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ABSTRACT

We present paleomagnetic and mineral magnetic results from ocean
sediments from the southern Okinawa Trough (west Pacific). We ob-
tained samples from two holes from Ocean Drilling Program Site 1202
and determined the natural remanent magnetization, magnetic suscep-
tibility, anhysteretic remanent magnetization (ARM), hysteresis proper-
ties, and thermomagnetic behavior. Hole 1202A was studied between
100 and 120 meters below seafloor (mbsf) and Hole 1202B between 0
and 140 mbsf, both at 1-cm resolution. Hysteresis properties and ther-
momagnetic behavior were measured on selected samples. The mea-
surements show a stable magnetization carried by pseudo-single-
domain-sized low-titanium magnetite. Magnetic inclinations are pre-
dominantly positive and record the Brunhes (C1n) normal polarity
chron. Susceptibility and ARM, as well as the environmentally signifi-
cant rock magnetic ratios (ARM/k and ARM30 mT/ARM0 mT), reflect
changes in sediment input from Taiwan and the East China Sea conti-
nental shelf changes in the path of the Kuroshio Current and changes
in climatic conditions.

INTRODUCTION

The Kuroshio Current is the largest western boundary current in the
North Pacific Ocean, and because of its high velocity and thermal ca-
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pacity, the current strongly influences east Asian climate, upper-ocean
thermal structure, and the distribution of marine sediment in this re-
gion (Jian et al., 2000). Presently, after flowing along the eastern side of
the island of Taiwan, the current is deflected northeastward into the
Okinawa Trough, located between Japan and Taiwan (Fig. F1). This
flow, coupled with the enormous input of terrigenous material from the
East China shelf and from the island of Taiwan, results in extremely
high rates of sedimentation in the southern Okinawa Trough.

However, the path and strength of the Kuroshio Current have
changed several times during the late Quaternary, influencing the cli-
mate in the northwestern Pacific (Ujiié and Ujiié, 1999). For example,
according to Ujiié et al. (1991), during the last glacial maximum (LGM),
the current was not present at all in the Okinawa Trough area but was
shifted southward at the southern end of the Ryukyu arc, causing cool-
ing in the waters in the trough. Other authors have reached different
conclusions about the path of the Kuroshio Current (Sawada and
Handa, 1998; Ujiié and Ujiié, 1999; Jian et al., 2000), and its history and
evolution are still controversial.

In this report, we present paleomagnetic data from an investigation
of sediment cores recovered from Ocean Drilling Program (ODP) Site
1202 in the southern Okinawa Trough. We also present environmental
magnetic data of variations in the composition, concentration, and
grain-size distribution of the magnetic material in the cores.

GEOLOGICAL SETTING AND 
LITHOSTRATIGRAPHY

Site 1202 (24°48.2′N, 122°30.00′E) is located in 1274 m deep water
on the southern slope of the southwestern part of the Okinawa Trough,
which extends from Kyushu, Japan, to the northeast side of the island
of Taiwan (Fig. F1). The Okinawa Trough is an active intracontinental
backarc basin bordered to the south by the Ryukyu arc-trench system
(Sibuet et al., 1998; Wang et al., 1999). Sedimentation rates are high be-
cause of terrigenous input from Taiwan and the East China Sea shelf
(Boggs et al., 1979; Lin and Chen, 1983). The East China Sea continen-
tal shelf was above sea level during the LGM, and only the Okinawa
Trough was submerged. Unlike most parts of the Pacific, the seafloor in
the Okinawa Trough lies well above the carbonate compensation depth,
so calcareous microfossils can be preserved. This makes Site 1202 an
ideal site for obtaining a high-resolution record of the Quaternary his-
tory of the Kuroshio Current.

A 20-m-thick sequence from Hole 1202A (100–120 meters below sea
floor [mbsf]) that contained a suspected magnetic excursion (Mono
Lake; 105–108 mbsf) (Shipboard Scientific Party, 2002) and the entire
sequence from Hole 1202B are the subject of this report. Both holes
were cored at the end of Leg 195 with the advanced piston corer (APC).
Hole 1202B was cored with the APC to refusal at a depth of 111.6 mbsf
and was deepened with the extended core barrel (XCB) to 140.5 mbsf.
The sedimentary succession consists of one lithostratigraphic unit char-
acterized by homogeneous, slightly calcareous, bioturbated clayey silt
with isolated sandy intervals and fine sand laminae. Thin sandy layers
have been interpreted to be mostly detrital carbonate, indicating epi-
sodes of turbidity current activity (Shipboard Scientific Party, 2002).
There are no visible ash layers, but one sample with volcanic glass

F1. Location of Site 1202, p. 8.
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particles was identified by smear slide analysis conducted on the Hole
1202D sequence (Shipboard Scientific Party, 2002).

Biostratigraphic analysis (Shipboard Scientific Party, 2002) of core
catcher samples, especially the absence of pink Globigerinoides ruber, in-
dicates that the sequence is younger than 127 ka, suggesting that the
average sedimentation rate is at least 320 cm/k.y. Previous work (Jian et
al., 2000) on Holocene sediments from southern Okinawa Trough
showed an average sedimentation rate of ~20 cm/k.y. with exception-
ally abrupt changes in the sedimentation rates, probably caused by sud-
den changes in the input of terrigenous material.

SAMPLING AND METHODS

The working halves of cores from Holes 1202A and 1202B were sam-
pled using U-channels at the ODP Gulf Coast Repository in College Sta-
tion, Texas. The U-channels were then shipped to the Paleomagnetism
Laboratory at the University of California, Davis, where the measure-
ments were made.

Natural remanent magnetization (NRM) and anhysteretic remanent
magnetization (ARM) were measured at 1-cm intervals using an auto-
mated 2G Enterprises model 755R cryogenic magnetometer (Weeks et
al., 1993; Verosub, 1998). Initially the samples were stepwise demagne-
tized in peak alternating fields (AFs) of 0, 20, 30, 40, 50, and 60 mT, and
the NRM was measured after each step. An ARM was then imparted us-
ing a peak AF of 100 mT and a direct bias field of 0.05 mT. The samples
were then stepwise demagnetized with peak AFs of 0, 10, 20, 30, 40, 50,
and 60 mT.

Low-field magnetic susceptibility (MS) was measured every centime-
ter using a Bartington susceptibility meter and a field surface probe.
This process required the U-channels to be opened in order to place the
surface probe directly onto the sediment.

The temperature variation of MS (up to a maximum temperature of
700ºC) was measured on 13 bulk samples evenly spaced along Hole
1202B using a furnace-equipped Kappabridge KLY-3 at the Istituto Nazi-
onale di Geofisica e Vulcanologia in Rome, following procedures de-
scribed by Hrouda (1994). Hysteresis parameters were measured at
University of California, Davis, using a Princeton Measurements Corpo-
ration alternating gradient magnetometer.

REVISED DEPTH MODEL

Core expansion in recovered deep-sea sediment cores occurs because
of pressure release, degassing, and elastic rebound (Moran, 1997). This
can lead to core sections overlapping at core breaks and can cause ap-
parently duplicate measurements when using the original mbsf depth
scale. We constructed a revised mbsf (rmbsf) scale for Hole 1202B to
avoid overlapping measurements by adding a constant offset to each
core (Table T1). Conversion between the two depth scales is straightfor-
ward and requires addition of the offset constant to the mbsf scale or
subtraction from the rmbsf scale.

T1. Revised depth model accounts, 
p. 14.
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PALEOMAGNETIC RESULTS

Hole 1202A

The U-channels were easily demagnetized by AF techniques and ex-
hibited very satisfactory demagnetization behavior. Most of the NRM
intensity is removed by peak fields of 50–60 mT, as shown by the inten-
sity decay curves (Fig. F2A). Orthogonal vector component diagrams
and stereographic projections reveal only one single component of
magnetization. The demagnetization behavior and other magnetic
properties (see below) are consistent with magnetite as the primary
magnetic carrier. Magnetic parameters including magnetic inclinations
and intensity from Hole 1202A are shown in Figure F3. The NRM incli-
nations are mostly positive and reach their highest values in the inter-
vals between 108 and 112 mbsf and between 117.6 and 118.5 mbsf. The
suspected geomagnetic excursion (Shipboard Scientific Party, 2002)
could not be confirmed.

Hole 1202B

In the upper part of the sequence (0–69.4 rmbsf), orthogonal vector
component diagrams of the NRM again exhibit very satisfactory demag-
netization behavior (Fig. F2B). A secondary NRM component, im-
printed by the coring or sampling process, is removed after the 20-mT
demagnetization step, and the characteristic remanent magnetization
(ChRM) can be readily determined. In the interval from 69.4 to 86.5
rmbsf, the NRM has a relatively low intensity (Fig. F4) that is unstable
during demagnetization. Both broad directional variations and remag-
netizations at higher demagnetization steps have been observed in this
interval (Fig. F2C). In the remainder of the section, the NRM usually de-
magnetizes well up to peak fields of 50 or 60 mT, but some remagnetiza-
tion occurs in higher fields (Fig. F2D). Similar behavior has been
observed at other locations (e.g., Shipboard Scientific Party, 2001) and
may provide evidence for the presence of iron sulfides, which can ac-
quire a gyromagnetic remanence during the AF demagnetization
(Snowball, 1997; Sagnotti and Winkler, 1999). We cannot exclude the
possibility that the remagnetization is caused by a spurious component
during the demagnetization process.

The magnetic parameters from Hole 1202B are shown in Figure F4.
The NRM inclinations are mostly positive, but shallow and negative
values occur in intervals 50–62, 73–81, and 103–110 rmbsf. The NRM
inclinations are distinctly noisier below 114 rmbsf, which is the depth
at which the coring system was changed from APC to XCB.

The geomagnetic field at the latitude of Site 1202 (24.8°N) has an in-
clination of 42.7°, assuming a geocentric axial dipole model that is suf-
ficiently steep to determine magnetic polarity in the APC and XCB
cores, which lack azimuthal orientation.

Positive magnetic inclinations indicate that only the Brunhes (C1n)
normal polarity chron (Berggren et al., 1995) is recorded in these sedi-
ments. Whether the Brunhes Chron is complete cannot be determined
from the magnetostratigraphy.

F2. AF demagnetization behavior, 
p. 9.
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ROCK MAGNETIC RESULTS

Hole 1202A

The MS is generally ~20 × 10–5 SI in the upper 11.5 m and lowermost
1.5 m of the sequence (Fig. F3). In the interval between 111.5 and 118
mbsf, the values are slightly lower, in the range of 15 × 10–5 SI.

The NRM intensity is <1 × 10–2 A/m except for two spikes at 100.9
and 102.3 mbsf. At the same depths, high values of MS and ARM inten-
sity are observed (Fig. F3). The features of the NRM intensity are mir-
rored in the ARM intensity and ARM/k ratio, with higher values in the
upper 3 m of the core and in the shorter interval at 108–109.5 mbsf.
The magnetic hardness (ARM30 MT/ARM0 MT) is relatively constant from
the bottom of the cored section up to 103 mbsf, at which point it in-
creases slightly, similar to the other parameters. The Day plot (Day et
al., 1977) (Fig. F5) shows that the grain size of the magnetic carriers is
variable, but falls within the pseudo-single-domain field for magnetite.

Hole 1202B

The NRM intensity is 7.4 × 10–3 A/m on average, with highest values
in the intervals between 0 and 40 and between 84 and 110 rmbsf (Fig.
F4). The uppermost interval is characterized by a distinct intensity peak
with values as high as 0.024 A/m.

The typical MS value is ~20 × 10–5 SI, but many >200 × 10–5 SI are
present, especially in the depth intervals between 80 and 94 and be-
tween 101 and 110 rmbsf. In these intervals, the spikes in MS often cor-
respond to spikes in the NRM and ARM intensity. Although the MS
signal is rather noisy, a trend is clearly discernable. After a slight down-
core decrease at the uppermost part in the most recent sediment, the
MS shows a trend characterized by two peaks at ~30 and 68 rmbsf. A
correspondence exists between the MS and NRM intensity in those in-
tervals in which the latter is high, but the MS in the rest of the core is
characterized by significant variability. The ARM intensity is similar to
the NRM intensity except in the interval between 69.4 and 86.5 rmbsf,
where the ARM intensity tends to increase.

The parameters ARM/k and magnetic hardness (ARM30 mT/ARM0 mT)
are commonly used in environmental magnetism. They are sensitive to
the magnetic grain size and coercive force. In this case, they mirror the
ARM intensity, with the highest values in the intervals at 0–40 and
69.4–110 rmbsf. As in Hole 1202A, the hysteresis parameters suggest
that the magnetic carriers fall within the range of pseudo-single-
domain magnetite grains (Fig. F5).

The thermoremanence investigations indicate that the dependence
of the MS with temperature is similar throughout the sequence (Fig.
F6). The heating curves show a strong increase in MS after 280º–300ºC
because of chemical alterations during heating. A prominent peak ap-
pears at ~490ºC and is followed by a sharp drop in the MS, indicating a
Curie temperature (Tc) of ~540ºC. This is 40ºC lower than the Curie
temperature of pure magnetite and is indicative of a low-titanium mag-
netite generated during the heating process.

F5. Hysteresis parameters, p. 12.
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Figure F1. Location of Site 1202 in the Southern Okinawa Trough and path of the Kuroshio Current.
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Figure F2. Vector component diagrams with normalized intensity decay plots and stereographic projec-
tions of alternating-field (AF) demagnetization behavior for four representative samples from Holes 1202A
and 1202B. Open (closed) symbols represent projections on the vertical (horizontal) plane. A. Section 195-
1202A-11H-6. B. Section 195-1202B-2H-1. C. Section 195-1202B-9H-5 D. Section 195-1202B-13H-1.
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Figure F5. Hysteresis parameters displayed in a Day plot (Day, 1977) from Hole 1202A (diagram on left)
and Hole 1202B (diagram on right). SD = single domain, PSD = pseudo-single domain, MD = multiple do-
main.
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Figure F6. Thermomagnetic behavior of two samples from Hole 1202B (heating curves only) display a
strong increase in susceptibility between 300° and 500°C and a Curie temperature of 540°C.
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Table T1. The revised depth model accounts for
core expansion.

Note: A constant offset is added to each core to avoid overlapping
measurements. Conversion between the two depth scales
requires addition (subtraction) of the offset constant to (from)
the mbsf (rmbsf) scale.

Core Offset (m)

Top of Core

Depth
(mbsf)

Depth
(rmbsf)

195-1202B–
1H 0 0 0
2H 0 2.9 2.9
3H 0.207 12.4 12.607
4H 0.225 21.9 22.125
5H 0.541 31.4 31.941
6H 0.837 40.9 41.737
7H 1.605 50.4 52.005
8H 1.931 59.9 61.831
9H 2.145 69.4 71.545
10H 2.461 78.9 81.361
11H 2.461 88.4 90.861
12H 2.578 97.9 100.478
13H 2.578 104.2 106.778
14X 2.578 111.6 114.178
15X 2.578 121.2 123.778
16X 2.578 130.9 133.478
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