
Mix, A.C., Tiedemann, R., Blum, P., et al., 2003
Proceedings of the Ocean Drilling Program, Initial Reports Volume 202

APPENDIX: OBSERVATIONS ON THE EFFECT 
OF A NONMAGNETIC CORE BARREL

ON SHIPBOARD PALEOMAGNETIC DATA: 
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ABSTRACT

During Leg 202, we observed and tested the effects of drilling on the
magnetic remanence of sediments in a variety of lithologies. We found
substantial magnetic overprints superimposed on the sediment natural
remanent magnetization because of the use of steel core barrels and the
time the sediment spends within them. The use of the advanced piston
corer temperature (APCT) tool, which extends the duration of the cor-
ing process by 15 min for each core, induced a substantially larger over-
print as compared to cores not using this tool. Laboratory experiments
indicated that this large overprint is not APCT tool specific, but rather
due to the extra time the sediment rests in the core barrel. Alternating
use of a nonmagnetic core barrel on even-numbered cores (e.g., on
Cores 2H, 4H, 6H, etc.) with a normal magnetized (steel) core barrel on
odd-numbered cores (e.g., on Cores 1H, 3H, 5H, 7H, etc.) within a hole,
at three sites, demonstrated a reduced overprint with the nonmagnetic
core barrel. The improvement of the magnetic record due to the use of
the nonmagnetic core barrel was most dramatic in relatively coarse sili-
ciclastic sediments from the continental margin of Chile. The effect,
though less dramatic, was still noticeable in fine-grained, open-ocean
pelagic carbonate sediments. Based on these experiments and observa-
tions, we recommend that nonmagnetic core barrels, cutting shoes, and
associated coring equipment that is in close contact with the sediment

1Examples of how to reference the 
whole or part of this volume.
2Shipboard Scientific Party 
addresses.

Ms 202IR-114



S. LUND ET AL.
APPENDIX: NONMAGNETIC CORE BARREL EXPERIMENTS 2
be made available for full-time use in coring with the advanced piston
corer where a paleomagnetic record is of interest.

BACKGROUND

Drilling-induced magnetic overprints are ubiquitous in Ocean Drill-
ing Program (ODP) paleomagnetism and have been known to exist
since the program began. In some cases, these are easily dealt with. In
other cases, magnetic overprints may completely compromise the
paleomagnetic objectives of a leg (e.g., see Leg 154; Curry, Shackleton,
Richter, et al., 1995). How to deal with this problem has been a matter
of discussion within the JOIDES advisory structure for a decade or
more, and at various times recommendations have been made to ex-
plore the use of nonmagnetic drilling tools. Preliminary tests of the
benefits of using such expensive tools have been, until now, inconclu-
sive, and as a result the use of nonmagnetic core barrels is still not a
standard feature aboard the JOIDES Resolution. Here we discuss observa-
tions and experiments made during Leg 202 that shed new light on the
use of a nonmagnetic core barrel and other equipment (i.e., the ad-
vance piston corer temperature [APCT] tool) to reduce the effects of
drilling-induced magnetic overprints on paleomagnetic objectives.

OBSERVATIONS FROM THE CHILE BASIN
AND MARGIN SITES

Cores from Leg 202 sites off Chile (1232–1235) contain a drilling-
induced magnetic overprint on the sediment natural remanent magne-
tization (NRM) prior to demagnetization. This overprint is easily quan-
tified at all these sites because only sediments of Brunhes Chron age (0–
0.78 Ma) were recovered, and therefore, the majority of the NRM
should be restricted to normal polarity directions with negative inclina-
tion values near –55°. The overprint is generally along the positive z-
axis, therefore inducing a steep positive inclination in the NRM.

A primary concern is that overprints may be either incompletely re-
moved or, in some cases, not removed at all during routine shipboard
demagnetization. This is critical, as the higher the field required to re-
move the overprint, the substantially greater the chance that the origi-
nal NRM (the paleomagnetic component that we study) will be lost
during the process.

 Site 1235 was the shallowest site drilled on the Chile margin and
contained the highest silt content. It was at this site that we discovered
exceptionally strong overprints in cores taken when the APCT tool was
deployed (Fig. F1). The APCT tool is an electronic device encased in the
steel cutting shoe to measure in situ sediment temperatures. When a
core barrel is shot into the sediment to cut a core, an instantaneous
heat pulse is created that immediately starts to decay toward equilib-
rium with the surrounding sediments. The core barrel is left in place
while the APCT tool records the time-temperature series of this decay
for ~10 min. After the core is pulled from the bottom of the hole and
raised to the seafloor, the ascent is interrupted for another ~5 min dur-
ing which ocean-bottom temperature is measured. This procedure adds
~15 min to the time a core rests in the steel (magnetic) core barrel ac-
quiring a magnetic overprint. The magnetic effect of the APCT tool is
best illustrated in Hole 1235A by the presence of exceptionally high
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NRM (0 mT) intensities and positive inclinations even after 25-mT
alternating-field (AF) demagnetization (Fig. F1). The observation that
the inclinations are still positive after 25-mT AF demagnetization sug-
gests that this overprint may have permanently compromised the NRM
of these sediments.

Laboratory experiments were conducted on the APCT tool and its
cutting shoe housing by placing a demagnetized sediment core inside
the housing (with the electronics of the APCT tool active) and letting it
sit for 30 min. The sediment core NRM measured after this experiment
approached the intensities measured on regular cores (~0.5 A/m; Fig.
F1). A second experiment was made using a normal cutting shoe with-
out the APCT tool, and the same result was observed. For both cutting
shoe experiments, we also measured the magnetic field inside the steel
housing and found it to be 10–20 Gauss (1–2 mT) in both cases. This is
a magnetic field more than 10 times the general strength of the Earth’s
magnetic field. We interpret the NRM, which was acquired inside the
cutting shoe, to be a viscous remanent magnetization (VRM) related
not to the APCT tool itself but rather to the time (~30 min) that the
magnetic core barrel was in contact with the sediment.

It is well known that magnetic moments within any ferromagnetic
material will align with an ambient magnetic field at a rate linearly pro-
portional to log (time) (e.g., Collinson, 1983). This magnetization is
termed a VRM. The rate at which a VRM is acquired depends on mate-
rial properties, especially grain size. Coarse-grained titanomagnetites,
which are common in marine sediments, acquire VRM relatively
quickly, whereas fine-grained titanomagnetites may acquire VRM
slowly or not at all. Thus, we might expect significant changes in the
VRM acquired by relatively coarse grained sediments from the conti-
nental margin, even with relatively short changes in the time sediment
spends in contact any applied magnetic field such as with a magnetic
core barrel. This effect should be less pronounced in fine-grained
pelagic sediment far from the continental margin.

EXPERIMENTAL USE OF A
NONMAGNETIC CORE BARREL

In an experiment in Hole 1235C, we deployed a nonmagnetic core
barrel in place of one of the two standard steel core barrels. The non-
magnetic barrel was used every other core. The pattern of NRM (0 mT)
and inclination (25 mT) for the first six cores of Hole 1235C are shown
in Figure F2. Higher NRM (0 mT) intensities and more positive inclina-
tion (25 mT) values were obtained from the steel barrels in Cores 202-
1235C-2H, 4H, and 6H. The steel core barrel results are consistent with
results using steel core barrels without APCT tool deployment in Hole
1235A (Fig. F1). Significantly lower NRM (0 mT) intensities and more
negative inclination (25 mT) values were obtained when using the non-
magnetic core barrel in Cores 202-1235C-1H, 3H, and 5H. The inclina-
tions obtained with the nonmagnetic core barrel are much closer to the
expected Site 1235 average (axial dipole) inclination of –55.6°. The re-
duction in overprint associated with the nonmagnetic barrel is signifi-
cant in that it may mean the difference between a usable vs. an unus-
able paleomagnetic record. The nonmagnetic core barrel was alternated
with a steel (magnetic) core barrel at all remaining sites during Leg 202
to further assess its effect on a variety of sediment types.
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At Site 1237 on Nazca Ridge we cored open-ocean pelagic ooze. This
site is located significantly closer to the equator (expected inclinations
of about –30° during normal polarity). The sediments consist of a fine-
grained nannofossil ooze with significantly lower concentrations of
finer-grained siliciclastic components than the sediments on the Chile
margin. The effects of the nonmagnetic core barrel on the upper 14
cores from Hole 1237B are shown in Figure F3. Because this interval
represents approximately the last 6.5 m.y. of geomagnetic field behav-
ior with both normal and reversed polarities, we show the mean values
of only the negative inclination (normal polarity) intervals so that the
contrast between the drill string overprint and the NRM becomes ap-
parent. Even though the sediments at Site 1237 are significantly finer
grained than those from the Chile margin and less susceptible to VRM,
the reduced overprints associated with the nonmagnetic core barrel are
easily observed. The sediments cored with the nonmagnetic core barrel
have lower NRM (0 mT) intensities and more negative inclinations (af-
ter demagnetization at 25 mT) than those cored with the steel barrel.
Additionally, the APCT tool was used in conjunction with the nonmag-
netic core barrel on even-numbered Cores 202-1237B-4H through 14H
(Fig. F3). Therefore, any VRM effect caused by the extra time that the
core barrel sat on the ocean bottom (e.g., Fig. F1) was mitigated by the
nonmagnetic core barrel’s use.

EVIDENCE FROM OTHER SITES

After further evaluation, it was observed that all four Chile margin
sites contained a higher degree of overprinting with the use of the
APCT tool even after demagnetization at 25 mT (our self-imposed ship-
board demagnetization limit). This effect is noticeable in Figure F4, in
which the average initial NRM intensity (0 mT) and AF demagnetized
inclination (25 mT) per core from one hole at Sites 1232–1235 is plot-
ted. Initial inclinations at all four sites were near +80°, completely
masking the original NRM. For Sites 1232, 1234, and 1235, the demag-
netized inclinations (25 mT) still had values that were far from the ex-
pected direction of about –55°. For Site 1233, only a few cores were sig-
nificantly overprinted after demagnetization at 25 mT and, for these,
the overprint, though incompletely removed, appears to be minor and
should be able to be removed during shore-based research.

SUMMARY AND RECOMMENDATIONS

During Leg 202, we found that one significant source of magnetic
overprints in ODP cores involves the time a core spends in contact
(through the liner) with the steel (magnetic) core barrel. This is not the
only source of overprints, but it is one that can be mitigated. In a series
of experiments we have found that the use of a nonmagnetic core bar-
rel, cutting shoe, and flapper valve is helpful in reducing magnetic
overprints in marine sediments, especially in continental margin lithol-
ogies with a substantial silty siliciclastic component. Most importantly,
we found that VRM acquired from a steel core barrel may be difficult or
impossible to remove with stepwise AF demagnetization, whereas the
weaker VRM acquired when the nonmagnetic core barrel was used was
more easily removed at sea. Given the success of the experiments dur-
ing Leg 202, we recommend the use of nonmagnetic core barrels for all
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future ODP legs that include paleomagnetic objectives. The nonmag-
netic core barrel may reduce the magnetic overprints even at sites con-
taining pelagic carbonate-rich sediment and will enhance the prospects
of paleomagnetic success in many sediment types.

Although more expensive than steel core barrels, the use of nonmag-
netic core barrels will overall prove its worth in terms of better sampled
and better understood records of magnetic field variability. Considering
the cost of labor that over the years has gone into the often futile efforts
to remove magnetic overprints from ODP cores, and the even larger
cost of lost scientific opportunities caused by magnetic overprints, the
incremental cost of purchasing and maintaining nonmagnetic drilling
tools seems to us like money well spent.
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Figure F1. The effect of advanced piston corer temperature (APCT) tool usage on the sediment NRM of Hole
1235A. Unusually large magnetic overprints, observed in Cores 202-1235A-3H and 6H when the APCT tool
was used (shaded interval), are indicated by higher than normal initial NRM intensities and AF demagne-
tized inclinations (25 mT) that deviate significantly from the expected values at this site (–55°). Note the
steep positive inclination (0 mT) prior to demagnetization. The residual positive inclination (25 mT) doc-
uments that the overprint could not be effectively removed through limited AF demagnetization.
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Figure F2. The effect of a nonmagnetic core barrel on the sediment NRM of Hole 1235C. Sediments recov-
ered with a nonmagnetic core barrel (odd-numbered cores; shaded) had initial NRM intensities significant-
ly lower than sediments recovered with a normal steel (magnetic) core barrel (even-numbered cores). Both
the nonmagnetic and steel core barrels had steep positive inclinations prior to demagnetization. After AF
demagnetization, the inclinations of the nonmagnetic core barrels are close to the expected inclinations
due to the Earth’s magnetic field at this site. Even after AF demagnetization, the inclinations of the steel
core barrels deviate from the expected values.
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Figure F3. The effect of a nonmagnetic core barrel, indicated by dashed lines, on the mean initial NRM
intensities and mean AF demagnetized negative inclinations (25 mT) at Hole 1237B. Inclination means are
taken only from the negative inclination values (normal polarity) of the upper 14 cores representing
~6.5 m.y. of geomagnetic behavior. The mean inclination prior to demagnetization is ~70° due to a signif-
icant drilling overprint. The expected geomagnetic inclination for normal polarity at this site latitude is
–30° as indicated by the solid line. Shallower (less negative) inclinations during times of normal polarity
indicate a bias caused by the drilling overprint. Sediment at Site 1237 is a pelagic nannofossil ooze and
therefore represents a very different lithology than at the sites previously discussed. The weaker overprint
observed in the nonmagnetic barrel cored sediments at Site 1237, though small, indicates that the use of a
nonmagnetic core barrel will improve the probability of paleomagnetic success in a range of sediment types
and intensity ranges.

0.001

0.01

0.1

-40

-30

-20

-10

0

0 2H 4H 6H 8H 10H 12H 14H

In
te

ns
ity

 (
0 

m
T

) 
(A

/m
)

In
cl

in
at

io
n 

(2
5 

m
T

) 
(°

)
Core

Intensity (0 mT)

Inclination (25 mT)

Expected Hole 1237B
axial dipole inclination

Monel core
barrel used



S. LUND ET AL.
APPENDIX: NONMAGNETIC CORE BARREL EXPERIMENTS 10
Figure F4. Variations in mean paleomagnetic inclination (25 mT) and initial NRM intensity (0 mT) for Sec-
tion 2 of all cores from the uppermost 100 mcd at (A) Hole 1232A, (B) Hole 1233B, (C) Hole 1234A, and
(D) Hole 1235B. Vertical dashed lines indicate cores in which advanced piston corer temperature (APCT)
tool measurements were taken. In these experiments, the sediment sits below or at the seafloor in the steel
(magnetic) core barrel for an extra ~10 min prior to recovery. In almost all cases, the cores that were ob-
tained when the APCT tool was in use had a larger magnetic overprint, indicated by higher NRM intensities
and inclinations that are farther from expected values (horizontal lines) even after demagnetization.
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