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24. GEOMAGNETIC-FIELD VARIATIONS RECORDED WITHIN DRILL PIPE AT SITE 865:
IMPLICATIONS FOR PALEOMAGNETIC STUDIES1

Yoshifumi Nogi,2 John A. Tarduno,3 and William W. Sager4

ABSTRACT

In this study, we measured the magnetic field within the drill string with a wireline magnetometer log and estimated the effect
that this magnetic-field might have on paleomagnetic core samples. Sharp decreases in the vertical magnetic-field component and
sharp increases in the horizontal component were observed at approximately 10-m intervals, corresponding to the pipe joints.
Induced magnetization by the greater thicknesses of iron at these connection points apparently causes the magnetic-field variations.

The bottom-hole assembly of the drill string was dominated by induced magnetization and possibly was affected by permanent
magnetization. In general, the magnetic-field throughout most of the drill pipe and bottom-hole assembly is only two to five times
greater than the Earth's magnetic field at Site 865 and so is not likely to affect paleomagnetic samples. However, the magnetom-
eters vertical sensor became saturated in a downward direction between 344 and 356 m below the rig floor at Site 865, suggesting
negative inclination of a strong permanent magnetization of two pipes within this zone. Such a strong magnetic field is a likely
cause of remagnetization of core samples.

INTRODUCTION

Paleomagnetic studies have an important role in the scientific
goals of the Ocean Drilling Program. The fundamental data of such
studies are the inclination, declination, and intensity of the natural
remanent magnetizations (NRM) of cored sediments and rocks. Usu-
ally, the magnetization of geological significance is that acquired at
the time of rock or sediment formation, that is, the primary magneti-
zation, and part of the challenge of paleomagnetic studies is to remove
spurious magnetizations that mask the primary component.

Often paleomagnetists working on ODP core material have found
a significant secondary magnetization with a nearly vertical direction;
this has been attributed to large magnetic fields within the drill pipes
(e.g., Kikawa and Pariso, 1991), through which core samples must pass
on their way to the surface. Nevertheless, there has been no solid
evidence that the drill string is actually the culprit. During Leg 143,
magnetic logs were taken with the Japanese downhole three-compo-
nent magnetometer (JDTCM), and data were incidentally obtained
within the drill string. In this study, we describe the magnitude and
character of the magnetic field within the drill string and examine
its implications.

JAPANESE DOWNHOLE THREE-COMPONENT
MAGNETOMETER

The JDTCM is a self-contained three-component fluxgate magne-
tometer designed for downhole magnetic field measurement in ODP
holes. Magnetic-field data are recorded in an internal microprocessor
from the time the instrument is deployed; thus, measurements are
acquired from the rig floor to deployment depth. The resolution of the
magnetic field is changeable; settings are 1.02,1.36, and 2.03 nT. The
measurement range of the magnetic field of each axis of the magne-
tometer is ±65,519 nT for the lowest sensitivity. The sampling inter-
val is 3 s.
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Magnetic-field variations in the drill pipe at Site 865 were re-
corded at the lowest sensitivity with a logging speed between 1440
and 2000 m/hr, corresponding to a sampling interval between 1.2 and
1.8 m. Although magnetometer logs were also taken at Sites 866 and
869, those from Site 865 are best for showing the effect of the drill
string because of the lowest sensitivity scale and slow logging speed.

DATA AND DATA PROCESSING

The raw data of horizontal and vertical components of the mag-
netic field between 0 and 1850 meter below rig floor (mbrf) at Site
865 (18°26.410'N, 179°33.339'W) were used. Water depth of this site
is 1518.4 m. The section between about 0 and 1620 mbrf consists of
the dill pipes and bottom of this section, between 1440 and 1620 mbrf,
is the bottom-hole assembly (BHA). Below 1620 mbrf, the section
corresponds to limestone without the drill pipes.

The inclination results from a single, homogeneous, cylindrical
magnetized body, called the apparent inclination, are obtained from
the ratio between the spatial differential of the vertical to the horizon-
tal component of the magnetic field (Nogi et al., this volume). The
apparent inclination within the drill pipe between 100 and 1400 mbrf
and in the BHA between 1510 and 1620 mbrf was calculated, using
the spatial differentials of the horizontal and vertical magnetic field
(except for the data that are out of the measurement range). The ratio
between the spatial differential of the vertical to the horizontal com-
ponent of the magnetic field was determined by linear regression.

The quality of data of the horizontal magnetic field is apparently
degraded by the rapid tool rotation. Sharp, high-amplitude (-30,000
nT) decreases in the horizontal magnetic field were observed within
the weakly magnetized limestone and dolomite section at Site 865,
where the logging cable speed was faster than 2000 m/hr (Nogi et al.,
this volume). Similar decreases were not observed in the vertical
component. Although the origin of the sharp decreases have not been
identified, these variations seem to be caused by the abrupt change of
the tool orientation owing to fast logging cable speed and the unstable
hole conditions (Nogi et al., this volume). The logging cable speed
within drill pipes is faster (1440-2000 m/hr) than the usual logging
speed (<IOOO m/hr). Because the tool rotation is considered to be
derived from the wrench of the wireline cable, the tool rotation speed
depends upon the logging cable speed. Therefore, horizontal magnetic
field data are possibly affected by sharp decreases caused by the rapid
tool rotation.
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Figure 1. Horizontal and vertical components of magnetic-field variations in
drill pipe between 0 and 1850 mbrf. Dotted and dashed lines show the Earth's
field estimated at Site 865 and the measurement range of each component,
respectively.

RESULTS

Magnetic Field in Drill Pipe

Figure 1 shows horizontal and vertical components of the mag-
netic-field between 0 and 1850 mbrf. The present magnetic field used
here (dotted line in Fig. 1) is that estimated within limestone section
between 700 and 800 mbsf at Site 865 by the JDTCM (Nogi et al., this
volume). Magnetic-field variations above about 20 mbrf seem to be
affected by ship's magnetization. Magnetic-field variations caused by
the drill pipe are observed between about 100 and 1620 mbrf, but the
character between about 1440 and 1620 mbrf is different from that
above because of the BHA. Sharp decreases only in the horizontal
component, probably caused by tool rotation, are observed within the
limestone section, below 1620 mbsf. In contrast, the vertical magnetic
field below 1620 mbsf is smooth and nearly coincides with the pres-
ent magnetic field estimated by the JDTCM.

Sharp spikes are observed in the record, particularly in the vertical
component (Fig. 1). A closer look shows that most of the spikes are
decreases in the field (Fig. 2). The interval between spikes is almost
10 m, which is the same as the length of one joint of pipe (average
9.65 m). Horizontal component spikes were observed, but their am-
plitudes seem to be smaller than those of the vertical component. The
level of the horizontal magnetic field component within the drill pipe
is significantly lower than that of the ambient magnetic field. The
shape of the spikes, a sharp decrease in the vertical component and an
increase in the horizontal component, indicate that the drill pipe
exhibits normal polarity magnetization.

. ' " I 1 " ! " ! ! "

Drill Pipe

Figure 2. Horizontal and vertical components of magnetic-field variations in
drill pipe between 500 and 800 mbrf, together with a schematic drawing of the
drill pipe. Dotted and dashed lines are the same as those in Figure 1.

A more detailed view of magnetic-field variations between 500 and
800 mbrf is shown in Figure 2. One can see more clearly the regularity
and spacing of spikes that suggest they result from pipe-joint connec-
tions. The locations of the pipe-joint connections were based on the
drill-pipe connection record at Site 865. Pipe joints are thicker than the
rest of the drill string; therefore, the greater thicknesses of metal may
cause the observed spikes owing to their greater magnetic field. Al-
though some spikes are out of the magnetometer's sensitivity range,
the amplitudes of most spikes are less than 80,000 nT (i.e., two times
the ambient Earth's field). If the saturated peaks are linearly extrapo-
lated, their amplitude peaks are less than 120,000 nT, about three times
greater than Earth's magnetic field. Sharp increases in the horizontal
component of the magnetic field also coincide with the connections
between drill-pipe joints, but their amplitudes seem to be smaller than
those of the vertical component spikes. Horizontal component data are
probably adversely affected by the tool rotation. This is probably the
reason that the horizontal spikes do not have as regular a spacing and
signature as those of the vertical component. The maximum horizontal
component spike is about 80,000 nT.

Between 344 and 356 mbrf, the vertical component is unusually
strong and out of the measurement range (Fig. 3). There is no signifi-
cant change in the horizontal component of the magnetic field within
this zone. This behavior is not observed in the magnetic-field vari-
ation at other places in the drill pipe. Two drill pipes and joints are
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Figure 3. Horizontal and vertical components of magnetic-field variations in
drill pipe between 300 and 400 mbrf. Dotted and dashed lines are the same as
those in Figure 1. Arrows indicate the zone where the variation of the vertical
component is completely saturated downward.

contained within this zone, suggesting that these drill pipes, between
344 and 356 mbrf, have higher magnetizations than the others.

The magnetic variations between 1440 and 1625 mbrf have a
different character owing to the BHA (Fig. 4). Almost all the peaks in
the magnetic-field variation of the vertical component are out of the
measurement range. At about 1500 mbsf, a significant saturated posi-
tive vertical component of the magnetic-field variation is observed.
The amplitude of this variation is estimated at almost 220,000 nT, using
linear extrapolation, which is about five times larger than that of the
present-day magnetic field. Amplitudes of sharp increases in the mag-
netic-field variations of the horizontal component are also larger than
those of the drill pipe, at about 80,000 nT. A few peaks in the horizontal
component also seem to be out of the measurement range.

A sharp decrease in the vertical component and a sharp increase in
the horizontal component mark the boundaries of segments of the
BHA. This indicates that each segment produces magnetic-field vari-
ations in spite of having the same inner and outer diameter. Moreover,
four sharp decreases in the magnetic-field vertical component were
observed between about 1440 and 1490 mbrf, implying variations
within one long segment of the BHA (Fig. 4). These four decreases
imply the presence of two magnetic boundaries inside the one long
part of the BHA. These variations can be explained by assuming that
each part of the BHA has a different intensity and/or polarity of
magnetization, implying that heterogeneous magnetization within the
BHA may cause those variations.

The apparent inclination within the drill pipe between 100 and
1400 mbrf, and in the BHA between 1510 and 1620 mbrf, was
obtained by linear regression (Fig. 5). For 100 to 1400 mbsf, the
correlation between the spatial differential of the horizontal and ver-
tical components of the magnetic field is not good, but the calculated
apparent inclination from that gradient is 19.5°. On the other hand,
the correlation between horizontal and vertical component differen-
tials from the BHA is better. The apparent inclination given by the
BHA is 22.2°. The negative gradient reflects a normal magnetization
acquired in the Northern Hemisphere, because vertical and horizontal
magnetic fields in the hole caused by a Northern Hemisphere normal
magnetization vary in the opposite sense, assuming a homogeneous,
cylindrical magnetized body (Nogi et al., this volume). The apparent
inclination given by the BHA is slightly shallower than the ambient
field inclination of 30° at Site 865.

Model Calculation

Horizontal and vertical components of the drill-pipe magnetic
field were simulated by a stack of cylindrical magnetized bodies
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Figure 4. Horizontal and vertical components of magnetic-field variations in
drill pipe between 1400 and 1700 mbrf, together with a schematic drawing of
drill pipe. Dotted and dashed lines are the same as those in Figure 1. Dash-
dotted lines show the segment boundaries of the BHA.

(Hamano and Kinoshita, 1990). The configuration of the model was
based on the geometry of the drill pipe and its component joints as
given in Table 1. The apparent inclination of the pipe was used as
inclination of the magnetization, and the intensity of magnetization
was assumed to be homogeneous, assuming an induced magnetiza-
tion under the geomagnetic field. We used an intensity of 1 A/m for
convenience, because the amplitudes of magnetic variations are pro-
portional to the intensity of the magnetization. The "zero level" of the
magnetic field in the model calculation corresponds to the level of the
ambient magnetic field at the site.

Magnetic-field data were calculated every 1 m, similar to the
observation interval for the drill pipe. If the calculated data interval is
taken less than 1 m, the horizontal and vertical component magnetic
field variations become more symmetric and peaks of each compo-
nent have the same amplitudes. Asymmetric features in the horizontal
and vertical component variations and alternating amplitudes of the
peaks in the model result from the calculated data interval.

Modeled magnetic variations are similar to those obtained from
the logs (Fig. 6). The amplitude of negative peaks in the vertical
component is about 700 nT relative to the intensity of 20 A/m. There-
fore, the intensity of the drill pipe magnetization is estimated at about
2200 A/m from the observed amplitudes, although this estimate de-
pends on the inclination of the magnetization. Assuming an inclina-
tion of 90°, for example, the peak amplitudes are large, about 2000
nT, relative to the intensity of 20 A/m. This implies a possible factor
of three error in the magnetization estimate.

The level of the observed horizontal component relative to the
ambient magnetic field, appeared to be slightly lower than that repro-
duced by the model calculation. Sharp increases in the magnetic-field
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Table 1. Parameters for the model.

Inner
diameter

(m)

Outer
diameter

(m)
Length

(m)
Interval

(m)

Drill pipe:
Joint:

0.1
0.12

0.12
0.18

2000
0.45 9.2

variations in the horizontal component show an amplitude of about
1000 nT, somewhat larger than that of the observed sharp peaks of the
vertical component. However, if a steeper inclination is employed for
the model to reduce the amplitude of the horizontal magnetic field vari-
ation, the horizontal magnetic field varies around zero and the lower
level of the horizontal component of the magnetic field with respect to
the zero cannot be produced. This also suggests that the horizontal
magnetic field variations are affected by the rapid tool rotation.

Model calculations for the BHA were not made, as magnetic-field
variations in the BHA cannot be calculated from the simple model
because of their complicated features. Their magnetic-field variations
possibly are caused by heterogeneous magnetization of the compo-
nent parts of the BHA, not by a change of thickness or diameter.

DISCUSSION

Induced magnetizations appear to be the main source of magnetic-
field variations within the drill pipe at Site 865. Magnetic-field vari-
ations from a model calculated with induced magnetization agree well
with those observed in the drill pipe. The model calculation suggests
further that the joints, where there is thicker drill pipes, cause most of
the magnetic variations observed. Moreover, magnetic-field variations
and apparent inclination suggest that magnetizations of most of the
drill pipes originated in the Northern Hemisphere during a normal
chron. It is difficult to accept that all drill pipe would have almost the
same permanent magnetization that originated in the Northern Hemi-
sphere during a normal chron, because more complicated magnetic-
field variations would be expected if a permanent magnetization of the
pipe were significant.

The drill pipe is made of iron, and its surface is oxidized. Magne-
tite, which is one of the major iron oxides, has a susceptibility value
of about 3 S1 units (Dunlop, 1986). This suggests that the magnetiza-
tion induced by magnetite has a potential for producing a magnetic
field that is three times larger than the Earth's magnetic field. The
direction of induced magnetization is parallel to the present geomag-
netic field, assuming an isotopic susceptibility, and the ratio of the
amplitudes of the vertical component to the horizontal component
produced by induced magnetization should be about 1.2 at Site 865.
Horizontal magnetic fields are possibly affected by the tool rotation.
This implies that the amplitudes of the sharp increases in the horizon-
tal component are almost the same as the amplitudes of the sharp
increase in the vertical component.

In contrast to the ordinary drill pipe, the magnetization of the BHA
may be affected by a permanent magnetization. Apparent inclination
within the BHA is 22.2°, which is somewhat shallower than that of
the present magnetic field at Site 865. This shows that the main source
of the magnetization is possibly an induced magnetization. However,
magnetization of each part of the BHA produces magnetic-field vari-
ations in spite of the same inner and outer diameter of each part of the
BHA; thus, heterogeneous magnetization of the component parts is
suggested. A completely saturated magnetic-field variation of the
vertical component in a downward direction was recorded at about
1500 mbrf within the BHA; corresponding magnetic-field variations
in the horizontal component were not observed. This suggests a
negative inclination for part of the BHA that cannot be explained by
an induced magnetization. These observations imply a contribution
of permanent magnetization within the BHA.
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Figure 5. Correlation between the horizontal and vertical component spatial
differentials between 100 and 1400 mbrf in the drill pipe, and between 1510
and 1620 mbrf in the BHA. Regression line, equation, and apparent inclination
value are also shown.

The strong permanent magnetization of the drill pipe between 344
and 356 mbrf should be considered. The completely saturated vari-
ation of the vertical component in a downward direction was ob-
served within two pipes between 344 and 356 mbsf, but there was no
significant change in the horizontal component of the magnetic field.
This variation suggests a steep negative inclination in magnetization
of the drill pipes, implying a significant contribution of a permanent
magnetization. Amplitudes of these magnetic variations cannot be
estimated because of the broad width of the saturated zone. However,
considerable high amplitudes of the vertical magnetic field in a down-
ward direction are expected.

The magnetization of most the drill pipe does not seem adequate
to cause secondary magnetizations in core samples. In general, am-
plitudes of magnetic-field variations in almost all the drill pipe are
only two or three times larger than those of the Earth's magnetic field,
and those in the BHAs are about five times larger. Such amplitudes
are probably too small to affect the magnetizations of most core
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samples. Permanent magnetization of some pipes, however, as ob-
served between 344 and 346 mbrf and some segments of BHA,
possibly, has the potential for contributing secondary magnetization
to core samples.

The ship's magnetization and the well head are considered to be
the other possible sources for contributing secondary magnetization
to core samples. Although the ship's magnetization appears to be
high, as observed above 20 mbrf, the nature of its magnetization is
unclear. If the most of the drill pipe is not the cause for the secondary
magnetizations seen in core samples, and only some drill pipes and
part of the BHA are the cause, then it should be possible to detect them
and prohibit their use.

CONCLUSIONS

Sharp negative peaks in the vertical magnetic field and sharp
positive spikes in the horizontal component were observed with a
regular 10-m spacing within the drill string at Site 865. This interval
nearly coincides with the length of one joint of drill pipe (9.65 m).
Induced magnetizations appear to be the source. Magnetic-field vari-
ations from a model calculation using a simple configuration of drill
pipe are in good agreement with those observed. Induced magnetiza-
tion by the thick parts (at either end) of a joint of drill pipe causes
magnetic-field variations. Induced magnetization also appears pre-
dominant in the BHA, but it is also affected somewhat by a permanent
magnetization. The maximum amplitude of magnetic-field variations
in almost all of the drill pipe is two or three times larger than that of
the Earth's magnetic field, and that in the BHA is about five times
larger. Such amplitudes seem unlikely to cause secondary magnetiza-
tions of paleomagnetic core samples. However, stronger permanent
magnetizations of the pipe between 344 and 356 mbrf and some
segments of the BHA are suggested. This strong permanent compo-
nent of magnetization is a likely cause of secondary magnetization,
suggesting that previously reported overprints in paleomagnetic stud-
ies have very local sources.
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Figure 6. Magnetic-field variations of the horizontal and vertical components
from a simple model of the drill string using cylindrical, homogeneous mag-
netized bodies. Configuration of the model is based on drill pipe and its com-
ponent joints. Magnetization is assumed to have normal magnetization in the
Northern Hemisphere, with an intensity of 20 A/m and an inclination of 19.5°.
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