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Abstract

Geomagnetic paleointensity measurements from sedimentary records can be severely affected by viscous remanent
magnetization (VRM). We present a method for determining varying amounts of long-term VRM acquired during the
present polarity interval, using the typically non-linear relationship between acquisition of artificial magnetization and
demagnetization of NRM. The non-linear parts are to be avoided for paleointensity determinations, but here we focus
on their use for indicators of long-relaxation time VRM. The method, which does not require determining pal eointensity
values, suggests correlations with paleoclimate curves and age-dependent growth of VRM. Furthermore, it appears that the
long-t VRM acquired during the Pleistocene is accompanied by short-r effects detected in the laboratory environment.
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1. Introduction

In paleomagnetism, the natural remanent mag-
netization (NRM) of rocks consists of a primary
magnetization acquired during formation of the rock,
which is often overprinted by secondary magneti-
zations. The NRM of volcanic rocks is formed by
cooling below the Curie temperature of the magnetic
materia (thermo-remanent magnetization or TRM),
whereas sedimentary rocks have a more compli-
cated process of natural magnetization referred to as
detrital remanent magnetization (DRM) and/or post-
depositional processes (pDRM). Here we consider
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the entire continuum of physical processes during
deposition, compaction and burial as DRM (see[1]).

Viscous remanent magnetization (VRM) is one of
the unwanted remanences, which must be eliminated
from NRM in order to characterize the properties of
the primary remanence. The remova of VRM and
other secondary magnetizations is the main purpose
of demagnetization methods in use for both direc-
tional and intensity studies. Information about the
intensity of the primary remanence, and thus an in-
dication of the paleomagnetic field strength, is the
most difficult to obtain. For thorough discussions of
viscous magnetization we refer to, e.g., [2-6]. The
important aspects of VRM are briefly summarized
here.

According to Néel [2] any initial remanence Mg
will asymptatically approach its equilibrium magne-
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tization M, in an exponential fashion with a char-
acteristic constant known as the relaxation time t,
which strongly depends on grain size, coercivity and
temperature. Any naturally occurring assemblage of
magnetic particles will have a range of relaxation
times. When viewed over a restricted time span, the
behavior of VRM can often be reasonably approxi-
mated by some log(t) relation, where t is time (see
e.g., [2,7]). This approximation cannot hold when
t — oo, for that would imply an infinite magnetiza-
tion. Clearly, the longer a sample stays in a steady
non-zero field, the more long-t VRM is acquired
and the closer to M, its magnetization becomes.

The VRM intensity in paleomagnetic datais also
driven by the type of magnetic material present in the
rock. Differencesin sediment composition inevitably
cause changes in the magnetic properties and thusin
the type and amount of VRM.

Since relaxation of magnetic remanenceis a ther-
mal activation process, elevated temperatures pro-
mote viscous behavior, i.e., acquisition or decay of
VRM. The principle of thermal demagnetization of
rocks rests on the consequence of the logarithmic
reduction of the relaxation time on increased tem-
perature. For example, a viscous remanence carried
by particles with relaxation times of less than a few
million years at room temperature can be erased at
200°C within a few minutes (see [8]). Néd’s block-
ing approximation of this process states that when
t < 7 no viscous relaxation has occurred, whereas
att > t the equilibrium magnetization has been
reached. While thisis a good approximation on lab-
oratory time scales (grains are either blocked or not),
it is arather poor approximation for geological time
scales. It is important to remember that the popula-
tions of particles with relaxation times longer than
the ‘exposure’ time t have also undergone some de-
gree of relaxation. Furthermore, when the relaxation
time is equal to the exposure time, only 63% of the
maximum possi ble magnetization has been reached.

For rocks that have experienced only the present
polarity chron, a viscous remanence will be added
to the direction of the primary remanence vector. Of
coursg, if the settings of lavas or sediments change,
for instance because of tectonics, the secondary com-
ponent can be in a different direction from the pri-
mary vector. Sediments or lavas older than 778 kyr
have experienced the two antipodal states of the ge-

omagnetic field, and have therefore also acquired
VRM in the direction opposite to the primary di-
rection. If such magnetizations are not effectively
demagnetized, NRM values spanning a paleomag-
netic reversal are expected to be offset. Earlier, we
argued [9] that VRM carried in part by particles
with relatively long relaxation times (r > t) may
have caused the asymmetrical saw-toothed pattern
observed around polarity reversals in sedimentary
paleointensity records [10]. More effective demag-
netization methods indicated that the saw-toothed
pattern in one of the origina records disappeared
[11].

We emphasize that here we are mainly concerned
with viscous remanent magnetization acquired by
populations with long relaxation times over geolog-
ical time (r > t). We refer to this type of VRM
aslong-t VRM. Short-t VRM acquired during col-
lection, transportation or in the laboratory is often
easily eliminated, but long-t VRM is more persis-
tent and may therefore not always be recognized.
Moreover, long-relaxation time viscosity applies to
every grain-size population of magnetic particles, be-
cause of thermal activation and is consequently more
difficult to remove.

In this study, we put forward a method which
yields an estimate for what we interpret as the
amount of long-t VRM from the present polarity
chron. It uses sedimentary data from two Brunhes-
age cores chron that have been used for paleointen-
sity research. The long-t VRM is compared with
short-t viscosity effectsin the laboratory.

2. Palecintensity and VRM

There are two main types of stepwise demag-
netization used in paleomagnetic studies. exposure
to increasing temperatures or to increasing alter-
nating fields. One standard technique in paleomag-
netism involves the measurement of the NRM after
a given demagnetization level (‘blanket’ demagne-
tization), at which it is assumed that VRM and
other secondary magnetizations have been erased. In
this way, it is hoped that a primary magnetization
has been isolated. In paleointensity studies of sed-
iments, this remanence is subsequently normalized
by a bulk magnetic property to account for changes
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in magnetizability. The blanket normalization pro-
cedure assumes magnetic uniformity throughout the
record. Changes in the bulk properties through di-
agenesis or environmentally controlled changes can
violate the assumption of uniformity, resulting in
compromised relative paleointensity estimates. Only
when the bulk magnetic parameters (the normalizing
factors) account for the primary non-geomagnetic
factors that influence the NRM intensity, the ratios
(NRM /normalizer) give reliable estimates of varia-
tions in the geomagnetic field intensity (see Tauxe
[1] for areview on paleointensities).

2.1. Pseudo-Thellier and VRM

Conventional relative paleointensity estimates
rely on NRM derived from bulk demagnetization
at a single step. Often, several normalizers are used
to assess magnetic uniformity (see e.g., [12]), but
mostly this is done for a single NRM measurement.
However, the blanket demagnetization step can be
insufficient to remove variable amounts of VRM.
The problem with using the traditional methods for
relative paleointensity estimates is that it is impos-
sible to assess the contribution of VRM to NRM in
which the DRM and VRM are sub-parallel.

For volcanic rocks, a more sophisticated normal-
ization method existed long before sedimentary se-
quences were used for palecintensity determination
[13,14]. The Thellier—Thellier method uses thermal
demagnetization of NRM and compares it with par-
tial thermal remanences acquired in a known labora-
tory field at the same temperature steps. By plotting
NRM remaining against the laboratory TRM, it is
possible to separate components dominated by VRM
from those that can be considered to be primary com-
ponents. During the process, one is aso able to mon-
itor possible changes in magnetic parameters caused
during the laboratory treatment. Absol ute pal eointen-
sities can only be obtained from this method when
the specimen has a thermoremanent (TRM) origin.
Deep-sea sediments can aso be subjected to the
Thellier—Thellier method with promising results (see
e.g., [15]. Although the DRM acquisition process is
completely different from thermoremanent magneti-
zation, the Thellier-paleointensities from sediments
can at least be considered to be relative measures of
the paleomagnetic field.

Recently, a pseudo-Thellier approach was de-
veloped for estimating relative paleointensities in
sediments [16]. It uses non-destructive alternating
fields (AF) demagnetization and anhysteretic rema-
nent magnetization (ARM) acquisition as opposed to
thermal methodsin the Thellier—Thellier experiment.
They suggested that the pseudo-Thellier technique is
capable of separating VRM from DRM. Differences
between the two pal ecintensity estimates were there-
fore taken to be measures of long-t viscous effects
during the Brunhes. These correlated with viscous
behavior on alaboratory time scale [16].

2.2. VRM area model

We explore here the pseudo-Thellier method for
detecting and quantifying long-r VRM contributions
parallel to the DRM. A schematic representation of
an Arai plot [17] is given in Fig. 1. NRM (vertica
axis) is plotted versus an artificially acquired anhys-
teretic remanence (ARM) at the same AF peak field
(horizontal axis). A linear relation between the two
assumes that ARM reasonably mimics DRM. The
slopeis used as an estimate of relative pal ecintensity,
asis done in the Thellier—Thellier procedure for ab-
solute determinations. If the VRM adds to the DRM,
this will result in a higher value for NRM, while the
magnetic parameter ARM remains unchanged. The
VRM component causes the curve connecting the
data to become concave up. After the demagnetiza-
tion level at which the VRM is eliminated (as well
as part of the DRM), only the primary NRM — i.e.
DRM — will be further demagnetized. Ideally, the
relation between ARM and DRM s linear; however,
as Tauxe et a. [16] noted, it may be possible that
they will never relate in this way. Please note that
only VRM acquired in the same direction as DRM
will behave in this way; when VRM is opposite to
DRM the curve in the Arai plot can be concave
down. For this study only Brunhes age sediments are
used, however.

The vertical axis indicates the sum of DRM and
VRM. One way to quantify the relative proportion
of VRM to the NRM would be to calculate the
slope of the best-fit line through the data and deter-
mine the y-intercept on the NRM axis (see Fig. 1).
However, this procedure implicitly requires that the
‘rea’ relative paleointensity has been reliably deter-
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Fig. 1. Representation of Arai plot with best-fit dope as a relative measure of paleointensity and the ‘VRM area’ (light gray) as a
first-order indication of the amount of VRM. The total NRM comprises DRM and VRM; a separation of the two remanences could
ideally be found as the y-intercept of the relative paleointensity slope (see text).

mined, preferably with a very small error. Thus, the
VRM estimate depends on the paleointensity esti-
mate. The dark gray areain Fig. 1 isalso a possible
candidate for a VRM estimate. But similar to the
y-intercept problems, we first have to know our true
‘best-fit line'. Therefore, to calculate the dark gray
area strongly depends on what is ‘forced’ to be the
paleointensity slope.

To avoid this imposition, we choose to calculate
the amount of VRM in a different manner. We de-
termine the so-called ‘“VRM area’ (indicated as the
light gray area in Fig. 1), which has the advantage
that it does not require that the paleointensity slopeis
known. The VRM areaisthe complement of the area
under the curve, which is calculated as a Riemann
sum (i.e., the sum of the areas of the columns with
as widths the difference of two successive acquisi-
tion steps, and heights the average of two successive
NRM demagnetization steps). Because not all spec-
imens have identical volumes, we choose to normal-
izethe VRM areaby the area of theright triangle that
spans the entire Arai plot (i.e. 0.5 x base x height
= 0.5 x NRMpmax X ARMpa). Thus, the VRM area
reflects the proportion of VRM in the NRM and
not an absolute value. The VRM area will increase

when the VRM contribution becomes more promi-
nent, but this process is non-linear. Therefore, we
concede that the VRM area cannot serve as an exact
measure of the amount of VRM, nor isit applicable
for very inhomogeneous cores. For example, if a
record displays an occasional large, but soft, viscous
overprint it will disappear early in the demagnetiza-
tion process, but causes the VRM area to be rather
large. Other samples that lack such soft VRMs will
give a drastically different answer. Such soft VRM
are not very important magnetizations for relative
paleointensity studies, because they are routinely re-
moved by storage in magnetically shielded space or
low-field demagnetization treatment. What concerns
us here is the more resistant long-r VRM. It should
be noted that part of the variations in the VRM area
could reflect contributions from diagenetic effects,
possibly as a time-dependent chemical remanence.

2.3. Material and methods

2.3.1. Core sdlection

We have resampled two cores (listed in Table 1),
which in earlier studies passed the requirements for
palecintensity determinations (e.g. [12]). The first
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Table 1

Characteristics of the records used in this study

Core Depth Length Latitude Longitude Age interval
(m) (m) (ka)

ERDC 89p 1963 6.92 0°00.2'S 155°51.9E 123436

RNDB 75p 3078 8.10 1954'N 160°12'E 142672

core was taken during the Eurydice (ERDC) Expe-
dition in 1975 from the Ontong—Java Plateau [18].
The remanence is carried by stable pseudo-single
domain magnetite and the core is relatively uni-
form with respect to grain size and concentration.
Its normalized record is therefore taken to reflect
variations in the intensity of the geomagnetic field.
From the same region, a second core was recovered
during the Roundabout (RNDB) Expedition in 1988
[19]. Again, uniformity in the magnetic properties
is observed, athough a shift to less ideal conditions
distinguishes the upper half from the lower half, but
the criteria for obtaining paleomagnetic information
are still met for the latter. The two cores have been
dated by correlating their oxygen isotope records to
a standard 880 curve [20] (with the Matuyama—
Brunhes boundary adjusted to 780 ka [21]). In this
study, the sediments have only witnessed the Brun-
hes polarity period, and therefore acquired long-t
VRM in a similar direction as the primary com-
ponent. Furthermore, al samples were stored in a
shielded room prior to measurements.

2.3.2. Paleointensity and error estimates

The pseudo-Thellier experiments took place at
Fort Hoofddijk, where the remanence measurements
were done on CTF and 2G cryogenic magnetome-
ters. Alternating field demagnetization and ARM
acquisition were performed on an SI-4 single axis
instrument (with an optional 50 wT DC field) and
the laboratory-built AF equipment (with an optional
42 T background field). Error estimates for the
best-fit slope in the Arai-plots were obtained by a
jackknife resampling scheme. Relative paleointen-
sity results with 90% confidence bounds for the two
cores studied are shown in Fig. 2.

2.3.3. IRM experiments
Two types of isothermal remanent magnetization
(IRM) experiments took place at Fort Hoofddijk. A

PM-4 pulse magnetizer was used to acquire IRM
at 1.0 T. For the first experiment, the samples were
bathed in liquid nitrogen (T = —196°C) and im-
mediately put in the PM-4. Directly after imparting
IRM, the samples were transferred to the 2G cryo-
genic magnetometer and measured while warming
for at least 15 min. This so-called IRM warm-up ex-
periment (see [22,23]) can indicate variable amounts
of superparamagnetic grains. The second experiment
is rather similar to the first, but was done at room
temperature. We monitored the IRM intensity over
a time span of 45 days to detect viscous decay in
zero-magnetic field on alaboratory time scale.

2.3.4. Epoxy stirred remanence

We have undertaken redeposition experiments
(see e.g., [24,25]) on several samples. After comple-
tion of the standard pseudo-Thellier experiment, the
sample was stirred in a thin epoxy and hardened for
two weeks in the Earth’'s magnetic field. The (very)
short-t VRM was suppressed through storage in the
magnetically shielded room for one day prior to the
demagnetization of stirred remanent magnetization
(StRM). Theresultsfor an NRM—-StRM example are
shown in Fig. 3. Normalized StRM and ARM as
function of AF demagnetizations (upper panel) are
very similar in the low fields (0—-35 mT), whereas
StRM and NRM demagnetizations are more alike in
interval 40-95 mT. All remanences are normalized
to the highest value. When plotted against each other
(middle panel of Fig. 3), NRM and StRM show a
rather linear relation between 20 and 60 mT, which
we interpret to be the DRM part of the origina
NRM. The curve tails are ascribed to VRM for low
fields, and ‘spurious’ magnetization acquired during
AF demagnetization for high fields. As aready ex-
pected, the Arai plots (lower panel) for both curves
are rather different. Clearly, the StRM curve has a
better linearity than the NRM. The NRM decreases
more at low fields resulting in a significant VRM
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Fig. 2. Results of pseudo-Thellier paleointensity determinations
jackknife estimates for the best-fit dope.

area. In addition, from the NRM curve in the Arai
plot, it is clear that determining the best-fit line for
the paleointensity estimate is much less straightfor-
ward than for the StRM curve. As a conseguence,
the y-intercept of the line through the NRM as a
possible indicator of VRM (Fig. 1) cannot be deter-
mined with high certainty. This experiment suggests
that sediments exposed to the Brunhes field for sev-
eral hundreds of thousands of years can acquire a
substantial amount of VRM. Naturaly, there is no
long-T VRM when they are redeposited and exposed
for afortnight in the Brunhes field. Stirred remanent
magnetization is thus a potential method both to nor-
malize NRM data [24,25] to separate long-r VRM
contributions. It requires accurate and reproducible
laboratory experiments, if used as paleointensity de-
terminations for a large set of samples. We found
StRM to be highly sensitive to laboratory conditions.

3. VRM arearesults

From al our pseudo-Thellier measurements on
the two cores we have calculated the VRM area. We

on the cores of this study. Gray areas indicate the central 90% of the

begin with two examples that indicate the effects of
paleoclimate on our VRM area.

3.1. VRM vs. climate

Palecenvironmental conditions can influence
magnetic properties and hence aso long-t VRM
acquisition. We illustrate this with two samples from
core ERDC 89p, one deposited during an interglacial
(stage 11) and one during aglacial (stage 12). Fig. 4a
and b indicate rather similar Zijderveld diagrams (be-
cause the cores are unoriented, the declinations are
not meaningful). Fig. 4c indicates that the normal-
ized remanences have quite different decay curves,
whereas the ARM acquisitions are essentially iden-
tical, including their absolute values. Normalization
has been done using the maximum NRM and ARM
values of the sample deposited in the glacial (cold)
stage. The Arai plot (Fig. 4d) shows a significant dif-
ference between the two samples. The ‘cold’ VRM
area is substantially smaller than the ‘warm’ (inter-
glacial) one, which is the sum of the two gray areas.
Thus, these examples indicate a strong variation in
the demagneti zation characteristics of the NRM, and
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Fig. 3. After the pseudo-Thellier procedure of the NRM, the sediment was redeposited by stirring in epoxy in Earth field (StRM). The
middle panel indicates that NRM and StRM are linear between 20 and 60 mT. Low demagnetization fields show a deviating part which
we label VRM, and at high AF fields there is evidence for acquisition of spurious magnetization. The StRM versus ARM acquisition
(lower panel) is much more linear than the NRM counterpart. In other words, the StRM is suggested to be less affected by long-t VRM.

this variation is expressed in the VRM areas. Pos-
sible reasons for these variations must be sought
in climate-related effects. For instance, pal eoproduc-
tivity has been shown to influence the remanence
carrying grains. Hartl et al. [26] suggested that the
differences found between the magnetic properties of
Eocene and Oligocene sediments of DSDP Site 522

could be ascribed to a variation in reduction diagen-
esis caused by increased productivity. Their study of
a South Atlantic core indicates that rock magnetics
can be sensitiveindicators of environmental changes.
Productivity estimates are also available for a piston
core from the Ontong—Java Plateau, taken quite close
to ERDC 89p. Herguera [27] showed that the density
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demagnetization curves are different, whereas ARM acquisition

data are similar. (d) The Arai plot of the NRM versus ARM points out the substantial difference between the two samples; the interglacial

period corresponds to a much larger VRM area.

of benthic foraminifera preserved in the sediment
correlates well with the climatic 820 curve. From
his reconstruction it was apparent that glacial peri-
ods favor higher productivity (i.e., accumulation of
benthic foraminifera), at least for the last 250 kyr. It
is possible that these variations in paleoproductivity

have influenced the magnetic properties at the ocean
floor. It appears that higher productivity intervals are
associated with magnetic grain sizes that are more
resistant to long-t VRM, perhaps through dissolu-
tion of the finest grains that are most susceptible
to VRM. Alternatively, climatically induced factors
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Fig. 5. VRM area (gray) versus age for core ERDC 89p. Links between the $180 curve (dashed) and the VRM area are suggested, but an
age dependence can be suggested as well. Interglacial stages are indicated by odd numbers.

may cause variations in grain size and provenance of
detrital material.

3.2. Core ERDC 89p

Not only the examples shown in Fig. 4, but also
datafrom the entire core ERDC 89p suggest possible
links between VRM area and climate as represented
by 8180 (Fig. 5). Possibly, a superimposed 880 pat-
tern on an apparent age-dependent trend is observed
in the VRM area. The long-term trend is consis-
tent with viscous relaxation of magnetization [2,9],
but also with the mechanical model of Mazaud [28]
that suggests progressive acquisition of post-detrital
magnetization in the first meters of the core.

3.3. Core RNDB 75p

The other Ontong-Java Plateau core (RNDB 75p)
aso shows a trend in the VRM area versus age
between 400 and 140 ka (Fig. 6). As already noted by
Tauxe and Shackleton [19], its magnetic properties
change abruptly approximately half way down the
core (at about 4 m, or 400 ka). The oldest part,
which islessideal for paleointensity research, shows
more viscous behavior (significantly larger inferred
VRM) than the younger part. Furthermore, some
high-frequency components in the oxygen isotope

signature correspond well to variations in the VRM
area.

The difference between the upper and lower half
of this core is evident from the saturation IRM
versus susceptibility x plot of Tauxe and Shackleton
[19] (see Fig. 7). The data fall on two distinct
tracks which they ascribed to a change in grain
size. To illustrate this, a best-fit line through the
‘upper track’ was calculated [19]. From this they
estimated an IRM value from a given y value. The
differences between these ‘expected IRM values
and the observed IRM values were called AIRM,
and are a measure of the influence of grain size. In
Fig. 8 the AIRM values are plotted together with
the VRM area data. The correlation between AIRM
and VRM area is remarkably good. The trend in
the youngest part of the VRM area record seems
to correspond to a dight trend in the AIRM, which
could suggest that this VRM areatrend is controlled
in part by diagenetic phenomena, as opposed to
strictly age-related growth.

The two tracks in the IRM versus y data[19] are
controlled by enhanced x in the lower part of the
core. This could be the result of either larger grains
(multi-domain range), or additional superparamag-
netic (SP) particles. SP behavior at room (or ocean)
temperature can be detected by IRM warm-up exper-
iments (see [22,23,26]. SP grains carry remanence



154 Y.S Kok, L. Tauxe/ Earth and Planetary Science Letters 168 (1999) 145-158

0.6 !
3
] :'v"',"'u
LY -'-./’". Pl B 1-15
0.5F RTINS (A ;! w;
T \ A , [
LYY e R ' P l" g i
AN EEWANNNT e
R :‘.' oo #'ﬂ‘ el
5 EREEEN IR, e
o4l A I A L A 1 e g oy |
o Vo [ 1. Py w ¥ u 1 @)
H vt i ! 1 il iy oy H P 1—1.0%®
= g TMEIE L h "ﬁ: o ©
" ] P nky o ' 1o
> | H AR e
0311 y : i , iy
i k& ¥
Xl e ¥ q-05
0.2 -i
i R ! e e |
200 300 400 500 600
Age (ka)
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oldest part of this record has a dightly different grain size [19], which is also evident from the significant difference in VRM area.
Correspondence between 3180 and VRM area are mainly observed in the oldest 150 kyr.
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Fig. 7. Saturation IRM against low-field magnetic susceptibility. The data fall on two well-defined tracks for samples of either half of the
core. (Redrawn from [19].)

at liquid nitrogen temperature and lose it during the since the magnetization was acquired, we choose
warm-up to room temperature. An IRM imparted at to normalize the IRM intensity with the measured
T = —196°C will show a greater loss of intensity if value after 180 s (this does not effect the outcome
more SP grains are present. Because the first mea- of the experiment). The results of the IRM warm

surements did not all occur at exactly the same time up experiments are shown in Fig. 9. It is clear that
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Fig. 8. The difference AIRM between the measured saturation IRM and the value predicted from a given x [19] indicates the same

behavior as the VRM area for core RNDB 75p.
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Fig. 9. Curves of IRM imparted at liquid nitrogen temperature versus time for core RNDB 75p. The data are normalized to IRM readings
after 180 s. The oldest part (black) of the record indicates a greater loss of moment than the youngest part (gray), consistent with a

greater portion of super-paramagnetic grains.

samples from the oldest part of core RNDB 75p
exhibit a greater loss of IRM intensity on warming
up, implying that the oldest part of the core has a
higher concentration SP grains. We suggest that the

enhanced SP concentration in the lower half of the
core is accompanied by an enhancement of longer
relaxation time grains, leading to an overall higher
long-t VRM contribution.
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4, Short-t VRM

A link between long- and short-t VRM was im-
plied in the pseudo-Thellier approach [16]. In that
study, the long-t VRM contribution was defined as
the difference between the conventional pal eointen-
sity estimate (estimated by a blanket demagnetiza-
tion and normalization) and the dope in the Arai
plot. The decay of a saturation IRM intensity in zero
field after 3.5 h was taken as the short-r viscous
behavior. Both viscous parameters correlated well,
which supported the assumption that the pseudo-
Thellier detects and removes VRM. The drawbacks
of this approach are that the conventional pal ecinten-
sity determination depends on asingle NRM reading
and that the ‘real’ relative paleointensity must be re-
liably determined. We now test our improved long-t
VRM egtimates — that do not suffer from these
problems — against the shorter-term viscous effects.
All samples from core RNDB 75p were therefore
subjected to an IRM decay experiment.

The first measurements (some 20 s after IRM
acquisition) are used to normalize the subsequent
measurements after 1, 6, 9, and 45 days. Fig. 10
shows the behavior of IRM remaining as a function

Y.S Kok, L. Tauxe/ Earth and Planetary Science Letters 168 (1999) 145-158

of time for al samples. IRM remaining varies from
99.5% to 91.5% of the initial IRM intensities. The
elapsed time is on alogarithmic scale, therefore, the
IRM decay ismore or lesslog(t).

In Fig. 11 we plot the same IRM-remaining data
as function of age, and compare these to the VRM
area. After one day, we observe small variations in
the percentages of IRM left, that could be correlated
to variations in the VRM area. After 6 and 9 days,
the correspondence became dlightly better, but we
also noted that the oldest part had decayed more than
the youngest. The last measurements occurred after
45 days; the separation between upper and lower
half is more clear. It supports the contention that
short-t viscous effects of the IRM decay (in the
order of weeks) are related to what we think is the
long-t VRM acquisition (in the order of hundreds
of thousands of years). We note that in cases where
long- and short-term VRM estimates are not similar
a very soft viscous overprint may be the culprit (as
discussed in Section 2.2). Furthermore, diagenetic
effects like possible biological iron growth could
have biased either ARM or IRM decay data. In
conclusion, the oldest part of RNDB 75p has more
VRM, both short-r and long-t.
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Fig. 10. IRM decay in zero field as a function of elapsed time (on logarithmic scale) for samples of RNDB 75p. The values are

normalized by the first measurements (100%).
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Fig. 11. Viscous decay of IRM as function of age, together with the VRM area values for core RNDB 75p. Gray symbols: after 1 day;
black symbols: after 45 days; black lines: after 6 and 9 days. Dashed lines suggest that IRM decay after 45 days is linked with long-t

VRM. Note that the IRM percentages are plotted upside-down.

5. Conclusions

Acquisition of VRM occurs in al rocks and is,
mostly, an unwanted relaxation process of the total
NRM. Short-t VRM contributions are often sup-
pressed by storage in a magnetically shielded space
or by rather weak demagnetization levels. On the
other hand, viscous remanences acquired over along
time span (severa 100 thousand years) are harder to
separate from primary magnetizations, also because
they are often paralel (or anti-parallel) to DRM.
Especidly in paleointensity studies, one must be
certain to have eliminated VRM as well as other
secondary magnetizations before paleointensity can
be extracted.

We have developed a method to characterize
long-t viscous processes of sedimentary natural
magnetic remanences. It uses the pseudo-Thellier
pal eointensity technique described [16] that connects
NRM demagnetization with ARM acquisition. When
NRM is plotted against ARM, we typically observe
aconcave-up curve, whose curvature is quantified by
the ‘VRM area (Fig. 1). We propose that this VRM
areaisanindication of long-t VRM that has built up
since deposition.

The VRM area data of the two cores studied here
indicate three characteristics: (1) a long-t decaying
trend which is explained as the growth of VRM with
time, (2) alink with climate (3'0 data) where warm
periods often correspond to relatively high VRM
estimates, and (3) a stronger link with a lithologi-
cal change, presumably diagenetic in origin, that is
confirmed with viscous effects on laboratory time
scales.
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