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The multispecimen protocol (MSP) is a method to estimate the Earth’s magnetic

field’s past strength from volcanic rocks or archeological materials. By reducing the

amount of heating steps and aligning the specimens parallel to the applied field,

thermochemical alteration and multi-domain effects are minimized. We present a new

software tool, written for Microsoft Excel 2010 in Visual Basic for Applications (VBA), that

evaluates paleointensity data acquired using this protocol. In addition to the three ratios

(standard, fraction-corrected, and domain-state-corrected) calculated following Dekkers

and Böhnel (2006) and Fabian and Leonhardt (2010) and a number of other parameters

proposed by Fabian and Leonhardt (2010), it also provides several reliability criteria.

These include an alteration criterion, whether or not the linear regression intersects the

y axis within the theoretically prescribed range, and two directional checks. Overprints

andmisalignment are detected by isolating the remaining natural remanent magnetization

(NRM) and the partial thermoremanent magnetization (pTRM) gained and comparing their

declinations and inclinations. The NRM remaining and pTRM gained are then used to

calculate alignment-corrected multispecimen plots. Data are analyzed using bootstrap

statistics. The program was tested on lava samples that were given a full TRM and

that acquired their pTRMs at angles of 0, 15, 30, and 90◦ with respect to their NRMs.

MSP-Tool adequately detected and largely corrected these artificial alignment errors.

Keywords: paleomagnetism, paleointensity, multispecimen protocol, paleointensity reliability criteria, software

INTRODUCTION

The magnetic field of the Earth is generated in its liquid outer core by magnetohydrodynamic
processes. In order to better understand these processes, we need more information on how the
field behaved in the past, both in terms of its direction and its intensity. However, while it is fairly
straightforward to determine paleodirections from lavas or in-situ archeological artifacts, it is much
more difficult to obtain reliable paleointensities from them (e.g., Tauxe and Yamazaki, 2007).

For low, Earth-like fields, a thermoremanent magnetization (TRM), as found in lavas or
pottery, is proportional to its inducing field (e.g., Muxworthy and McClelland, 2000). So,
by comparing the ancient natural remanent magnetization (NRM) to a TRM imparted in a
known laboratory field, the absolute ancient field intensity can be recovered. However, many
lavas alter thermochemically during the acquisition of a full TRM. Several methods to mitigate
or at least detect this alteration have been proposed. In the classic Thellier-Thellier method
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(Thellier and Thellier, 1959; latermodifications by e.g., Coe, 1967;
Aitken et al., 1988; Riisager and Riisager, 2001; Yu et al., 2004)
pTRMs are imparted by heating samples stepwise to increasingly
elevated temperatures. Lower-temperature steps can be repeated
to test for the onset of alteration (pTRM checks; Coe, 1967).
The microwave method (e.g., Hill and Shaw, 1999; Suttie et al.,
2010) uses the same protocols, but the amount of heating the
samples experience is reduced by directly exciting the magnetic
spin system using microwaves instead of heating the sample in
an oven.

An alternative approach is the multispecimen protocol
(Dekkers and Böhnel, 2006; Fabian and Leonhardt, 2010).
In contrast to Thellier-style experiments, the multispecimen
protocol uses one temperature and multiple fields. In the original
multispecimen protocol (MSP-DB; Dekkers and Böhnel, 2006),
sister samples are heated only once in-field. Biasing effects
induced by pTRM tails are minimized by aligning the specimens’
NRMs parallel to the field in the oven. The temperature of the
MSP experiment is selected based on the specimen’s alteration
temperature, the temperature at which a sample starts to show
irreversible behavior in its susceptibility-vs.-temperature plot.
Evidently, the MSP experiment should be performed below that
temperature. Additionally, the ARM test (de Groot et al., 2012)
can be used to assess (chemical or magnetic) alteration at the
intended MSP temperature.

Fabian and Leonhardt (2010) showed that the original claim of
domain-state independence is not entirely correct and suggested
three additional steps to estimate the amount of NRM lost, to
detect (and correct for) multidomain behavior and to detect
chemical alteration. These three steps can also be used to
calculate several parameters that give valuable information about
the samples’ domain state and to calculate single-specimen
paleointensity estimates and intrinsic error estimates. This
protocol is referred to as MSP-DSC, where DSC stands for
“domain-state-corrected.” The two multispecimen protocols
have been used by e.g., Michalk et al. (2008, 2010), Böhnel et al.
(2009), Muxworthy and Taylor (2011), de Groot et al. (2013a,b),
Monster et al. (2015), and Tema et al. (2015).

A popular software tool for the analysis of Thellier-style
paleointensity experiments is ThellierTool 4.0 (Leonhardt et al.,
2004). More recently, Shaar and Tauxe (2013) introduced
Thellier GUI. The software tool described here is designed for
the analysis of multispecimen paleointensity experiments. The
program was written in Visual Basic for Microsoft Excel (Office
2010, Windows). It calculates and plots multispecimen data and
provides checks on the reliability of the results. In addition, it also
estimates the amount of NRM remaining and pTRM gained and
uses these to correct for possible misalignment.

THE MULTISPECIMEN PROTOCOL

In the original multispecimen protocol (Dekkers and Böhnel,
2006), the specimens are only heated once (m1, withm0 being the
NRM). In the DSC protocol (Fabian and Leonhardt, 2010) three
additional steps are added (m2 to m4). The five measurements
are then:

m0: NRM
m1: Magnetization after heating and cooling in parallel field
m2: Magnetization after heating and cooling in anti-parallel field
m3: Magnetization after heating in zero-field and cooling in

parallel field
m4: Same asm1 (progressive alteration check)

From these five measurements of the vector remanence, the
paleointensity is determined for a lava flow. The originalMSP-DB
method assumes that multidomain effects are negligible. In this
case, if the laboratory field is equal to the paleofield,m1 should be
equal tom0 (and lower or higher if the laboratory field is lower or
higher, respectively, than the paleofield).The QDB ratio (Dekkers
and Böhnel, 2006) is defined as follows:

QDB =
m1 − m0

m0
(1)

wherem0 andm1 are the scalar intensities of the two remanences.
The fraction-corrected (MSP-FC) and domain-state corrected
(MSP-DSC) ratios (both defined in (Fabian and Leonhardt,
2010)) are:

QFC = 2 ·
m1 −m0

2m0 −m1 −m2
(2)

QDSC = 2 ·
(1+ α)m1 −m0 − αm3

2m0 −m1 −m2
(3)

The denominator in both equations is equal to twice the
amount of NRM lost. The ratios are therefore normalized to
the demagnetized part of the NRM rather than to the complete
NRM as is the case for the DB ratio. As the fraction NRM lost is
often not the same even for samples within one cooling unit, this
fraction correction should reduce the amount of scatter (Fabian
and Leonhardt, 2010). At Hlab = 0µT, m1-m0 is equal to minus
the amount of NRM lost and therefore the y intercept should be
at (0, −1). Alteration, domain-state effects or alignment errors,
however, may lead to a different intercept. The intercept can thus
serve as a reliability check.

The parameter α in the numerator of QDSC is used to correct
the FC ratio for domains state effects. Fabian and Leonhardt
(2010) empirically tested different values for α using synthetic
samples with different unblocking temperatures and domain
states. α was shown to range typically between 0.2 and 0.8, where
α ≈ 0.5 yielded best results, although Fabian and Leonhardt
(2010) do note that the value of α is likely site-specific. α = 0.5
was used in e.g., de Groot et al. (2013a, 2015) and Monster et al.
(2015). Tema et al. (2015) observed very little difference when
changing the value of α for their kiln samples and chose α = 0.5.
Muxworthy and Taylor (2011), however, found that for their
samples α = 0 yielded the best results. In this case the DSC ratio
reduces to the FC ratio.

Apart from these three ratios, a number of parameters
estimating the domain state, progressive alteration, and the
total (domain-state-induced and alteration-induced) error can be
calculated. Further explanation of these parameters is provided in
Fabian and Leonhardt (2010), in the electronic supplement, and
in the “list of parameters” sheet in MSP-Tool.
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THE VBA TOOL

The MSP-tool workbook consists of several sheets: “manual”;
“input”; “parameters”; “parameters, corrected”; and “list of
parameters.” Additionally, several plots (MSP-DB, MSP-FC, and

MSP-DSC) are provided that can be exported as PNG or CSV
files. File actions and calculations are easily carried out by
clicking the corresponding button. The user interface is shown in
Figure 1. MSP-Tool, as well as several input files, can be found in
the Supplementary Material or downloaded fromMSP-Tool.org.

FIGURE 1 | User interface, from top to bottom: the “input” sheet, the “parameters” sheet and one of the “plot” sheets (MSP-DB).
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The “Input” Sheet: Data Format and
Directional Checks
The “input” sheet is the start sheet. It provides buttons to import,
save, and clear data and to carry out the actual MSP calculations.
Furthermore, the values of several parameters, such as the α

parameter (Fabian and Leonhardt, 2010) and the maximum
acceptable angular deviation (AAD) between the pTRMs and the
NRMs, can be set here. α’s default value is 0.5 and the AAD is set
to 10 degrees. If applicable, the expected paleointensity value may
be entered to enable calculating the intensity error fraction (IEF;
Biggin et al., 2007).

MSP-Tool supports two different input formats. Data can be
imported using either the three Cartesian components of the
remanence or using the intensity, declination and inclination of
the remanence (which are automatically converted to Cartesian
components). The order of magnitude for every line of data must
be the same; if not, for example for data measured on a JR-
6 spinner magnetometer, an additional (sixth) column with the
exponent can be added. Since theMSP calculations are inherently
relative, the units for mx, my, mz and the intensity can be chosen
freely, as long as they are the same for all five measurement steps.

Clicking the “Calculate and plot” button calculates all
parameters in the “input” and “parameters” sheets and plots the
three ratios in the “plot” sheets. The VBA tool can process all
threeMSP protocols and will calculate and plot the relevant ratios
and parameters accordingly.

The isolated pTRMs (columns G to I) are calculated by first
estimating the vector NRM remaining. The latter is obtained by
adding the vectorsm1 andm2 and dividing the result by 2, c.f. the
fraction-corrected MSP-FC ratio (Fabian and Leonhardt, 2010):

NRM remaining =
m1 +m2

2
(4)

The vector pTRMs are then:

pTRMi = mi − NRM remaining (5)

The scalar magnetic moments m0 to m4 (column J) are simply
the magnitudes of the vector remanences m0 to m4, whereas
the alignment-corrected intensities (column K) are obtained by
adding up the isolated NRM remaining and the pTRMs. Of
course, if the pTRM is parallel to the NRM,mi,corr =mi.

mi =

√

m2
i,x +m2

i,y +m2
i,z (6)

mi,corr =
∣

∣NRM remaining
∣

∣ +
∣

∣pTRM
∣

∣

i
(7)

Columns L andM show the declination (between 0 and 360◦) and
inclination (between −90 and +90◦) of the m0 to m4 steps. All
declinations and inclinations are given in specimen coordinates.
The declinations and inclinations of the isolated NRM remaining
and the isolated pTRMs are used to calculate the parameters
1dec and 1inc (columns N and O), which are a measure of how
well the specimens were aligned to the laboratory field. If 1dec
and 1inc exceed the AAD, they are shown in red. We chose

to use 1dec and 1inc rather than a single angular difference
because using these two parameters it is easier to spot systematic
alignment errors. Please note that in case of large overprints1dec
and 1inc may be high even if the pTRM was aligned perfectly
with the NRM (m0).

△dec =
∣

∣decpTRM − decNRM remaining

∣

∣ (8)

△inc =
∣

∣incpTRM − incNRM remaining

∣

∣ (9)

These calculations all implicitly assume that even if the specimens
were not aligned properly, at least they were aligned consistently,
i.e., that the pTRMs of heating steps 1 and 2 are exactly anti-
parallel to each other, even if they are not exactly parallel (m1)
or anti-parallel (m2) to the NRM. This is a valid assumption
if the positions of the sample holders with respect to the
furnace were not changed during the experiment. To minimize
orientation issues, it is advisable to process each individual
specimen on the same holder throughout the experiment,
eliminating the need to orient holders for each step in the
MSP-DSC experiment. As the alignment correction does not
take into account multidomain effects such as pTRM tails, a
proper alignment of the samples during the experiment is still
paramount—it is merely a tool to suppress unavoidable small
experimental misalignments.

The “m2 factor” (column P) is the normalized dot product
of m0 and m2. This parameter equals +1 when m0 and m2 are
parallel and -1 when they are antiparallel. m2 is multiplied by
this factor to correct for “negative”m2 intensities. Not correcting
for this often results in plots with a large amount of scatter
(see Figure S3). The “m2 factor” is similar to using vector
subtraction (see e.g., Muxworthy and Taylor, 2011) instead of
scalar subtraction.

Finally, the angle between the NRM lost and the NRM
remaining is calculated (Equation 10). If this angle exceeds the
AAD, a warning is shown in column R. A large difference may
indicate the presence of an overprint, which would invalidate
the result. Alternatively, if the sample’s alignment was changed
between the first two steps, the NRM remaining cannot be
accurately calculated and the angular difference between the
NRM remaining and the NRM gained may be anomalously high.

θ = cos−1 NRMlost ·NRMremaining

‖NRMlost‖‖NRMremaining‖
(10)

The “Parameters” Sheet
The “parameters” and “parameters, corrected” sheets show a
number of parameters that were proposed by Fabian and
Leonhardt (2010). These include a measure of the domain state
µDS, the progressive alteration εalt , single-specimen estimates of
the paleointensity Hmax and Hest and estimates of the alteration
error and domain-state error. In the “parameters” sheet these are
calculated from the uncorrected remanences m0 to m4, whereas
the “parameters, corrected” sheet uses the alignment-corrected
remanences.
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The progressive alteration is defined in a slightly different way
than in Fabian and Leonhardt (2010). Instead of the absolute
value ofm1-m4 normalized bym1, we use:

εalt =
m4 − m1

m1
(11)

This helps to distinguish between measurement noise (which
averages to zero) and a systematic (alteration-induced) error.
Fabian and Leonhardt’s (2010) alteration error is shown in
column D as |εalt|. For definitions of the parameters Hest , Hmax

and three error estimates 1QDSC,alt , 1QDSC,ds and 1 Qi see
Fabian and Leonhardt (2010).

The “Plot” Sheets: Data Presentation,
Statistics, and Reliability Checks
The plot sheets (DB, FC, DSC, and their alignment-corrected
versions) show a plot and a table of the data points as well as the
calculated paleointensity and its error bounds and two reliability
checks: the average alteration parameter εalt and the difference
between the theoretical and experimental intersection with the
y axis 1b. The latter is only applicable to the fraction-corrected
plots (i.e., MSP-FC and MSP-DSC). If the linear regression
does not pass through (0, −1), this may indicate a problem
in the experiment; the linear regression is therefore not forced
through this point. Outliers can be removed by selecting the
relevant cell in the “used” or “discarded” column and clicking
“Discard/restore data point” or using the keyboard shortcut
CTRL+d. The plot sheets also show the values of r2 and χ2 of
the linear regression, where χ2 is defined as the mean quadratic
deviation between the measured value of the DB, FC or DSC
ratio (Qi,measured) and the value of the linear regression at that
laboratory field (Qi,expected):

χ2 =

∑
(

Qi,measured − Qi,expected

)2

N

Clicking “Bootstrap confidence interval” calculates and plots the
bootstrap average and the confidence interval. The confidence
level may be changed in the “input” sheet; its default value
is 95%. The bootstrap function resamples the data set with
replacement within their error bounds and calculates a linear fit
for each bootstrap cycle. Bootstrap cycles that have a standard
deviation of less than 10 µT in their average x coordinate
are discarded to prevent fits through data points at one
laboratory field (i.e., vertical fits). The confidence interval is
constructed by calculating the values of each linear fit at 11
values of the x axis (i.e., field values) between 0 mT and a
maximum field value which is the maximum used laboratory
field + the minimum used field. For each of the 11 values
of x, the values of the linear fits (i.e., the y values) are
sorted and the uppermost and lowermost portions of these
values (2.5% in case of a 95% confidence level) are cut off.
Eleven may seem a rather arbitrary choice, but it empirically
proved to yield smooth uncertainty envelopes, whereas a
lower number often resulted in significantly more irregularly
shaped envelopes. The upper and lower uncertainty boundary

of the paleointensity are estimated by linear interpolation
between two data points closest to zero on the uncertainty
envelope.

The y axes of the plots are scaled automatically by Microsoft
Excel, which may result in unrepresentative plots in case of
outliers. After discarding the outliers, the y axis can be resized
using the “Resize y axis” button. “Export chart” will export the
graph as a PNG file. The data points and error envelope may
also be exported as CSV files for further processing with an
application of choice.

APPLICATION

To test MSP-Tool’s ability to accurately determine and correct for
alignment problems on real rocks, a complete MSP experiment
including preliminary ARM test (de Groot et al., 2012; single-
core protocol) was applied to two lava flows from Mt Etna (site
PI and site TD) that had been given a full TRM in the laboratory
by cooling from 600◦C in a field of 40µT. Half of the specimens
were deliberately misaligned. Both input files are included in the
Supplementary Material.

Preliminary Experiments
Before carrying out the actual MSP experiment, next to the
ARM test at the MSP temperature (using 17 field steps of up
to 150mT), some other experiments were conducted to assess
the specimens’ alteration temperature and domain state. These
experiments are described in more detail in the Supplementary
Material. The susceptibility-vs.-temperature diagrams for site
TD did not show any significant alteration after acquisition of
the laboratory full-TRM, whereas site PI showed irreversible
behavior at temperatures> 300◦C (Figure S1a). Both sites plotted
within the pseudo-single domain range on a Day plot (Day et al.,
1977), with the full-TRM samples plotting closer to the single-
domain field than the original samples, the samples in their
NRM state as collected in the field (Figure S1b). Based on the
susceptibility- vs.-temperature diagrams, no significant alteration
at the selected MSP temperature of 300◦C was expected, and
the ARM test (de Groot et al., 2012) indeed did not reveal any
(Figure S1c). For site PI, however, multiple heatings did induce
alteration, as evidenced by its high alteration error εalt during the
MSP experiment.

The MSP Experiment
After the positive ARM test, the MSP-DSC protocol (Fabian and
Leonhardt, 2010) was carried out using five laboratory fields (12,
24, 36, 48, and 60 µT) and two specimens per field level per
site. Of the 20 specimens in total, half were aligned correctly,
whereas the other 10 were misaligned to the field in the oven
under various angles (1dec= 0, 15, 30, or 90◦ and 1inc= 0, 15,
30, or 90◦). Samples were aligned using a custom-made sample
holder (similar to Böhnel et al. (2009), also see Figure S2). The
specimens’ NRM (m0) and the four remanences after in-field
heating and/or cooling (m1 tom4) were measured on an AGICO
JR-6 spinner magnetometer.
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FIGURE 2 | MSP-DB, MSP-FC, and MSP-DSC plots (standard and alignment-corrected) for sites PI and TD which were given a full TRM at 40µT in the

laboratory.

Results and Observations
In 90% of cases, 1dec and 1inc as calculated by MSP-Tool were
within 15◦ of the intended misalignment angles (see Table S1).
For site PI this percentage was higher: 100% of the intended
1dec and 1inc values were reproduced to within 15◦ of the
intended value of the alignment error, of which 95% within
10◦ and 70% within 5◦. For site TD 1dec and 1inc were less
precise: 80% was within 15◦ of the intended alignment error,
65% within 10◦ and 30% within 5◦. It would seem that the 1dec
and 1inc parameters are more accurate for larger fractions of
NRM lost (c. 30% for PI and 5–10% for TD). Intuitively, this
makes sense. If the pTRM is only a small fraction of the total
remanence, slight measurement errors may have a larger effect,
especially when one of the axes is close to zero (steep tangent)
and/or the remanences are measured with few significant digits.
It is also interesting to note that the third heating step (zero-
field heating, in-field cooling) often yields a distinctly larger
1dec or 1inc than the other steps, which may be related to
tail effects.

Looking at the plots (Figure 2), it is apparent that the
“alignment-corrected” plots show significantly less scatter than
the uncorrected plots, although the correction does not
always completely “restore” these data points, highlighting
the importance of careful alignment in the MSP experiment.
Unsurprisingly, the worst outliers in the standard plots are the
specimens with the highest alignment errors: PI10B (1dec= 90◦,
1inc = 0◦) at 24 µT, PI13C (1dec = 90◦, 1inc = 30◦) at 60 µT,
TD4C (1dec = 0◦, 1inc = 90◦) at 36µT, and TD6C (1dec =

90◦, 1inc= 90◦) at 60 µT.

All plots except the DSC plots for site PI and the uncorrected
DSC plot for TD reproduced the “paleofield” within error.
Lowering the α factor from 0.5 to 0.2 or even 0.0 (in which case
MSP-DSC reduces to MSP-FC) improved the “paleointensity”
estimate for the DSC protocol (Figure 3). The erroneous result
obtained for site PI highlights the importance of the alteration
check, as site PI shows nearly 8% progressive alteration, whereas
site TD only altered by c. 2%. Since the ARM test (using samples
that had been heated only once) was positive, this alteration
must have occurred after the first heating step. And indeed the
MSP-DB protocol (one heating step) does produce the correct
“paleointensity” for site PI.

DISCUSSION

Reliability Criteria
MSP-Tool offers four reliability criteria: two directional criteria
(the overprint check, and 1dec and 1inc), the amount of
progressive alteration εalt , and the intersection with the y axis
(not applicable to MSP-DB). A large overprint may be reason
to discard individual samples, although an overprint warning
may also occur when the alignment of the specimen was altered
between stepsm1 andm2, leading to an inaccurate estimate of the
NRM remaining and NRM lost. In case of consistent alignment
(i.e. m1 and m2 aligned exactly antiparallel) and high 1dec
and 1inc, the corrected plots may be preferred. Finally, both
the average progressive alteration εalt and the 1b intersection
criterion are shown on the plot sheets. εalt > 3% is considered
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FIGURE 3 | Simulated paleointensity, r2, and χ
2 as a function of the α parameter. The optimal values are indicated by larger symbols. r2 and χ2 do not

change significantly with varying α. The number of samples used in the calculation of the paleointensity N is shown in the legend of the upper figures. For site TD, N

increased from 6 to 8 when correcting the data for misalignment; for site PI N increased from 8 to 9.

too high (de Groot et al., 2013a). Theoretically, the linear fits
through QFC and QDSC should pass through (0, −1) as these
ratios are normalized to the amount NRM lost rather than
the full NRM. Failure to pass through this point (within 10%
and/or within error) may indicate that something other than
domain-state-related processes is at work and may be a reason to
distrust the obtained paleointensity. It is strongly recommended
to conduct the ARM test (de Groot et al., 2012) prior to the
MSP experiment to test for subtle alteration at the intended MSP
temperature.

Alignment Correction
In the alignment correction procedure, the scalar intensities m1

to m4 are calculated by adding up the isolated NRM remaining
and pTRM gained. The full-TRM experiment showed that this
correction functions rather well, although it should be noted that
multidomain effects such as tails may influence the calculation
of the NRM remaining and therefore the calculated pTRMs. It
is also important to note that the alignment correction is only
accurate if the samples were aligned exactly antiparallel during
the first and second heating steps. In order for the correction to
work, therefore, it is important not to change the orientation of
the specimens in the oven between MSP steps. As the alignment
correction does not 100% restore specimens that were misaligned
by a large angle, it is still paramount to align the specimens with
care.

Domain-State Correction: The α Factor
Fabian and Leonhardt (2010) recommend a value of 0.5 ± 0.3 as
default guess for the α parameter and argue that if a sufficient
number of data points is available, α can be optimized such that

the mean quadratic deviation between the data points and the
linear fit is minimized. By changing the value of the α parameter
in the input sheet and re-running the calculation, an optimal
value can be determined in MSP-Tool. Like Muxworthy and
Taylor (2011) for their Icelandic data set, we found that lower
values of the α parameter produced results closer to the expected
value (Figure 3). r2 value was generally at a maximum and χ2 at a
minimum for low values of α (α < 0.2), although the differences
are small. The “paleointensities” obtained from the uncorrected
MSP-DSC plots as a function of α varied between 38.9 (α = 0)
and 27.9µT (α = 1) for site PI and between 41.8 (α = 0) and 31.8
µT (α = 1) for site TD. That PI’s result is closer to the expected
“paleointensity” for lower values of α may be caused by PI’s large
progressive alteration. By lowering the α parameter, the influence
of the more alteredm3 step is also reduced.

CONCLUSION AND RECOMMENDATIONS
FOR MULTISPECIMEN EXPERIMENTS

MSP-Tool is an easy-to-use VBA-based tool for analyzing
multispecimen experiments. It calculates all ratios and
parameters from Dekkers and Böhnel (2006) and Fabian
and Leonhardt (2010). Additionally, it estimates the amount
of NRM remaining and pTRM gained and uses these to
estimate and correct for alignment errors. Moreover, it provides
important criteria to assess the reliability of the MSP experiment.
For an optimal experiment, the following aspects should be taken
into account:

• The ARM test (de Groot et al., 2012) is a valuable tool to assess
the risk of alteration during the MSP experiment beforehand.
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If a site does not pass the ARM test at any temperature but
is shown to yield an overestimate at T1 and an underestimate
at T2, the MSP experiment may be carried out at these two
temperatures, providing upper and lower bounds of the actual
paleofield.

• Misalignment leads to incorrect estimates of the paleofield
as the measured vector remanences are shorter (parallel field
steps) or longer (antiparallel field step) than the vector NRM
remaining plus the vector pTRM lost. This leads to an
underestimate of m1 and therefore of QDB, QFC, and QDSC,
and thus an overestimate of the paleofield. MSP-Tool corrects
for this by adding up the two separate components (the NRM
remaining and the pTRM gained).

• Site PI highlights that a large progressive alteration may
lead to underestimates in the DSC protocol. As a successful
ARM test implies that no significant alteration occurred after
one heating step, the alteration must therefore arise from
the multiple heating steps in the MSP experiment. It is
recommended to rely on the DB plot in such cases, although
it should be recognized that the slope correction and domain
state correction cannot be applied.

• As the slope of the DB plot depends on the entire NRM
rather than the amount of NRM lost, inhomogeneity between
specimens may lead to significant scatter. Selecting specimens

based on similar amounts of NRM lost may substantially
improve the DB plots.
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