with an overlap 
of about 200 mm. 

MAGNETIC SUSCEPTIBILITY 
MEASUREMENTS 

A Bartington MS2B sensor was used to determine the magnetic 
susceptibility K of all palaeomagnetic samples at 460 Hz (low- 
frequency K ,  xLF) and 4600 Hz (high-frequency K ,  K " ~ ) .  The 
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U-channel subcores were scanned with a Bartington MS2F 
sensor (operating frequency 580Hz) in steps of 5 m m .  The 
volume affected by the measuring field of the probe is very 
small. The sensor has a very narrow sensor characteristic along 
the core axis with a half-width of 12 mm (Figs 2a and b). The 
penetration of the measuring field was tested with a thin 
magnetite-covered disc according to Figs 2(c) and (d). The 
sediment can be looked upon as a continuous succession of 
such thin discs. Therefore, the value displayed by the suscepti- 
bility meter is proportional to the area below the curves in 
Figs 2( b) and (d). Because the response function in the vertical 
direction decreases very rapidly with distance from the sensor, 
it must be oriented strictly perpendicular to the sediment 
surface, completely touching it. 

Prior to scanning, the sediment surface was cleaned and 
covered with a thin plastic foil to prevent the sensor from 
contamination. An empirically derived calibration factor of 
16.1 was used to yield susceptibility multiples of (SI). 
The drift of the probe was monitored by taking measurements 
every 10-20 cm at least 5 cm above the U-channel, so that the 
measuring field did not reach the core surface. The drift was 
interpolated linearly and subtracted from the logs. 

Fig. 3 shows the correlation of the cores from the base of 
Vesteris Banken derived from high-resolution susceptibility 
logging of the U-channels. The logs are dominated by distinct 
peaks with extremely high susceptibility values of up to 
16000x (SI). These peaks are related to the (basaltic) 
ash layers as indicated by the grey and black stripes to the left 
of each log in Fig. 3. The ash layers are situated within 
hemipelagic sediments where susceptibilities range from only 
300 to 800 x (SI). It can be assumed that due to the 
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Figure4 6'*0 and 6I3C records of N.  pnchyderma sin. from Vesteris Banken sediment cores. Numbers between the two records of each core 
denote oxygen isotope stages with their boundaries indicated by solid lines. AMSI4C ages where indicated. Volcanic ash layers as in Fig. 3. The 
wavy line indicates a hiatus in core PS 1892-3 KAL. 
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directions of wind and water currents volcaniclastics ejected 
during an eruption will be deposited unevenly around Vesteris 
Banken. Therefore, the absolute amplitudes and the width of 
the peaks related to ash layers may vary within an order of 
magnitude. Nevertheless, the high data density of 200 measure- 
ments per metre and the spatial resolution of the MS2F sensor 
of 12mm allows a very detailed peak-to-peak correlation of 
the susceptibility logs. For reasons of clarity, Fig. 3 shows only 
subsets of the correlation data, generally based on more than 
50 depth levels in each core. The stable isotope data as well 
as biostratigraphic data, discussed in the next section, are 
included in the correlation scheme. 

AGE MODEL FOR VESTERIS BANKEN 
SEDIMENTS ACCORDING TO AMS14C 

STRATIGRAPHY (6 l80 ,  613C) AND 
BIOSTRATIGRAPHY 

For AMS14C measurements, 1200-1300 specimens of the 
planktic foraminifera Neogloboquadrina pachyderma sin. were 
selected from the 125-250 pm grain-size fraction for each 
sample. The measurements were carried out at ETH Zurich 
(Switzerland) following the standard procedure described by 
Kromer et al. (1987). Determined ages were corrected accord- 
ing to Bard (1988), Bard et al. (1990) and Winn, Sarnthein & 
Erlenkeuser (1991). The results of the AMS14C measurements 
are listed in Table 2. The values are corrected for the marine 
reserve effect. It should be noted that the age of the sample 
from 350 cm sub-bottom depth (40.21 ka) in core PS 1882-2 
KAL is probably out of the accuracy range of AMS dating 

DATING, STABLE-ISOTOPE 

(about 40 ka). Therefore, this result is not used for further age 
modelling. 

Stable isotope analysis was performed using 20-30 tests of 
N. pachyderma sin. (fraction 125-250 pm) per sample 
(Schiffelbein 1986). The material was prepared following the 
procedure of Duplessy (1978) and Ganssen (1983). The isotope 
ratios 6 I 8 0  and 613C were determined using a Finnigan MAT 
251 mass-spectrometer at the C-14 Laboratory of the Christian- 
Albrechts-University of Kiel, Germany. The results are related 
to the PDB standard (Craig 1957; Craig & Gordon 1965). The 
deviation interval of measurements using very small amounts 
of sample (about 20 pg) ranges up to 0.09 %O for 6'*0 values 
and up to 0.04 %O for the 613C measurements (H. Erlenkeuser, 
personal communication, 1994). The ratios of the stable iso- 
topes 6 l80  and 613C of the sediment cores from the Vesteris 
Banken area presented in Fig. 4 together with the AMS14C 
ages are typical of Middle/Late Pleistocene to Holocene values 
of the Norwegian-Greenland Sea. Comparisons with well- 
known patterns of 6 l80  and 613C curves (Shackleton & 
Opdyke 1973, 1976; Imbrie et al. 1984; Martinson et al. 1987), 
as well as with more recent results from additional sites in the 
Norwegian-Greenland Sea (Vogelsang 1990; Sarnthein et al. 
1992; Weinelt 1993; Junger 1994), resulted in an oxygen isotope 
stratigraphy and the correlation of these three sediment cores 
(Antonow 1995). 

The biogenic components from the coarse-grained fraction 
(125-500 pm) were counted in order to determine general 
trends in sedimentological variations. As a representative 
result the abundance patterns of the benthic foraminifera Pyrgo 
sp. and Cibicidoides wuellerstorfi are displayed in Fig. 5. A 
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Figure 5. Abundance patterns of benthic foraminifera expressed by grain per cent of Pyrgo sp. and Cibicidoides wuellerstorfi counted from the 
grain-size fraction 125-500 pm. Volcanic ash layers as in Fig. 3 and oxygen isotope stages as in Fig. 4. 
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Table 2. AMSl4C ages of sediment samples from Vesteris Banken. 

Core number Sub-bottom I4C age I4C age Standard deviation 
depth (cm) (ka) 

PS 1878-3 KAL 280 28.530 
PS 1882-2 KAL 75 18.630 
PS 1882-2 KAL 350 40.610 
PS 1892-3 KAL 90 32.230 

more detailed presentation of the biostratigraphic and 
sedimentological results is given in Antonow (1995). 

The synthesis of magnetic susceptibility data, AMSI4C ages, 
6 l 8 0  and 6I3C stratigraphy and foraminifera abundance pat- 
terns facilitated the evaluation of the age model for the cores 
from Vesteris Banken, as shown in Table 3, and the correlation 
and assignment of oxygen isotope stage boundaries, as shown 
in Figs 3-5. Based on this age model, sedimentation rates for 
isotope stages 1-3 at site PS 1878 (about 10cm ka-' on 
average) are twice as high as at site PS 1882 for the correspond- 
ing time interval. Although the Holocene deposits at site 
PS 1892 are also as thick as at site PS 1878, the younger 
glacial period (stages 2 and 3) is completely missing or docu- 
mented by a much thinner sediment succession than at the 
other sites, as can be seen in particular from the biostratigraphic 
and isotope data (Figs 4 and 5) .  In general, sedimentation 
rates for isotope stages 4-6 at site PS 1892 (2.2 cm ka-l) are 
lower than at site PS 1882 (5.5 cm ka-'). The oldest sediments, 
reaching back to isotope stage 8, were recovered in the base 
of core PS 1892-3 KAL, from the site with the lowest 
sedimentation rates around Vesteris Banken. 

The highly variable sedimentation rates around the Vesteris 
Banken seamount are obviously a result of the intraplate 
seamount itself. Such an isolated feature situated near the 
middle of the Greenland Basin acts as a barrier against moving 
water masses and results in a local distortion of the main 
water-current regime with a partly upwelling circulation pat- 
tern (Roden 1987) and significantly varying current velocities. 
Enhanced sedimentation is thus linked to decreased current 
velocities, whereas increased current velocities result in a 
reduced sedimentation or even erosion. 

MAGNETOSTRATIGRAPHIC RECORDS 

Measurements of the natural remanent magnetization (NRM) 
were mainly carried out at the Fachbereich Geowissenschaften 
(Department of Geoscience), University of Bremen, Germany, 
using a three-axis cryogenic magnetometer (Cryogenics 
Consultants, Model GM400). This instrument is based on 
AC-SQUIDS (Superconducting Quantum Interference Device) 
with a noise level of lo-' A m-' maximum. Demagnetization 
of core PS 1707-2 KAL* was performed with a single-axis 
alternating-field (AF) demagnetizer, Schoenstedt GSD-1 (maxi- 
mum AF amplitude 100 mT). A 2G Enterprises 600 degausser 
(maximum AF amplitude 270mT) was used for cores 
PS 1878-3 KAL and PS 1882-2 KAL. For further details see 
Nowaczyk & Baumann (1992) and Nowaczyk et al. (1994). 
Finally, core PS 1892-3 KAL was processed at the Laboratory 
for Paleo- and Rock Magnetism of the GeoForschungsZentrum 
(GFZ) Potsdam, Germany, with a 2G Enterprises 755 SRM 
(Superconducting Rock Magnetometer) based on DC SQUIDS 
with a noise level of not more than A m-'. The 
magnetometer with an access diameter of 42 mm is equipped 

corrected (ka) la (ka) 

28.130 0.300 
18.230 0.160 
40.210 1.020 
31.830 0.480 

Table 3. Age models for the three core sites around Vesteris Banken. 
Asterisks indicate AMSI4C ages from Table 2. 

Age (ka) Sub-bottom depth (cm) 

0.00 
6.50 
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59.00 
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79.25 
90.95 
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224.89 
240.19 
244.18 

1878 
0 

35 
56 
75 
90 

105 
130 
145 
195 
20 1 
223 
235 
255 
275 

*280 
286 
310 
330 
340 

350 
367 
383 
390 
425 
432 
454 
469 

1882 1892 
0 30 
7 55 

21 65 
35 85 
45 
52 
65 

*75 
93 
98 

104 
110 
145 
155 
160 
163 
168 
172 
178 

182 
198 
209 
215 
232 
242 
255 
260 
270 
355 112 
375 147 
400 155 
410 160 
435 177 
465 190 
570 223 
590 240 
607 252 
630 280 

290 
300 
325 
345 
360 
370 
380 
405 
420 

85 

*YO 

with a long-core handler for U-channels with a maximum 
length of 150 cm, also usable for eight discrete samples at a 
spacing of 20 cm, and an in-line three-axis degausser (maximum 
AF amplitude 150 mT). 
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Figure6. Orthogonal projections (Zijderveld diagrams) of 12 successive samples of core PS 1707-2 KAL* from the Jan Mayen Fracture Zone 
documenting the Laschamp geomagnetic polarity event. The left diagrams all display the horizontal magnetization components, whereas the right 
diagrams mainly display the vertical component versus the north/south component, or east/west component where indicated. The asterisk in each 
curve denotes the NRM measurement. The data are displayed in geographic coordinates (see text) and axis scaling is in mA m-'. 
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Figure 7. Magnetostratigraphic results of (a) core PS 1707-2 KAL*, Jan Mayen Fracture Zone, and (b) core PS 1878-3 KAL, Vesteris Banken 
seamount, Greenland Sea: downcore variations of ChRM inclination, ChRM declination and NRM intensity. 
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Figure 8. Correlation of core PS 1707-2 KAV from the Jan Mayen Fracture Zone with core PS 1878-3 KAL from the base of Vesteris Banken 
using ChRM inclinations and the normalized relative palaeointensity records approximated by the ratio of NRM and ARM intensity after 
demagnetization with 50 mT. 
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NRM intensities of the cores investigated are in the range 
10-2-10-' A m-l for all four cores, with some samples 
reaching almost 1 A m-l, associated with basaltic ash layers 
in Vesteris Banken sediments. After removal of viscous over- 
prints, the quality criteria of Nowaczyk & Baumann (1992) 
were used to verify the stable direction of the characteristic 
remanent magnetization (ChRM): 

(1) monotonic decay of remanent magnetization with 

(2) close clustering of the resultant vectors; 
(3) clustering of the difference vectors in the same direction 

as the resultant vectors; 

which is equivalent to a decrease of the orthogonal vector 
components along straight lines through the origin of the 
Zijderveld diagrams. The ChRM direction was calculated by 
averaging successive demagnetization steps with parallel result- 
ant and difference vectors as well as by principle component 
analysis (Kirschvink 1980). The declinations of all normal- 
polarity samples (IChRM >45") of a core were averaged as an 
approximation of the core's azimuthal orientation in order to 
interpret the recorded geomagnetic field variations with respect 
to geographic coordinates. 

The demagnetization results processed in this way are now 
discussed with 12 successive samples of core PS 1707-2 KAL* 
(Fig. 6) from the Jan Mayen Fracture Zone. These samples, 
like all others from this core, were demagnetized in steps of 
10, 20, 30, 40, 50, 65, 80 and 95mT, some of them with 
additional steps of 2 and 5 mT. They document a geomagnetic 
polarity event within oxygen isotope stage 3, identified as the 
Laschamp event (Bonhommet & Babkine 1967). The 
Zijderveld diagrams of Fig. 6 are plotted in absolute intensities 
(mA m-') in order to demonstrate that the magnetization is 
clearly above the maximum noise level of the magnetometers 
( A m-'), even at the maximum demagnetization level of 
95 mT. In all 12 samples a steep normal-polarity overprint 
was first removed. After the application of A F  levels of 
30-50 mT, stable directions of different varieties are isolated: 
negative inclinations associated with northerly (372 cm), as 
well as westerly (357, 362 and 367 cm) and southerly (347 and 
352cm), declinations. The last two samples can be looked 
upon as fully reversed, whereas the other samples mentioned 
previously represent more intermediate field directions. Sample 
397 cm, with a stable steep positive inclination but southerly 
declination, also represents an intermediate field direction. 

The magnetostratigraphic results, downcore variations of 
ChRM inclination and corrected declination together with the 
NRM intensity of core PS 1707-2 KAL* are illustrated in 
Fig. 7(a), showing the pronounced polarity reversal of the 
Laschamp event in the lower part of the core. A fairly similar 
magnetostratigraphic record was obtained for core PS 1878-3 
KAL from the base of Vesteris Banken (Fig. 7b). Again, the 
Laschamp event with a pronounced inclination anomaly (350- 
390 cm) is documented in the ChRM inclination log but with 
northerly declinations ( ~ 0 " )  only. In addition, further upcore 
at 260cm, a younger short excursion is documented. One 
sample shows both a negative ChRM inclination and a south- 
erly ChRM declination ( ~ 1 8 0 " ) ,  and the next four younger 
samples define a clear trend over shallow to steep normal 
inclinations. At least one sample directly above and below the 
fully reversed sample also shows a declination strongly deviat- 
ing from the majority of the (normal-polarity) samples. This 
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Figure 9. Magnetostratigraphic results of (a) core PS 1882-2 KAL 
and (b) core PS 1892-3 KAL, Vesteris Banken seamount, Greenland 
Sea: downcore variations of ChRM inclination, ChRM declination 
and NRM intensity. 

excursion can be related to the Mono Lake event (Denham & 
Cox 1971) because it is located 20cm above an AMS14C 
dating which assigns an age of 28.13 ka to the sub-bottom 
depth of 280 cm (Table 2). 

Correlation and dating of core PS 1707-2 KAL* from the 
Jan Mayen Fracture Zone with core PS 1878-3 KAL from 
the base of Vesteris Banken could be achieved by using the 
ChRM inclination and the relative palaeointensity records 
approximated by the ratio JNRM( 50 mT)/J,,,( 50 mT) (Fig. 8). 
The high-resolution magnetic susceptibility logs derived from 
U-channels were also used in order to refine this correlation. 
For the approximated palaeointensity record of core PS 1878-3 
KAL all samples taken from ash layers were left out so that 
the record is based only on data from hemipelagic muds 
with quite reasonably constant rock magnetic parameters 
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Figure 10. Sediment cores from the base of Vesteris Banken seamount, Greenland Sea: downcore variations of inclinations of the ChRM. Volcanic 
ash layers and correlations according to Figs 3, 4 and 5 
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Figure 11. Age-depth plots of the cores from the Jan Mayen Fracture 
Zone (left) and Vesteris Banken (right). 

(Nowaczyk 1997, this issue). With the correlation shown in 
Fig. 8 and the age model given in Table 3, the inclination swing 
at 280cm in core PS 1707-2 KAL* may be interpreted as an 
incomplete record of the Mono Lake excursion and the 
excursion near the core base as part of the Norwegian- 
Greenland Sea event (Bleil & Gard 1989; Nowaczyk & 
Baumann 1992; Nowaczyk et al. 1994). 

The Mono Lake event is also documented in core PS 1882-2 
KAL at 150 cm (Fig. 9a). In this core the Laschamp event is 
documented only by some shallow inclinations (215-180 cm). 
A short excursion at 410 cm within the late stage 5 might be 
due to the Norwegian-Greenland Sea event. However, the 

palaeomagnetic data from core PS 1882-2 KAL are of lower 
quality because numerous ash layers and a few thin turbidites 
are intercalated with the hemipelagic muds. 

The magnetostratigraphic record of core PS 1892-3 KAL 
is shown in Fig. 9( b). The uppermost 60-70 cm of this core 
was slightly disturbed by the coring process and a hiatus can 
be recognized from stable-isotope analysis in the time span 
between oxygen isotope stages 1 and 3 (Fig. 4). Nevertheless, 
the magnetostratigraphic results below c. 100 cm document 
one pronounced geomagnetic event and two isolated samples, 
each with reversed inclinations. The polarity event from 325 
to 300 cm exhibits directional variations similar to the 
Laschamp event, as recorded in cores PS 1878-3 KAL and 
PS 1707-2 KAL at roughly the same depth intervals. 
Correlation of this core with the other two cores from Vesteris 
Banken using high-resolution magnetic susceptibility (Fig. 3), 
stable-isotope data (Fig. 4) and biostratigraphic data (Fig. 5) 
assigns an early stage 6 age to this event, which can thus be 
identified as the Biwa I event (Kawai et al. 1972), also called 
the Jamaica event (Wollin et al. 1971). The single samples at 
137 cm (near stage boundary 4/5) and 230 cm (stage boundary 
5/6) exhibit demagnetization characteristics comparable with 
those of the samples displayed in Fig. 6 (a viscous normal 
overprint superimposed on a stable high-coercivity reversed 
ChRM direction). The 137 and 230 cm samples are related to 
the Norwegian-Greenland Sea event (Bleil & Gard 1989) 
and the Blake event (Smith & Foster 1969), respectively. 
Nevertheless, the data density here is again insufficient for a 
detailed analysis in terms of geomagnetic field variations. The 
ChRM inclination records of all three Vesteris Banken sedi- 
ment cores shown in Fig. 10, together with the ash-layer 
pattern, again supports the correlation scheme according to 
Figs 3-5. 
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Table 4. Updated list of referenced age ranges related to the Biwa I/Jamaica polarity event (see 
Nowaczyk et a/. 1994). 

# Age range Reference Location 

1 175-1 90 Wollin et a/. (1971) NW Pacific 
2 176186 Kawai et al. (1972) Lake Biwa, Japan 
3 200-2 15 Ryan [ 1972) Mediterranean Sea 
4 175-185 Bleil & Gard (1989) Norwegian-Greenland Sea 
5 160-1 80 Liddicoat (1990) California, USA 
6 171-181 Nowaczyk & Baumann (1992) Fram Strait 
7 180 < t < 218 Herrero-Bevera et a/. (1994) Oregon, USA 
8 18G190 Negrini et a/. (1994) Oregon, USA 
9 175-1 90 Weeks et al. (1995) North Atlantic 

10 156k26 Peate et a/. (1996) New Mexico, USA 
11 179-189 this study 

DISCUSSION OF THE PALAEOMAGNETIC 
RECORD OF THE LAST 2 0 0 K A  

The age models for the four cores discussed are displayed in 
Fig. 11. They were used to transform the magnetostratigraphic 
data into time-series, as displayed in Fig. 12. Ages between the 
data points given in Table 3 and Fig. 11 were interpolated 
linearly. Dating errors for AMSI4C ages are of the order of 
1 ka or less (Table 2). Errors in the assignment of oxygen 
isotope stage boundaries are of the order of 10 cm maximum, 
so that the total dating errors should be, depending on 
sedimentation rates, in the range 4 ka (2.5 cm ka-') to 2 .ka 
(5 cm ka-'). 

Palaeomagnetic data for core PS 1892-3 KAL younger than 
110 ka have been omitted because of the large directional 
scatter in its upper part. Additionally, due to different sedimen- 
tation rates at the four sites, the palaeomagnetic database is 
quite heterogeneous. The best data coverage is for the time 
interval back to about 60 ka (sites PS 1707, 1878 and 1882). 
Within this interval two geomagnetic events can be recognized: 
the Mono Lake excursion at 28-27 ka and the Laschamp 
event at 37-33 ka. The ages derived from the cores in this 
study are in good agreement with the age ranges for these 

120 140 160 

Greenland Sea 

events summarized in Lsvlie (1989) and Nowaczyk et al. 
(1994). Due to the variable positions of the real magnetic 
North pole and the high northern latitude of the core sites, 
the declinations show a large scatter. The Laschamp event 
exhibits a declination swing of about 180" only in core 
PS 1707-2 KAL, but because of the high latitude a field 
reversal can be recognized mainly from the inclination vari- 
ation. In contrast, the Mono Lake excursion is recorded by 
declination and inclination only in two cores (sites PS 1878 
and 1882). At site PS 1707 a declination swing of about 90" 
can be observed at the corresponding time interval without 
any anomaly in the inclination. The loss of the quite short 
Mono Lake excursion in this core might be explained by 
variable sedimentation rates, undetected short hiatuses and 
perhaps an insufficient sampling density. 

Although confined to a total of only two samples, the 
intermediate direction at 80 ka in core PS 1882-2 KAL might 
be related to the event originally detected by Bleil & Gard 
(1989) in the Norwegian-Greenland Sea and later confirmed 
in the Weddell Sea (Grunig1991), in the Fram Strait 
(Nowaczyk 1991; Nowaczyk & Baumann 1992), at the Yermak 
Plateau (Nowaczyk et al. 1994) and also in the loess/palaeosol 
sequence of China (Hongbo et al. 1995). A similar sparse result 

180 200 220 

120 140 160 180 200 220 

Age (ka) 
Figure 13. Age ranges published for the Biwa I/Jamaica polarity event according to references given in Table 4. The cross-hatched area was 
obtained by simply stacking the age ranges with a weighting of 1. The half-width thus results in an age range of 186-174 ka for this polarity event. 
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was obtained for the prominent Blake event (Smith & Foster 
1969). Only the single sample at 131 ka in core PS 1892-3 
KAL exhibits a reversed inclination that is close to the recently 
published age ranges of the Blake event of 128-118 ka (Yermak 
Plateau: Nowaczyk et al. 1994) and 130-110 ka (central China: 
Hongbo et al. 1995). 

Only core PS 1892-3 KAL extends back to c. 250 ka. A 
pronounced polarity event documented in inclination and 
declination is recorded at 189-179 ka, which is early oxygen 
isotope stage 6. This event, identified as the Biwa I or Jamaica 
event, has been recorded at several sites worldwide (Table 4). 
The respective ages are displayed in Fig. 13. Simply giving 
each age range a weight of 1 and then stacking the intervals 
yields the cross-hatched area in Fig. 13. Even when ignoring 
the long age range given by Peate et al. (1996) this method 
suggests an age range of 186-174 ka for the Biwa I/Jamaica 
event. 

CONCLUSIONS 

A high-resolution magnetostratigraphic investigation per- 
formed on four sediment cores from the Greenland Sea yielded 
quite heterogeneous results, largely as a result of different 
sedimentary environments and varying deposition rates. 
Nevertheless, the overall results provide further evidence for 
three pronounced geomagnetic events: Mono Lake (28-27 ka), 
Laschamp (37-33 ka) and Biwa I/Jamaica (189-179 ka). 
Detailed correlation and dating of the cores is based on 
continuous high-resolution logs of magnetic susceptibility, 
stable-isotope stratigraphy, biostratigraphy and AMSI4C data. 
The new results from 72.5"N and 73.5"N correspond to the 
geomagnetic event chronology spanning the latitude range 
from 69.5"N (Kolbeinsey Ridge: Bleil & Gard 1989), over 
79"N (Fram Strait: Nowaczyk 1991; Nowaczyk & Baumann 
1992) to 82"N (Yermak Plateau: Larvlie et al. 1986; Nowaczyk 
et al. 1994). From this study, together with studies from other 
regions, it is now obvious that the geomagnetic field did not 
continuously maintain a normal-polarity field configuration 
during the Brunhes Chron. Sediments from the Greenland Sea 
are mainly or even completely of lithogenic origin and are 
therefore characterized by high and stable NRM intensities. 
Bioturbation is very low or even absent. These properties 
might be one of the main reasons why these sediments are 
able to record high-frequency variations such as short polarity 
events that are not documented in many sediments from mid- 
to equatorial latitudes. Here, sediments often consist of a high 
percentage of biogenic material, bioturbation can be very 
intensive, and high contents of organic material might result 
in many (magnetically) destructive geochemical processes. 
Finally, only intense palaeo- and rock magnetic, as well as 
geochemical and sedimentological, studies all performed on 
numerous sediments from different sedimentary environments 
all over the globe will give the answer to the question why 
some types of sediments recorded geomagnetic polarity events 
in the Brunhes Chron and others did not. 
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