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[i] We present an alternative approach to absolute paleointensity determination, one
which involves exactly five heatings, making possible rapid determinations without
compromise to matters that insure reliability. While the Thellier-Thellier method involves
a large number of temperature steps to validate a result for a particular specimen, the
new approach makes use of the spatial variation in rock magnetic properties. The
procedure involves the simultaneous thermal treatment of several subspecimens sampled
from different regions throughout the igneous rock unit under investigation. For
inclusion of data in a given determination, self-consistency criteria must be satisfied at
the level of individual subsamples as well as at the stage of whole sample core
consideration. The use of data taken en masse on a single Arai plot associated with
samples from throughout a rock unit eliminates the need for further confirmation of an
apparently successful result. The new method takes a balanced approach toward
addressing the question of self-consistency, from intraspecimen to intersample, that
we argue is preferable to the common practice of focusing attention primarily on
the individual specimen with inadequate consideration paid to consistency throughout
a rock unit.
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1. Introduction

[2] The task of determining absolute paleointensity of the
geomagnetic field (Hp) in igneous rocks and archeological
artifacts is typically laborious, since in some manner it must
involve a comparison of the natural remanent magnetization
(NRM) and a thermoremanent magnetization (TRM) in-
duced during laboratory cooling in a known field (HL).
Thermal treatment, however, can cause significant physico-
chemical alteration of the magnetic carriers the degree of
which is dependent on peak temperature, ambient atmo-
sphere, duration of heating, and sample mineralogy. Be-
cause this degradation can produce significant error in the
NRM-TRM comparison even at temperatures far below the
Curie point, the stepwise Thellier-Thellier (T-T) procedure
[Thellier and Thellier, 1959] was developed. Partial-TRM
(pTRM) checks [Coe, 1967], when incorporated into the
procedure, make possible a sensitive monitoring of ther-
mally induced changes to the sample mineralogy, yet further
exacerbate the problem of laboratory time consumption.

[3] The dedication required to conduct proper T-T deter-
minations has limited the number of investigations and
hence the overall number of absolute paleointensities pres-
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ently available. This sparseness of data stimulated the
development of alternative, more rapid methodologies such
as the approach developed by Shaw [1974]. The Shaw
method involves but a single heating although the temper-
ature of this must exceed the highest blocking temperature
associated with the sample. Thus thermal exposure to nearly
600°C and 700°C for rocks containing magnetite and
hematite, respectively, is unavoidable. Hoffman et al.
[1989] developed a multispecimen procedure in which
subspecimens cut from a sample are each assigned a single
peak temperature of heating. Following two T-T-type treat-
ments to a respective peak temperature the subspecimen
under study, providing a single datum to a composite
normalized plot of NRM versus TRM, is discarded. This
approach helps to minimize physicochemical alteration
produced by serial stepwise heat treatments associated with
the standard Thellier-Thellier approach. Several subsamples
and therefore temperatures can be involved. With regard to
the problem of laboratory time consumption, however, the
smaller sample size involved in this approach makes pos-
sible only a modest reduction.

[4] Here we present an absolute paleointensity method
able to significantly reduce laboratory time, temperature of
sample exposure, and number of thermal steps. The ap-
proach is unique in that, rather than employing a long series
of thermal steps, it exploits at lower temperatures the spatial
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6. Advantages of the Method

[31] In its employment of multiple subspecimens from
each of several samples, all heated together a relatively few
times, the proposed approach is rapid and ideally suited for
use with equipment found in most paleomagnetic labora-
tories. Most ovens currently used for paleointensity deter-
minations tend to have a large sample capacity, yet be
relatively slow to perform a heating/cooling cycle (partic-
ularly if an evacuated environment is used). Hence a
reliable method involving a high ratio of samples to
heatings, in order to minimize laboratory time, is prefera-
ble. Furthermore, the use of the latest generation of
cryogenic magnetometers can further reduce time spent in
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the laboratory by allowing large numbers of samples to be
processed automatically.

[32] In addition to the primary advantage of this ap-
proach, being the rate at which complete determinations
may be performed, there are also a number of more subtle
benefits which we now discuss. Biggin et al. [2003] recently
performed a statistical analysis on three profiles of paleo-
intensity results through single lava flows, and concluded
that the standard practice of producing one to three deter-
minations per lava is unlikely to ensure that the mean value
is representative of the flow as a whole. Furthermore,
Biggin et al. quantifiably demonstrate the importance of
maximizing the spatial extent over which the estimates were
produced. The concept of the method proposed here is
highly consistent with the guidelines provided by Biggin
et al., since it requires both that a reasonable number of
samples (at least four, but preferably more) are used to
produce the flow mean paleointensity and, moreover, that
these results are themselves derived from parts of the flow
that experienced differing conditions during initial cooling.

[33] A high degree of internal consistency is widely
recognized as being a vital characteristic of any reliable
paleointensity determination. The fundamental reason why
the Thellier-Thellier method is regarded so highly is that it
allows for the possibility that numerous measurements of
the ratio of NRM to laboratory TRM can be made through a
significant portion of the blocking temperature spectrum
prior to the onset of laboratory-induced alteration. Each
measurement of this ratio is a semi-independent determina-
tion of paleointensity, a general requirement for an accept-
able result being that a number of sequential data points
(typically, at least four) demonstrate consistency by way of
a linear segment along the NRM-TRM plot.

[34] Nonetheless, it has become increasingly evident from
both paleointensity studies performed on historic lava flows
[e.g., Calvo et al., 2002; Yamamoto et al., 2003] as well as •
laboratory-simulated experiments [Biggin and Thomas,
2003] that this requirement alone may not be adequate.
Indeed, a supposedly reliable result may contain inaccura-
cies due to multidomain effects [e.g., Levi, 1977; Chauvin et
al., 2005], nonthermal origin of remanence [Yamamoto et
al., 2003], significant difference in the rate of cooling in the
laboratory from that during the acquisition of remanence
during formation of the rock unit [Fox and Aitken, 1980], or
alteration occurring in the laboratory during thermal treat-
ments. The use of pTRM checks in these experiments can
often identify the effects of alteration and it may also be
possible to identify multidomain effects, through pTRM tail
[Riisager and Riisager, 2001] and/or additivity checks
[Krdsa et al., 2003]. Nevertheless, these checks necessitate
yet more heatings resulting in laboratory time being in-
creased even further. Moreover, they do not provide any
safeguards against the other potential causes of inaccuracy."

[35] Beyond monitoring consistency of the unblocking
temperature spectrum for a single specimen, one may
compare results from different specimens within the same
rock unit [Biggin et al., 2003; Chauvin et al., 2005].
Samples taken from different parts of a lava flow, often
exhibiting significantly different unblocking- temperature
spectra, can reasonably be assumed to have cooled at
differing rates and under differing oxidizing conditions,
resulting in remanence carriers having distinct ranges of
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chemical composition and grain size. Regarding the poten-
tial problems listed above, it would be virtually impossible
for any of them to affect equally samples with diverse rock
magnetic properties. Consequently, consistent paleointen-
sity results produced by diverse samples from within a
given flow provide a very strong indication that nonideal
conditions that may significantly affect a determination are
absent. On this basis, we argue that self-consistency should
be addressed at the intersample and interspecimen levels at
least to the same extent as at the (intra)specimen level.
However, this is certainly not the case for most studies using
the conventional Thellier-Thellier approach, where the ten-
dency is to focus on a small number of individual specimens
and pay, at best, only cursory attention to interspecimen
consistency. Indeed, the extremely time-intensive nature of
Thellier experiments, together with its typically high failure
rate, often results in no more than two specimens per rock
unit being used for any sort of verification.
. [36] Hence a primary advantage of the proposed method
over the conventional Thellier approach is that it shifts the
emphasis of self-consistency evaluation away from the
intraspecimen level and instead takes a balanced approach
involving the interspecimen level as well. This may best
be appreciated by considering the composite NRM-TRM
plots (Figures 6 and 7) where (semi) independent paleo-
intensity estimates, derived from multiple specimens from
each of a number of differing sample cores, are used
simultaneously to ascertain the final estimate, its precision
and accuracy.

[37] Given the high failure rate of conventional Thellier-
Thellier experiments, it may appear that a large number of
experiments carried out using the new technique will fail
altogether. However, this need not be the case: samples
which would fail a conventional experiment likely would
not pass both of the first reliability filters (namely, univec-
toral directional behavior during thermal demagnetization
starting from J| (Figure 4) and interspecimen self-consis-
tency (Figure 5)), and hence would not be incorporated in
what may well turn out to be a successful flow determina-
tion. Additionally, because of the large reduction in the
number of heatings required for the new method, it may be
possible to measure many more samples allowing for the
possibility that the final estimate may still be based on a
significant number of samples despite several failures.
Generally speaking, this would not be possible from a
conventional. Thellier-Thellier determination using results
from a very few samples.

7. Flexibility of the Method

[38] Since the debut of the Thellier-Thellier technique
several modifications and additions have been proposed to
enhance its usefulness [e.g., Coe, 1967; Aitken et al, 1988;
Riisager and Riisager, 2001]. Although particular experi-
mental procedures are prescribed here for the new multi-
sample approach, they, too, should not be considered
unalterable. For example, although the pTRM check of
Coe [1967] has not been employed in its strictest sense,
measurements associated with treatments to temperature T{

before and after treatments to temperature T2 inherently
provide a pseudo-pTRM check to the new procedure. Any
alteration that may be identified by a conventional pTRM

check would likely be equally evident by this procedure
through the observation of nonlinearity between point (0,1)
and the T\ and T% points on the Arai plot. Nevertheless, if so
desired, a conventional pTRM check could be incorporated
into the new method through only one additional heating
and slight modifications to the existing procedure.

[39] Individual researchers and laboratories tend to be
idiosyncratic in regards to the precise experimental and
.analytical approach they take to absolute paleointensity.
Thus it is likely that the proposed method may well be
subject to modifications by those choosing to use it. If so,
the importance of retaining an approximate balance between
intrasample and intersample self-consistency in determining
both the paleointensity estimate and its reliability need be
kept in mind. Central to the method is that a sufficient
number of data be made available, both from between
spatially distinct samples as well as from within individual
samples. Useable data from four sample cores, as is the case
for the 1971 Hawaii flow determination presented here, may
be considered the bare minimum for a meaningful multi-
sample determination. Future studies may find, however,
that the analysis of a larger number of samples (i.e., >5) will
be required to help ensure that an accurate determination is
ultimately produced.

[40] In our analysis of the Hawaii 1971 flow, the moment-
corrected composite Arai plot was used to produce our final
determination, and this estimate turned out to be more
accurate than that provided by the uncorrcctcd plot. We
recommend that such a correction always be made so as to
remove the effect of those samples that may effectively
control the slope on the associated standard plot. However,
some caution is required: for those samples with an
(un)blocking temperature spectrum concentrated at high
temperatures, the least stable (low blocking temperature)
portion is emphasized in the moment-normalized plot.
Hence a paleointensity estimate from each of the two plots
need always to be part of the approach. If the two slopes are
found to be significantly discrepant, careful examination of
the probable cause would then be required.

8. Central Features of the Method: A Summary

[41] There are three unique and essential aspects of the
multisample approach that call for further consideration:

8.1. Initial Remanence State
[42] Any and all secondary components of remanent

magnetization must be removed before the paleointensity
experiment begins, and the magnetic unblocking of the
grains recording these remanences should not have a role in
the determination. Only in this way may the rapid assim-
ilation of normalized data from multiple samples be con-
sidered en masse on a single NRM-TRM plot. The
temperature TO, from which thermal demagnetization is to
remove all secondary remanence components in a given
flow, need not necessarily be fixed at 200°C. However, T0

must be sufficiently high to ensure removal of any sec-
ondary component(s) (checked by orthogonal demagneti-
zation plots; see Figure 4), and yet low enough to
adequately insure that a reasonable fraction of the
unblocked remanence be accessible for the determination
prior to the onset of physicochemical alteration. Another
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potential means of achieving the same result may be by
subjecting the specimens to a single, low-peak alternating
field demagnetization step prior to each measurement. This
possible alteration to the procedure is presently under
consideration.

8.2. Evaluation of Subspecimens
[43] Each subspecimen must be evaluated in isolation

prior to their inclusion in the composite NRM-TRM plot.
Specimens may be rejected at this early stage because of
either nonunivectoral orthogonal plots, nonlinearity of the
(composite subspecimen) NRM-TRM plot, or supporting
rock magnetic data that may indicate their unsuitability.

8.3. Composite NRM-TRM Plot
[44] The method makes possible the plotting of all data

points used for a determination of absolute paleointensity of
a given flow on a single plot. Thus a visual qualitative
assessment of data quality becomes immediately available
as does the quantitative result and statistical analysis. Since
the measurement of the uncertainty is derived from every
point used in the calculation, it is far more likely to be an
accurate determination of the precision than is a standard
deviation calculated from two or three sample estimates, as
is the current practice.
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