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Abstract
Microfabrics of sand and detrital carbonate layers were deduced
from a study on magnetic susceptibility anisotropy of drill core
sediments obtained from Site U1305 during Integrated Ocean
Drilling Program Expedition 303. The magnetic minerals that
contribute to the magnetic susceptibility and their anisotropy are
assumed to be ferrimagnetic minerals according to their magnetic
hysteresis analyses. Maximum magnetic susceptibility (Kmax) di-
rections of those layers are largely scattered, but Kmax resides in
the southeast margin of the diagram with 5°–10° inclination.
Kmin is mostly concentrated in a vertical direction with a 5°–10°
northwest plunge.

Introduction
Knowledge of deepwater ocean currents is crucial to determining
the transportation system of ocean floor sediments. Velocities of
present-day deepwater currents are generally high enough to
transport sediments (Stow and Holbrook, 1984), for instance, 20
cm/s in the Hatton-Rockall Basin north of Ireland, 30 cm/s in the
Greenland-Iceland-Faeroes Ridge section north of Scotland, and
5–20 cm/s on the continental slopes of North America.

Bottom current deposits as a drift in the North Atlantic lead to the
formation of sites with high sedimentation rates. The Eirik Drift,
located at the foot of the continental slope off the southern mar-
gin of Greenland (Chough and Hesse, 1984), is the largest of such
thick sediment accumulation sites (Stow and Holbrook, 1984).
This drift is an indicator of the North Atlantic paleocurrent sys-
tem, especially that of the Western Boundary Undercurrent
(WBU), at the millennium timescale.

The paleocurrent directions of ocean bottom sediments were ana-
lyzed using anisotropy of magnetic susceptibility (AMS) (e.g.,
Rees, 1965), both on the Norwegian Sea sediments (Kissel et al.,
1998) and on the Nova Scotia continental rise (Shor et al., 1984).
AMS can give us a paleocurrent history of sediments by preferred
orientation of magnetic minerals parallel (or perpendicular) to
the current direction (e.g., Rees, 1965), but those of the Eirik Drift
have not been examined yet.

In this paper, we report the AMS of siliciclastic sand and detrital
carbonate layers recovered in drill cores from Integrated Ocean
Drilling Program (IODP) Site U1305. Site U1305 is located at the
 doi:10.2204/iodp.proc.303306.215.2011
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south margin of the Eirik Drift (Fig. F1). Further-
more, we examined constituent magnetic minerals
contributing to AMS using rock magnetic methods.

Core description
The 313 m long core was obtained during IODP Ex-
pedition 303, on board the R/V JOIDES Resolution,
from a water depth of 3459 m and located at the
southernmost point of the Eirik Drift (Fig. F1).

The core is composed of mostly silty clay with silici-
clastic grains and siliceous biogenic tests (see the
“Site U1305” chapter [Expedition 303 Scientists,
2006b]). The silty clay is intercalated with siliciclastic
sand and detrital carbonate layers. Most of the sand
layers are relatively dark in color and have sharp
basal contacts, parallel laminae (with local cross-lam-
inae), and a fining-upward structure (Fig. F2A); these
features show the sediments are probably of turbidite
origin. The sand carries high magnetic susceptibility.
The detrital carbonate layers are characterized by the
intercalations of pale green bands with light gray de-
trital carbonate laminae (Fig. F2B). They have low
magnetic susceptibility.

Methods
Anisotropy of magnetic susceptibility 

and paleomagnetism
The AMS analysis was conducted using a Kappa-
bridge KLY 4 magnetic anisotropy susceptometer
(AGICO Co. Ltd., Czech Rep.) in sediments with in-
tercalated turbiditic sand and detrital carbonate layers.

AMS is demonstrated by the orientation of magnetic
particles (Tarling and Hrouda, 1993). It can be repre-
sented by an ellipsoid defined by three principal
axes: maximum (Kmax), intermediate (Kint), and
minimum (Kmin) susceptibility. Hereafter, the AMS
ellipsoid will be used throughout the paper. The AMS
parameters magnetic lineation (L), magnetic folia-
tion (F), anisotropy degree (P), corrected anisotropy
degree (P′), and shape parameters T and q calculated
from the three principal axes are reported (Tarling
and Hrouda, 1993).

We measured AMS and paleomagnetism using the
working and archive halves, respectively. A total of
68 samples from the siliciclastic sand layers and 12
from the detrital carbonate layers were selected for
AMS measurements. The northern magnetized direc-
tion in the samples, which deviated during core sam-
pling, was determined by paleomagnetic declina-
tions and was used to correct the AMS orientations.
To do this we used a 2G-Enterprise superconducting
magnetometer (2G-Enterprises, CA, USA) available
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on the JOIDES Resolution. Declination data were ob-
tained successively by applying 10 mT alternating-
field demagnetizations (see the “Expedition 303
summary” and “Expedition 306 summary” chap-
ters [Expedition 303 Scientists, 2006a; Expedition
306 Scientists, 2006]). Because the declination data
are rotated gradually downward because of a twist
during coring within one core, magnetic north was
calculated using the least-squares method (Fig. F3).
Magnetic north of the archive half cores was ad-
justed for working halves by adding 180°. A correc-
tion to magnetic north is applied by the following
equation:

Kmax declination (corrected) = 
Kmax declination – declination of paleomagnetism.

Magnetic hysteresis
Because all minerals in marine sediments contribute
to AMS to various degrees, it is important to define
the kind of mineral most responsible for the mea-
sured magnetic fabric. This is done by following a
magnetic hysteresis analysis using a MicroMag
AGM2900 Model (Princeton Co. Ltd., UK). The Mi-
croMag measures susceptibility in high magnetic
fields (Khf) of 500–900 G. Khf is generally a result of
mainly paramagnetic minerals rather than ferrimag-
netic minerals (Housen and Sato, 1995; Housen,
1997). Low-field susceptibility (Klf) in sediments
measured at 0.04 mT using the KLY 4 can be subdi-
vided into components that are contributed by both
ferrimagnetic and paramagnetic minerals (Housen
and Sato, 1995; Housen, 1997). The ratio of Khf/Klf is
inversely proportional to the relative contribution of
ferrimagnetic minerals to Klf (Housen and Sato, 1995;
Housen, 1997).

Results
Most magnetic susceptibilities of the sand layers are
~2.0 × 10–6 to 4.0 × 10–6 m3/kg, and those of detrital
carbonate layers are relatively low at 1.0 × 10–7 to 3.0
× 10–7 m3/kg (Table T1). This result corresponds to
the onboard measurement results as shown in the
“Site U1305” chapter (Expedition 303 Scientists,
2006b). AMS parameters (L, F, P, P′, T, and q) are
shown in Table T1.

The magnetic minerals that contribute to the mag-
netic susceptibility and their anisotropy are assumed
to be ferrimagnetic minerals according to their Khf/Klf

ratio. This reflects the contribution percentage of
paramagnetic minerals at low magnetic field, which
is <15% (Table T2), suggesting that the contribution
is >85% for ferrimagneric minerals. We note a signif-
2
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icant difference in Khf/Klf ratios between detrital car-
bonate and sand layers samples.

Three stereographic projections (Fig. F4) show the
orientations of Kmax, Kint, and Kmin, with rose dia-
grams of Kmax declination. Kmax directions are
largely scattered, but the majority of Kmax values in
sand layers resides in the northeast of the diagram
(with 5°–10° inclination) with subordinate south-
plunging ones. Kmin values are mostly concentrated
in a vertical direction with 5°–10° northwest plunge.
Kmax directions in the detrital carbonate layers
dominantly plunge to the south. On the basis of pre-
vious studies associated with paleocurrent analyses
using the AMS (e.g., Taira, 1989), Kmax direction in
this result may correspond to the paleocurrent direc-
tion, indicating that the directions in the sand layers
and detrital carbonate layers are from south to
north.
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Figure F1. Bathymetric map showing the location of Site U1305 and the nature of the present-day current
system in the Northwest Atlantic (see the “Site U1305” chapter [Expedition 303 Scientists, 2006b]; Hillaire-
Marcel and Bilodeau, 2000; Hillaire-Marcel et al., 1994); NAMOC = Northwest Atlantic Mid-Ocean Channel,
WBUC = Western Boundary Undercurrent. The bathymetric map was compiled from ETOPO2 data using GMT
ver. 3.0. Contours are 1000 m intervals. 
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Figure F2. Magnetic susceptibilities of (A) a siliciclastic sand layer recovered from Section 303-U1305A-24H-
5W at 251.30–252.80 meters composite depth (mcd) and (B) a detrital carbonate (DC) layer recovered from
Section 303-U1305A-25H-2W at 252.20–253.70 mcd. The siliciclastic sand layer is characterized by high mag-
netic susceptibility, relatively dark color, sharp basal contacts, and the development of laminae (A). Magnetic
susceptibility from 252.70 to 252.80 mcd in A was very low, with probably error values. The DC layer is char-
acterized by low magnetic susceptibility, relatively light color, and thin layers of DC grains (B). Photographs
were taken using the Section Half Imaging Logger on the JOIDES Resolution. Magnetic susceptibility was mea-
sured using the Whole-Round Multisensor Logger on the JOIDES Resolution (see the “Site U1305” chapter [Ex-
pedition 303 Scientists, 2006b]). 
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Figure F3. An example of reconstruction of paleomagnetic north in drilled cores. Open circles are declination
data of paleomagnetism in archive halves of Sections 303-U1305A-20H-1A through 20H-6A at 210.16–212.60
meters composite depth (mcd). A solid line shows a regression line of the declination calculated by the least-
squares method. Data are rotated gradually downward because of a twist during coring within one core. These
declinations of paleomagnetism were generated by subtracting 180° from the original declination of paleomag-
netism calculated by the least-squares method for the north correction. 
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Figure F4. Graphic representations of anisotropy of magnetic susceptibility data, Site U1305. The stratigraphic
column on the left shows the distributions of different lithological units. The three stereoplots (lower hemi-
sphere) to the right show the directions of the principal axes of magnetic ellipsoids (Kmax > Kint > Kmin) in
each layer. Rose diagrams in the centers of the stereoplots represent the orientations of Kmax in 10° each. mcd
= meters composite depth. 
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Table T1. Anisotropy of magnetic susceptibility data and approximate declination of paleomagnetism of sili-
ciclastic sand layers and detrital carbonate layers in Site U1305 cores. This table is available in an oversized
format.
Proc. IODP | Volume 303/306 9
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Table T2. Ratio of Khf and Klf, Site U1305. 

Khf = magnetic susceptibility under a high magnetic field of 600–900 G, Klf = initial magnetic susceptibility by KLY 4. DC = sample collected from
a detrital carbonate layer, Sa = sample collected from a siliciclastic sand layer.

 Hole, core, section,
interval (cm)

Depth
(mcd)

Klf
(m3/kg)

Khf
(m3/kg) Khf/Klf Remarks

303-
U1305A-20H-6W, 54–56 211.69 2.75E-07 5.28E-08 19.23 DC
U1305A-25H-6W, 87–89 263.45 2.34E-07 3.69E-08 15.76 DC
U1305A-22H-4W, 61–63 229.81 2.66E-06 8.68E-08 3.27 Sa
U1305B-26H-4W, 62–64 266.09 3.48E-06 1.34E-07 3.85 Sa
U1305B-28H-4W, 62–64 286.51 3.44E-06 6.55E-08 1.90 Sa
Proc. IODP | Volume 303/306 10
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