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A comparison of the geomagnetic directions derived
from lava flows of Italian volcanoes with those derived
from direct historical measurements of the Earth’s mag-
netic field (Lanza et al., 2005) yielded two main results:

(1) The general agreement between the two data sets
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TRM deviation is required if we are to fully exploit the
precision of TRM data from Italian volcanoes when
theirα95 value is less than 2.5–3.0◦.

In their comment,Tanguy et al. (2005)clearly state
thatLanza et al. (2005)provide “a useful basis of dis-
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already noted by previous authors (Rolph et al.,
1987; Incoronato et al., 2002; Tanguy et al., 2003)
was better substantiated.

2) The thermal remanent magnetization (TRM) direc-
tion of most flows was shown to deviate from the
corresponding historical direction by a small angle
θ. In most cases, this angle was larger than the
experimental error on the TRM direction as given
by the α95 semi-angle of confidence of Fisher’s
statistics, i.e.θ >α95.

he conclusion drawn from these results was straight-
orward: a better understanding of the causes of the
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cussion about a controversy remained until now
latent state”. For further details on this controversy
unaware reader may refer toIncoronato et al. (2002,
Tanguy et al. (2003), Principe et al. (2004)as well as
references therein. Because we did not wish to e
into this controversy, we intentionally avoided it in o
paper as we do in the present reply. We shall, t
only limit our discussion to the two other main poi
raised byTanguy et al. (2005)and to their consider
tions regarding methodologies.

The first point concerns our use of theJackson et a
(2000)global database and modelling, thatTanguy e
al. (2005)consider “far from being accurate”. We dr
the Italian secular variation (SV) curve using dir
measurement values from two different databases
historical Italian catalogue (Cafarella et al., 1992) for
the period 2000 to 1808; theJackson et al. (200
global database for the period 1790 to 1600. For
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oldest period,Cafarella et al. (1992)report some sev-
enty declination (D) values and only one inclination (I)
value, that measured in Rome by Athanius Kircher in
1640. In the first version of our paper, we only used
the data fromCafarella et al. (1992)and drew the SV
curve interpolating the inclination between the 1808
and 1640 measured values. Following the suggestion of
a referee (D. Gubbins, personal communication) we did
resort to theJackson et al. (2000)global database and
model. This database consists of some 150,000 declina-
tion and 20,000 inclination observations between 1510
and 1930 and includes a large amount of data recorded
by mariners across the world’s oceans (Jonkers, 2003;
Jonkers et al., 2003). Summarizing what was written
in Lanza et al. (2005).

(1) The global database results do substantially coin-
cide both inD and I with the Italian historical
measurements of the 20th and 19th centuries.

(2) For the 18th and 17th centuries, the difference in
theD values between the two data sets is less than
1◦.

(3) The difference between theI values obtained from
the two data sets for 1640 is�I = 2.6◦ (66◦ mea-
sured in Rome, 68.6◦ from the global database).
This discrepancy is comparable to the inclination
shallowing of about 2◦ in the TRM directions
obtained from the Etna lava flows and well doc-
umented in Fig. 2 ofLanza et al. (2005). This
shallowing can result from various causes, includ-
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the advantage of our approach is that the curve is contin-
uous both inD andI, and any error inI is smoothed over
two centuries. It is also worth noting that all the data
used to draw the SV curve, reported asDr, Ir in Table
1 of Lanza et al. (2005), represent the same physical
quantity, that is the direction of the Earth’s field calcu-
lated for a given reference point. The only difference
is the way they are calculated. Those after 1800 were
derived from a geographical small (Italian) data set,
using the simple model of relocation via pole (Noel and
Batt, 1990) and time-window average. Those before
1800 were derived from a worldwide data set, using
the more sophisticated model of spherical harmonics
in space and B splines in time (Jackson et al., 2000).

The second point raised byTanguy et al. (2005)is
that we “mix indistinctly results obtained by means
of entirely different methods, with entirely different
degrees of confidence and trustworthiness”. We have a
feeling that these authors missed the sense of our paper.
It was not our intention to provide a review of TRM lit-
erature data, rather a compilation of data within which
authors and original references were always clearly
indicated. We then compared this compilation with
an independent reference curve derived from a differ-
ent type of measurements. In our paper, all published
TRM directions from Italian volcanic rocks younger
than 1631 are brought together and compared to an
independent SV curve for the first time. Of course, the
comparison criteria are debatable and must be the focus
of future improvement. However, it is unlikely that the
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ing a deflection of the Earth’s magnetic field d
to the whole volcanic edifice (Lanza et al., 2005),
and magnetic refraction (Tanguy et al., 2005).

These results show that for the last two centurie
ccuracy of the directions calculated from theJackson
t al. (2000)global database is higher than that of
RM directions derived from Etna and Vesuvius l
ows. For the 18th and 17th centuries, the possible
n inclination is of the same magnitude as the incl
ion shallowing. These results show that a careful c
ination of data collected by sailors around the oce
nd good mathematics (Jackson et al., 2000) gives, a

east for the italian region, comparable results to th
f the best instruments of geo- and archaeo-magne
e therefore drew the 18th and 17th centuries pa

he SV curve using the results from theJackson et a
2000)global database and revised our Table 1 (. . . and
e unfortunately forgot to update its heading). H
gures will change significantly. A review would ha
one a step further, yet a sound review has to confo

he usual criteria in palaeomagnetism, even more s
ent when dealing with archaeomagnetic data. A so
eview of archaeomagnetic data from Italian volcan
aces the problem that in various papers the infor
ion needed for an overall quality assessment is obs
r even missing. For the sake of brevity, we only re

o the case of stepwise demagnetization, which i
ssential part of any palaeo- and archaeo-mag
tudy. Yet, no reference to thermal demagnetiza
imited information on alternating field demagne
ation, no demagnetization diagrams are shown
xample, inTanguy et al. (2003). A reviewer may fee
ncomfortable when evaluating very precise direct
ssociated to poor rock-magnetic information.

Before discussing methodologies, we note tha
eliability of a TRM direction is given by two param
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eters: precision (α95), which quantifies all the errors
throughout the sampling and laboratory procedures;
and accuracy, which evaluates the hypothesis that the
TRM direction matches that of the ambient field at the
time of the rock’s emplacement. In the case of historical
lava flows, accuracy can be quantified by the deviation
angle we calledθ, i.e. the angle between the known
field direction and the measured TRM direction. It has
long been known (Doell and Cox, 1963; Holcomb et
al., 1986), and new evidence is continuously put for-
ward (Urrutia-Fucugauchi et al., 2004), thatθ is often
of the order of some degrees. Thanks to the abundance
of written accounts of the eruptions at Etna and Vesu-
vius, these two volcanoes provide a unique opportunity
to analyse volcanic activity documented over four cen-
turies. Comparison of the TRM from 68 flows younger
than 1631 with historical direct measurements (Lanza
et al., 2005) provides a reasonable estimate of the accu-
racy to be expected in archaeomagnetic investigation
of volcanic rocks and helps in the study of older lava
flows, where no direct comparison with the ambient
field is possible.

The main concern ofTanguy et al. (2005)is to “sep-
arate the wheat from the chaff”, where the sieve is
a “suitable methodology”, and they maintain that the
results from core-drilled samples are of lower quality
than those obtained by collecting and measuring large
hand samples. This last methodology is adequate for
archaeomagnetic dating, whereas core-drilling “does
not in general allow to reach the high degree of accu-
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tions are obtained for 30 flows: 23 of them (77%) sam-
pled by coring and 7 (23%) with large hand samples.
The contribution to the high-accuracy directions of the
core-drilling method floats, therefore, around 80%, that
of large hand samples around 20%. These ratios are
fully similar to those with respect to the total number
of sampled flows: 55 (i.e. 81%) were sampled by core-
drilling (Hoye, 1981; Rolph et al., 1987; Carracedo et
al., 1993; Angelino and Incoronato, 1996; Incoronato
et al., 2002) and 13 (19%) by collecting large hand
samples (Tanguy et al., 2003). The two methodologies
concur to high-accuracy TRM directions in the same
proportion as they were used in sampling and there is no
systematic difference between the standard of accuracy
of core-drilling and large hand samples collecting. The
fact that some results obtained from cores have a large
deviation, i.e. low accuracy, must be thoroughly scru-
tinized in each particular case and not be ascribed to a
peculiar fault of the method, as maintained byTanguy
et al., 2005. These authors do not provide compelling
evidence in favour of their contention, but only sug-
gest a variety of possible causes. The above figures,
however, show that these causes are not so ubiquitous
and do not produce such large errors as claimed by
Tanguy et al., 2005. On the other hand, in many cases
their effects, if any, can be detected and evaluated using
appropriate tools. This is the case of drilling induced
magnetization (DIRM), which, unless it persists up to
the higher steps of both thermal and alternating field
procedures, can be identified and isolated by perform-
i n by
G ing
t en-
t their
s al-
i the
a

on
a . It
c reta-
t ond
a f the
E ce-
m the
α the
s in the
c n a
f , the
acy needed”. Their main arguments are that theα95
alue of the site mean TRM direction from cores
sually higher than that from large samples, and s
upposed intrinsic limitations of core-drilling.

In the case of Italian volcanoes, our results s
hat, because they are smaller than the TRM devia
rom the ambient field,α95 values less than 2–3◦ must
e handled cautiously, and that a deviationθ of 2.5◦
ay be considered as a reasonable upper thresho

he accuracy. Out of the 68 TRM directions repo
n our paper, 23 have a deviationθ ≤ 2.5◦: 20 of them
i.e. 87%) were derived from core-drilled samples
(13%) from large hand samples. These figures d
hange significantly if, instead of our curve, one
ulates the deviation using as reference the SV c
nchored to the 1640 direct measurement in Ro
hich it seemsTanguy et al. (2005)would conside
ore reliable. In this case, high-accuracy TRM dir
ng accurate stepwise demagnetization, as show
enevey et al. (2002). Most archaeomagnetists us

he core-drilling method are in the position to id
ify unwanted remanence components whatever
ource (drilling, viscosity, weathering, hydrotherm
sm,. . .), as they routinely perform the two types of
bove-mentioned stepwise demagnetization.

We conclude with a general consideration
rchaeomagnetic investigation of volcanic rocks
onsists of two steps: measurements and interp
ion. The first step yields a TRM direction, the sec
ssumes that this direction corresponds to that o
arth’s magnetic field at the time of the rock’s empla
ent. The precision of the first step is quantified by

95 value associated with the direction, whereas
econd remains vague and can only be checked
ase of lava flows of known age and younger tha
ew centuries. In the early days of rock-magnetism
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main concern was to develop instruments, techniques
and procedures suitable to improve the precision of the
results. Nowadays, the challenge is to better understand
the magnetization processes and to better constrain the
assumption that the magnetization direction coincides
with that of the external field, which in many cases of
volcanic rocks has been proved to be only a first-order
approximation.
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