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ABSTRACT

Two records of the Brunhes–Matuyama (B–M) transition and one record of the upper Jaramillo transition were obtained
from sediments of Ocean Drilling Program (ODP) Leg 167 along the California margin. The geomagnetic transitions were sam-
pled with u-channels and closely spaced discrete samples. The discrete samples and u-channels from opposite halves of the
core give similar virtual geomagnetic pole (VGP) paths for the upper Jaramillo reversal at Site 1020 (Gorda Ridge). For the
B–M transition at Site 1020, the discrete samples and u-channels show different VGP paths. At every site, and especially for
the B–M transition at Site 1014 (Tanner Basin), the VGP paths do not reach the geographic South and North Poles. The charac-
teristic remanent magnetization is contaminated with a coring-induced overprint that has coercivities that overlap with the coer-
civities of the primary magnetization. The presence of a drilling remanence leads to shallow reverse and steep normal
inclinations. Model calculations simulate the effects of small overprints along the axis of the sediment core or perpendicular to
it. The calculations show that significant changes can occur in the transitional VGP positions because of drilling overprints. The
coring-induced overprint often cannot be completely removed by alternating-field demagnetization and may give rise to false
transitional directions. Other ODP reversal records should be checked for the presence of coring-induced overprints.
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INTRODUCTION

Geomagnetic reversals are an intriguing phenomenon of the
Earth’s magnetic field. Records of geomagnetic polarity transitions
from sediments led to the suggestion that the virtual geomagnetic
pole (VGP) paths run preferentially along two bands of longitude,
across the Americas and the antipode (Laj et al., 1991; Clement,
1991). It was suggested that certain geophysical parameters, such as
the regions of higher seismic velocities in the lower mantle, have a
significant control over the reversal process (Laj et al., 1991). The
significance of the preferred longitudinal bands has been questioned.
Langereis et al. (1992) conclude that the preferred VGP paths can
arise from smoothing of pre- and post-transitional directions. The sta-
tistical significance of preferred longitudinal VGP bands has also
been questioned (McFadden et al., 1993).

Paleomagnetic transitional records from lavas for the past ten mil-
lion years tend to cluster in at least two specific restricted regions
(Hoffman, 1992). These zones correlate with the near-radial flux con-
centrations of today's nondipole field. Prévot and Camps (1993) in
contrast suggest that there is no evidence for preferred cluster zones
or longitudinally confined VGP paths in the volcanic rock record.
Love’s (1998) analysis of paleomagnetic lava data contradicts that of
Prévot and Camps (1993) and does not find support for the hypothe-
sis of clustering of transitional VGPs (Hoffman, 1992). On the con-
trary, Love (1998) concludes that volcanic rocks give intermediate
VGPs that tend to fall along American and Asian longitudes.

The natural remanent magnetization (NRM) of sediments is com-
plicated because of postdepositional processes, which lead to the ac-
quisition of magnetization over an extended time period. In addition
to these difficulties in remanence acquisition, the NRM of cored sed-
iments can be overprinted by a coring-induced magnetization (CIM).
Vertical and radial CIMs were observed on sediment cores from sev-
eral Ocean Drilling Program (ODP) legs. Fuller et al. (1998) mea-
sured axial fields from 1 up to 15 mT pointing along the core barrels
and radial fields around a few millitesla within the advanced hydrau-
lic piston corer (APC) inner core barrels. The properties of coring-
induced magnetization and the acquisition mechanism were reviewed
by Fuller et al. (1998). Below, we examine the transitional VGP paths
from three reversals recorded in sediments cored off the California
margin. Our results illustrate the sensitivity of VGP paths to factors
unrelated to the geomagnetic field. In particular for this study and
likely for other studies that use deep-sea drill cores, magnetic over-
prints acquired during drilling operations prove to be difficult to fully
remove using standard alternating-field (AF) demagnetization meth-
ods. The bias caused by the overprint is significant enough in these
cases that the accuracy, and hence the geomagnetic significance, of
the positions of the transitional VGPs is questionable.

SITE LOCATION AND SAMPLING

The sediment records of the Brunhes–Matuyama (B–M) transi-
tion and the upper Jaramillo were obtained from ODP Leg 167. Site
1014 is located at 32º50′N, 119º60′W, in the Tanner Basin of the Cal-
ifornia Borderland (Fig. 1). San Diego is ~290 km east of the loca-
tion. In the upper 120 m below seafloor (mbsf), the sediments consist
of clay and nannofossil ooze. The sedimentation rate in this part of
the section is around 8 cm/k.y. (Lyle, Koizumi, Richter, et al., 1997).
The B–M transition was sampled continuously with 1.5-m-long
u-channels (2 × 2 cm2 in cross section) and with discrete samples at
a spacing of 3 cm across the transition. The u-channels were taken
from the archive halves and the single samples from the correspond-
ing working halves of the cores at Sites 1014 and 1020.

Hole 1020C is located at 41º00′N, 126º26′W, on the east flank of
the Gorda Ridge (Fig. 1). The sediments in the section where the B–M
and the upper Jaramillo transition are recorded consist mainly of clay
interbedded with nannofossil clay. The B–M and the upper Jaramillo
transition at Site 1020 were sampled with u-channels. Discrete sam-
ples were taken at high spatial resolution (one sample every 3 cm)
from 75.3 to 78.1 mbsf across the B–M reversal and from 93.3 to 95.4
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mbsf across the upper Jaramillo reversal. The sedimentation rate at
Site 1020 over the sampled interval is again ~8 cm/k.y. 

MEASUREMENTS

The measurements of natural remanent magnetization and anhys-
teretic remanent magnetization (ARM) of the u-channel samples
were carried out at the University of California, Davis, with a 2G
pass-through cryogenic magnetometer in a shielded room. The u-
channels were measured at 1-cm intervals, but because of the re-
sponse function of the pick-up coils, only every fourth measurement
is independent (Weeks et al., 1993). The stepwise AF demagnetiza-
tion of the NRM was carried out with steps of 5, 10, 15, 20, 25, 30,
40, and 50 mT. After demagnetizing the NRM, an ARM was applied
at 100-mT AF with a 0.05-mT bias field followed by stepwise de-
magnetization at 20, 25, and 30 mT. In addition, the initial suscepti-
bility (χ) was measured. The saturation isothermal remanent magne-
tization (SIRM) was induced in a 1-T direct field and stepwise AF de-
magnetized at 20, 25, and 30 mT.

The NRM, ARM, and isothermal remanent magnetization (IRM)
of the discrete samples were measured with a 2G cryogenic magne-
tometer at the paleomagnetic laboratory of the Universität München.
The NRM of all single samples was measured and stepwise AF de-
magnetized up to 40 or 50 mT. Some of the specimens had already
been demagnetized on the ship to an AF step of 20 mT. Magnetic sus-
ceptibility was measured with a KLY 2 Kappabridge. The ARM was
induced in the single samples at 150-mT AF with a 0.05-mT bias
field and the SIRM with a 1-T direct field. Both remanences were de-

Figure 1. Locations of Sites 1014 and 1020, which were drilled with the
advanced hydraulic piston corer during ODP Leg 167 along the California
margin.
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magnetized at 20-mT AF. The remanent coercive force (Bcr) and the
hysteresis loops of 24 samples were measured with a variable field
translation balance. 

RESULTS

Natural Remanent Magnetization

The AF demagnetization diagrams (Fig. 2) show in most cases a
characteristic remanent magnetization (ChRM) and a steep down-
ward coring-induced overprint for the u-channel measurements. This
overprint appears to be removed with alternating fields between 15
and 20 mT. The CIM was not observed in the discrete samples be-
cause they had been already demagnetized at 20 mT during Leg 167.
Figure 2 shows typical Zijderveld diagrams of samples from Hole
1020C before, during, and after the upper Jaramillo transition. The
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Figure 2. Comparison of representative AF-demagnetization diagrams for
samples around the upper Jaramillo transition at Hole 1020C. U-channel
measurements (right side) and discrete samples (left side) are from the same
depth intervals. MAD is the maximum angle of deviation when fitting a
straight line segment to the demagnetization data. (A) Directions before the
transition, (B) transitional directions, and (C) directions after the upper
Jaramillo reversal. Declinations of u-channels and single samples are differ-
ent by ~180° because they are from opposite halves of the core.
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discrete sample and the u-channel measurements are from the same
depth interval before (Fig. 2A), during (Fig. 2B), and after (Fig. 2C)
the transition. The ChRMs were obtained by fitting a line through at
least four points of the demagnetization diagrams. The inclination
values of discrete samples and u-channels are in good agreement. The
differences in declination of ~180º occur because u-channel samples
were taken from the archive halves and the discrete samples from
working halves. The ChRM can be determined quite reliably for sam-
ples outside the transition interval, and the principal component anal-
ysis is based on at least four demagnetization steps. A minimum of
three points were used to fit a line to the AF-demagnetization data for
computation of the transitional directions. The directions during a re-
versal are not as stable as during constant polarity intervals. The max-
imum angle of deviation for a line fit to the directional data of single
samples during the transition is larger than before or after the transi-
tion (Fig. 2).

The inclination, corrected declination of the ChRMs, and the nor-
malized NRM for the upper Jaramillo transition at Site 1020 are plot-
ted vs. depth in Figure 3. For the normalized NRM intensities, the
demagnetization level of 20 mT is chosen for ARM and NRM. The
NRM intensities of single samples from Site 1020 that were mea-
sured in the Munich laboratory were 7%–22% higher than the ship-
board intensities, which is most likely caused by differences in mag-
netometer calibration. The ARM values are normalized to the mean
value of the investigated depth interval to make single-sample and
u-channel results comparable. Normalized values are used because of
the difference in amplitude of the alternating field for the acquisition
of ARM between the discrete samples and u-channels. The normal-
ized NRM intensities are probably indicators for paleointensity, as
demonstrated in the rock magnetism section below. There is good
agreement in inclination, declination, and relative paleointensity be-
tween discrete samples and the u-channel measurements (open trian-
gles and solid dots, respectively, in Fig. 3). The dashed lines in the
plot of inclination represent the values of ±60º expected for an axial
geocentric dipole field at the geographic latitude of 41º for Site 1020.
The inclinations of the reversed directions are a little shallower than
the expected value. This could be the result of a coring-induced over-
print that was not completely removed. The normalized relative
paleointensity has a minimum at the upper Jaramillo transition. This
minimum in relative paleointensity coincides with the jump in decli-
nation from 0° to 180°. From the geomagnetic polarity time scale
(Cande and Kent, 1995), this depth can be assigned an age of 990 ka.
If one employs a constant sedimentation rate of 8 cm/k.y., based on
the duration of the Jaramillo Subchron, the length of the transition
can be estimated. The directional change for the upper Jaramillo tran-
sition takes ~5 k.y. The labeled points in Figure 3 are the ChRM of
the discrete samples and u-channel measurements displayed in Fig-
ure 2. The low density of data points in the transition region (Fig. 3)
is caused by single samples or u-channel intervals that were not inter-
pretable.

The resulting VGP paths of the upper Jaramillo reversal for the
u-channel measurements and the single samples are illustrated in Fig-
ure 4. The VGPs from the u-channel measurements (solid dots) and
the single samples (open triangles) are different. For the u-channels,
the VGP path tracks across the Pacific. The only intermediate VGP
from a single sample lies near the Gulf of Mexico. Two intermediate
VGPs are marked with “1,” and the Zijderveld diagrams of the dis-
crete sample and the corresponding u-channel measurement are
Figure 3. Downhole plot of the characteristic remanence 
inclination and declination and normalized relative 
paleointensity of the upper Jaramillo transition from 
Hole 1020C (Gorda Ridge). Solid dots = the u-channel 
measurements, open triangles = the results from the dis-
crete samples. The core coordinate system was rotated 
so that declinations were on average at 0° for normal 
intervals. Natural remanent magnetization (NRM) and 
anhysteretic remanent magnetization (ARM) were both 
AF demagnetized at 20 mT. The age model is based on 
the ages of the upper Jaramillo (990 ka) and lower 
Jaramillo (1070 ka) reversals and the assumption of 
constant sedimentation rate between these two reversals 
with known depth. The dashed lines represent the val-
ues expected for an axial geocentric dipole field.
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shown in Figure 2B. The inclinations of these transitional samples are
rather steep, so the declination value is not well defined. After remov-
ing a large fraction of the CIM with 20-mT AF, the remaining NRM
intensities of transitional samples are low (J < 0.2 mA/m). The deter-
mination of ChRMs in these intermediate samples is more difficult
than for samples from stable polarity intervals.

Figure 5 shows the inclination and declination of the ChRMs and
the normalized remanence record vs. depth for the Brunhes–Matuyama
transition at Site 1020 (Gorda Ridge). In this record, a precursor to
the reversal occurs in the depth interval from 77.35 to 76.90 mbsf.

Figure 4. VGP paths for the upper Jaramillo transition at Site 1020 (solid
dots = u-channel measurements, open triangles = discrete samples). The only
intermediate discrete sample is marked with a “1” as well as the u-channel
measurement from the same depth interval. The corresponding Zijderveld
diagrams with the AF-demagnetization behavior are shown in Figure 2B. 
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After a short period of negative inclination, the directional change to
normal polarity takes place within 50 cm. With a sedimentation rate
of 8 cm/k.y. (Lyle, Koizumi, Richter, et al., 1997), the duration of the
directional change corresponds to ~6.2 k.y. An incompletely re-
moved drilling overprint is also seen in this reversal record because
the inverse inclinations are considerably shallower than the value ex-
pected for a dipole field (dashed lines in Fig. 5).

The VGP path for the B–M transition at Site 1020 is presented in
Figure 6A (the results from discrete samples) and in Figure 6B (the
u-channel measurements). There is not much similarity between the
two VGP paths, but in both cases the VGP jumps several times from
normal to reverse polarity and back. For the discrete samples and the
u-channel measurements, the VGPs in the Southern Hemisphere do
not reach the geographic South Pole. This lack of antipodality can
arise from a normal drilling overprint, for example, which leads to
shallow negative inclinations. 

Magnetic Mineralogy

Several tests have been conducted to identify the main carrier of
remanent magnetization at Site 1020. High-coercivity magnetic min-
erals like hematite are not dominant in this section of the sediments.
This is concluded from the S–0.3T parameter (Bloemendal et al., 1992),
which is higher than 0.95 for most measurements on u-channels and
discrete samples (Fig. 7). In addition, all IRM acquisition curves
reach saturation between 200 and 300 mT, which suggests that
(titano) magnetite may be present and that high-coercivity minerals
are mostly absent. The results of the thermomagnetic curves show no
noticeable intensity drop up to 400ºC, and during the heating process,
Figure 5. Plot of the characteristic remanent magnetiza-
tion (inclination and declination) and normalized rela-
tive paleointensity vs. depth of the Brunhes–Matuyama
transition at Hole 1020C. Solid circles = the u-channel
measurements, open triangles = the results of the dis-
crete samples. The agreement between ChRMs from u-
channels and discrete samples is good during stable
polarity intervals but becomes unsatisfactory during the
reversal. Natural remanent magnetization (NRM) and
anhysteretic remanent magnetization (ARM) were both
AF demagnetized at 20 mT. Age model as in Figure 3.
The dashed lines represent the values expected for an
axial geocentric dipole field.



BRUNHES–MATUYAMA AND UPPER JARAMILLO TRANSITIONS
magnetite is formed around this temperature. It was not possible to
demonstrate the presence of primary magnetite with the aid of the
thermomagnetic curves because secondary magnetite was formed
upon heating.

Downcore variations in magnetic concentration can be estimated
from ARM and susceptibility χ. Figure 7 shows the variation of ARM
and susceptibility vs. depth. The variations in ARM and χ are less
than a factor 5.2 and 2.6, respectively. The concentration of magnetic
minerals, therefore, varies much less than a factor of 10, which is one
prerequisite for relative paleointensity determination (Tauxe, 1993).

The uniformity of grain size was determined from the hysteresis
parameters Jrs/Js and Bcr/Bc. The plot of Jrs/Js vs. Bcr/Bc (Day et al.,
1977) shows that the mean grain size clusters like in many other sam-
ples within the pseudo-single-domain range (Fig. 8). The grain sizes
of the magnetic particles in the sediments from Hole 1020C (B–M
transition and upper Jaramillo) are quite similar, and there are only
small variations in magnetic mineralogy across these reversals.

Modeling the Effects of Overprint on the VGP Path

The ChRM from the upper Jaramillo and the B–M transition
(Figs. 3, 5) have negative inclinations that are too shallow compared
with the value expected at this location for a dipole field. Evidence
for a radial overprint comes from the declinations of NRM after 20-
mT AF demagnetization of 13 cores of Hole 1020C. Ideally, the dec-
linations should be randomly distributed between 0º and 360º be-
cause of the randomly oriented cores. But there is a concentration of
samples with high intensities and with declinations clustering around
180º, 270º, or 330º. 

Another example of a reversal with a drilling overprint is given in
Figure 9 with a record of the B–M transition at Hole 1014D from u-
channel measurements. The negative inclinations are again shallow,
and the positive inclinations are steep compared with the expected in-

A
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Figure 6. VGP path of the B–M transition from ChRMs of (A) discrete sam-
ples and (B) u-channel measurements from Figure 5. The two types of sam-
ples from opposite halves of the core show very different VGPs during the
polarity transition. 
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Figure 7. Anhysteretic remanent magnetization (ARM) normalized to its
mean value, and S–0.3T parameter and susceptibility from the Brunhes–
Matuyama and upper Jaramillo transitions at Hole 1020C. 

Figure 8. Plot of the hysteresis parameters Jrs/Js vs. Bcr/Bc after Day et al.
(1977). There is a tight cluster within the pseudo-single-domain (PSD) size
range from the B–M and upper Jaramillo transition at Site 1020. Samples are
from the two depth intervals shown in Figures 3 and 5. SD = single domain,
MD = multidomain. 
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Figure 9. Plot of the characteristic remanent magnetiza-
tion (inclination and declination) from u-channel mea-
surements and normalized remanence record of the B–M 
transition at Site 1014. Natural remanent magnetization 
(NRM) and anhysteretic remanent magnetization (ARM) 
were both AF demagnetized at 20 mT. The dashed lines 
represent the values expected for an axial geocentric 
dipole field.
clination value of 52º at this latitude (dashed lines in Fig. 9). The
record from Site 1014 in the Tanner Basin is a good example for the
influence of a coring-induced overprint in the positive z-direction.
Drilling overprints in various directions were also observed in other
ODP cores (Roberts et al., 1996). During the coring process with the
APC, the sediments may get an isothermal remanent magnetization
overprint in the vertical direction. Another possibility is a radial over-
print, which can be acquired by the sediments during the drilling pro-
cess (Herr et al., 1998; Fuller et al., 1998). The NRM intensity of the
sediments from Site 1014 had decreased by about a factor of 30 be-
tween the shipboard measurements and the land-based intensity mea-
surements seven months later (F. Heider, J.M. Bock, J.P. Kennett, I.
Hendy, J. Matzka, and J. Schneider, unpubl. data). Reorientation of
magnetic particles in the expanding sediment is a possible explana-
tion because susceptibility of the sediments remained unchanged be-
tween shipboard and land-based measurements. The record at Site
1014 is further complicated by the presence of two magnetic miner-
als, which are locked in at different depths below the sediment/water
interface. 

The effect of a steep vertical overprint on the VGP path of the B–
M transition at Site 1014 is illustrated in Figure 10. Because of the
high positive inclinations, the northern VGPs do not reach the north
rotation pole and remain close to the site. The southern VGPs exhibit
the same behavior in the opposite direction because of flattening of
negative inclinations.

It is difficult to exactly quantify the direction and intensity of the
magnetization overprint in the x-, y-, or z-direction. Instead, we add
or subtract a small component of magnetization to the measured
NRM20mT intensity and investigate the change in the resulting direc-
tion of magnetization. For a modification of the VGP path during the
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upper Jaramillo transition from Site 1020, the u-channel measure-
ments were taken at a demagnetization step of 20 mT because many
transitional VGPs are available from that reversal. If sediments are
contaminated by a coring-induced overprint, the size of this overprint
depends on the concentration of magnetic particles in the sediment.
In the following calculations, the remanent magnetizations that were
added to each u-channel measurement were proportional to the inten-
sity of ARM. It is assumed that the intensity of the drilling remanence
is proportional to the ARM, which is a measure for the amount of
magnetic particles. The intensities of NRM20mT, 1% of ARM and the

Figure 10. The VGP path of the B–M reversal was calculated from the char-
acteristic remanent magnetizations at Hole 1014D in the Tanner Basin of the
California Borderland. The VGPs do not reach the North and South geo-
graphic Poles, probably because of the drilling-induced overprint. Direc-
tional data of the ChRMs are plotted in Figure 9.
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ratio of 0.01·ARM/NRM20mT, are shown in Figure 11 for the upper
Jaramillo transition. The ratio of 0.01·ARM/NRM20mT varies around
0.05–0.10 for samples before and after the transition and increases to
0.4 for transitional samples. These varying amounts of 0.01·ARM are
subtracted or added to the NRM20mT intensities. 

The VGP path is plotted in Figure 12A for the upper Jaramillo
transition from u-channel measurements at a demagnetization step of
20 mT. There is a large similarity between the VGP path calculated
from the ChRM directions of the u-channels (Fig. 4) and this
NRM20mT record (Fig. 12A). A shift of the VGP path occurs when 1%
of the ARM intensity is added to the x-component of the NRM after
AF demagnetization at 20 mT (NRM20mT). The model calculations
were conducted after correcting the declination to 0° for normal di-
rections and to 180º for inverse directions, so that the x-axis points
north. The positive z-direction points downward along the core. After
adding 1% of ARM to the x-axis, the transitional VGPs move west-
ward, and the VGPs in the Northern and Southern Hemispheres move
to higher latitudes. The westward motion of the transitional VGPs be-
comes even larger when 2% of the ARM intensity is added to the
x-component of NRM20mT (Fig. 12C). This example shows that an
incompletely removed radial overprint could strongly affect the VGP
path during the field reversal. In addition to a radial overprint, a steep
vertical overprint is frequently observed. In Figure 13 we see a com-
bination of 1% of ARM subtracted from the x-direction and 1% of
ARM (Fig. 13A), 2% of ARM (Fig. 13B), and 3% of ARM (Fig. 13C)
subtracted from the z-direction. The transitional VGPs now move
eastward with increasing overprint compared with the original track
(Fig. 12A), and the VGPs in the Southern Hemisphere tend to lie
closer to the geographic South Pole. These effects become more pro-
nounced as we increase the overprint from Figure 13A through 13C.
These simulations of synthetic overprints demonstrate that a CIM
that cannot be fully removed may affect the VGP path considerably.

CONCLUSIONS

1. The characteristic remanent magnetization directions from
u-channel measurements and single samples at Site 1020 are well de-
fined before and after the magnetic reversals. The determination of
ChRMs for transitional samples is more difficult because of their low
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vs. depth for the upper Jaramillo at Site 1020. The region of the transition is
marked with a dashed line. For the transitional samples, the ratio 0.01·ARM/
NRM20mT increases to 0.4.
intensities and the badly defined primary magnetization directions.
The negative inclinations at the northern Site 1020 are slightly shal-
lower than the value expected at this latitude for an axial geocentric
dipole field. This suggests an unremoved coring-induced overprint
whose coercivity spectrum overlaps with the coercivities of the
ChRM. The Brunhes–Matuyama transition at the southern Site 1014
shows shallow negative and steep positive inclinations.

2. The VGP paths for the u-channel measurements and the dis-
crete samples from the upper Jaramillo transition at Site 1020 are
roughly similar. The VGPs from the u-channels track across the Pa-
cific Ocean, whereas the only transitional VGP from the discrete
samples lies over the Gulf of Mexico. The B–M reversal at Site 1020
shows differences between the u-channel measurements and the dis-
crete sample results, so the interpretation of the transitional VGPs
must be handled with caution. The effect of the drilling-induced over-
print on the VGPs at Site 1020 can be seen in both records (Figs. 4,
6). In future studies, thermal demagnetization should be tried if AF
treatment fails to remove the hard drilling remanence.

3. Variations in grain size and composition of magnetic particles
along the core are small at Site 1020.

4. The Brunhes–Matuyama transition at Site 1014 in the Tanner
Basin demonstrates convincingly the persistent nature of the drilling-

A

B

C

Figure 12. A. VGP path of the upper Jaramillo transition at the demagnetiza-
tion step of 20 mT from u-channel measurements. The influence of a radial
overprint in the x-direction was modeled by adding a remanence that is pro-
portional to 1% or 2% of ARM. B. Positive x-component of NRM20mT +
0.01·ARM. C. Positive x-component of NRM20mT + 0.02·ARM.
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induced overprint. In that case the VGPs do not reach the geographic
North or South Pole. As a result of the two magnetic minerals and the
NRM intensity drop in the sediments of Site 1014, the directional
record of these sediments should only be regarded as an illustration
of a persistent coring-induced magnetization.

5. Because of the hard coring-induced remanence components,
we do not consider any of the transitional records from this study suit-
able for extracting details about the geomagnetic field. 

6. Model calculations for the VGP paths of the upper Jaramillo
transition show that incompletely removed radial and vertical over-
prints can strongly affect the track of the VGPs. The antipodality of
normal and inverse directions can be improved by subtracting a radial
and vertical component of magnetization. Previously measured
records from ODP cores must be investigated for the possible pres-
ence of coring-induced overprints. 

A

B

C

Figure 13. These calculations model the simultaneous effects of vertical and
radial overprints on the NRM. A. The x-component of NRM20mT – 0.01 · ARM;
z-component of NRM20mT – 0.01 · ARM intensity. B. The x-component of
NRM20mT – 0.01 · ARM; z-component of NRM20mT – 0.02 · ARM. C. The
x-component of NRM20mT – 0.01 · ARM; z-component of NRM20mT – 0.03 ·
ARM.
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