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Abstract

Archaeomagnetism can provide a high-resolution full-vector description of the Earth’s magnetic field for the past
several thousand years. We analyse the bulk of archaeomagnetic data (both direction and intensity) obtained recently
in Western Europe and the Eastern Mediterranean covering the past three millennia. We demonstrate a remarkable
coincidence between sharp cusps in geomagnetic field direction and intensity maxima (two clear ones at VAD 200
and 1400; two presently less well constrained at V800 BC and AD 800). These sharp changes may constitute a new
feature of geomagnetic secular variation (‘archaeomagnetic jerks’) with time characteristics intermediate between
‘geomagnetic jerks’ and ‘magnetic excursions’.
8 2003 Elsevier B.V. All rights reserved.

Keywords: archaeomagnetism; secular variation; jerks; Western Europe; Middle East

1. Introduction

A major interest of archaeomagnetism is to
provide a high-resolution full-vector description
of the Earth’s magnetic ¢eld over the past several
thousand years, including the temporal behaviour
of its dipole and non-dipole components [1^3].
This clearly cannot be expected from palaeomag-
netic studies of series of lava £ows, because of the
episodic nature of lava emplacement and radio-
metric age uncertainties. Continuous high-resolu-
tion sedimentary records may appear much more

promising (e.g. [4,5]), but we still understand in-
su⁄ciently the link between sedimentation pro-
cesses and magnetic acquisition. Archaeomagne-
tism, i.e. the study of remanent magnetisation of
historically dated artefacts, remains our prime
source of information over these millennial and
centennial time scales. Unfortunately, no com-
plete archaeomagnetic description of geomagnetic
secular variation (SV) satisfying currently re-
quired standards has yet been obtained for any
single region at the millennium scale. This is
even the case in regions boasting a long and
rich cultural past, such as the Middle East, China,
Central and western South America or Western
Europe. In some cases, only directional data exist
in su⁄cient amount (and quality) to provide a
relatively continuous record over the past few mil-
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lennia [6] ; in others, only (or mostly) archaeoin-
tensity results are available (e.g. China, Middle
East, South America [7^9]). Moreover, most ar-
chaeointensity data sets from di¡erent regions dis-
play a large dispersion, which often prevents a
consistent description of intensity variations [10].
This scatter likely re£ects di¡erences in experi-
mental procedure and the insu⁄cient reliability
of many archaeointensity data, particularly those
obtained more than 20 years ago [10^12].
In this study, we analyse the bulk of archaeo-

magnetic data (both direction and intensity) cov-
ering the last three millennia obtained recently in
Western Europe and the Eastern Mediterranean
[10,11,13,14], which show evidence for a remark-
able coincidence between sharp cusps in geomag-
netic ¢eld direction and intensity maxima: two
clear ones at VAD 200 and AD 1400 and two
presently less well constrained at V800 BC and
AD 800. These rather sharp changes may consti-
tute a new feature of geomagnetic SV (‘archaeo-
magnetic jerks’) with time characteristics inter-
mediate between ‘geomagnetic jerks’ and
‘magnetic excursions’.

2. New archaeomagnetic data from France and
Syria

New directional data have been acquired from
¢red hearths and pottery kilns in France, archaeo-
logically dated to the ¢rst millennium BC [13].
Combining these data with previous archaeomag-
netic results from Western Europe, we have con-
structed a composite smoothed directional SV
curve, encompassing the entire ¢rst millennium
BC. Together with the curve of Bucur [15], which
spans the last two millennia and is in very good
agreement with the curve derived from South Ital-
ian volcanics [16], we now have a 3000-yr-long
continuous directional curve valid at least for
Western and Central Europe (Fig. 1a). This curve
displays large directional changes extending over
V18‡ in inclination and up to V50‡ in declina-
tion.
We have also computed changes in curvature of

directional drift during the past three millennia,
after slightly smoothing the composite curve in

Fig. 1. Directional variations of the geomagnetic ¢eld in
Western Europe during the last three millennia inferred from
archaeomagnetic data [13,15]. (a) The mean directions are
computed using bivariate statistics over time intervals of
160 yr shifted every 50 yr during the ¢rst millennium BC
[13] and over time intervals of 80 yr shifted every 25 yr for
the last two millennia [15]. All data were reduced to Paris.
(b) Same, smoothed in order to average out some scattered
directions. A di¡erent smoothing was applied to data prior
to and following AD 0, which do not have the same time
resolution and reliability. For the most recent and best-con-
strained part, a running mean was estimated every 25 yr,
averaging three successive directions; a Stineman function
was adjusted to the older part (‘Kaleidagraph’ software).
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Fig. 1a in order to eliminate spurious e¡ects due
to locally scattered directions (Fig. 1b). Two ma-
jor directional cusps (or hairpins) occur at VAD
200 and AD 1400 (Fig. 2a). A third, less impor-
tant change is observed at VAD 800. Despite
lesser resolution, a fourth sharp change in direc-
tion is seen around 800 BC.
We also obtained new intensity results from

archaeologically dated potsherds and brick frag-
ments, which allow us to recover geomagnetic
¢eld intensity variations during most of the past
two millennia in Western Europe [14] and during
the past eight millennia in Mesopotamia [10].
These results were derived using the Thellier and
Thellier [17] method modi¢ed by Coe [18]. The
raw archaeointensity data were corrected for
both the anisotropy of thermoremanent magne-
tisation (TRM) acquired while the archaeological
materials were moulded into shape [19] and the
cooling rate dependence of TRM acquisition [20].
Data reliability is strengthened by the use of strin-
gent selection criteria, aimed at ensuring the reli-
ability of intensity determinations both at the pot-
sherd or brick-fragment level (two samples per
fragment) and at the dated-site level (at least three
independent fragments per site). Archaeointensity
data satisfying the same quality criteria have also
recently been obtained by Chauvin et al. [11] for
the Roman period. The ages of most of the latter
data were constrained using the archaeomagnetic
(direction) dating technique but relying on a now
superseded reference (inclination-only) variation
curve [21,22]. We therefore used the well-accepted
reference curve of Bucur [15] together with the
archaeomagnetic dating procedure described in
Le Go¡ et al. [23], which takes into account the
full directional information of the archaeomag-
netic directions. To reduce age uncertainties, we
retained only those results (11 out of 22) for
which age intervals assigned by archaeologists
(i.e. de¢ned from the archaeological contexts)
were smaller than 200 yr and for which archaeo-
logical and archaeomagnetic age intervals over-
lapped, at least in part. All data from France
are plotted in Fig. 2b. Comparisons between the
data sets from France and Syria in the time inter-
val where they overlap [24], but also from Greece,
Bulgaria, Georgia, Egypt and Central Asia [7,10,

25^28], suggest that during the past few millennia
geomagnetic ¢eld intensity £uctuations were
largely consistent over a vast region extending
at least from the Western Mediterranean to Cen-
tral Asia (V50‡ in longitude). There is particu-
larly clear evidence for a strong intensity maxi-
mum during the ¢rst millennium BC. For this
reason, due to the lack of archaeointensity data
from Western Europe in this time interval, we
also plotted in Fig. 2b the results obtained from

Fig. 2. (a) Changes in curvature of the smoothed directional
drift curve of Fig. 1a. The means and variances of the curva-
ture values are given separately for the 1000 BC^AD 0 and
AD 0^AD 2000 parts of the curve, which have di¡erent time
resolutions. The largest peak in the older part and three larg-
est peaks in the younger part coincide with cusps in magnetic
¢eld directional drift and sharp intensity maxima of panel b
(shaded bands). (b) Archaeointensity variation curve in Eu-
rope and the Middle East during the last 3000 yr. The inten-
sity curve is constructed using the data obtained from Syria
[10] (transferred to the latitude of Paris; squares), a selection
of results obtained in France by Chauvin et al. [11] for the
Roman period (open circles), and data obtained from French
potsherds by Genevey and Gallet [14] (closed symbols). See
text for discussion.
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Syria during the ¢rst millennium BC, after reduc-
ing them to the latitude of Paris (our reference
site).

3. Discussion

Fig. 2b shows an overall decreasing trend with
the occurrence of several intensity maxima. Two
are de¢ned by relatively numerous data at VAD
200 and AD 1400, whereas two other maxima
with larger amplitudes, at V750 BC and AD
800, are less well constrained in France so far
(Fig. 2b). We note that the two best-de¢ned in-
tensity maxima coincide in time with the two
sharpest directional cusps seen in Fig. 2a, whereas
coincidence of the other two maxima with the
other two major directional changes is suggested,
though it still requires further con¢rmation. Addi-
tional data should also clarify whether the direc-
tional cusps occur at the time when intensity
starts to decrease, as appears to be indicated in
Figs. 1 and 2.
However limited, the current database empha-

sises the irregular character of SV at the V100-yr
scale. A rough description of archaeomagnetic SV
could be that of 500^1000-yr-long periods of
smooth SV separated by V100-yr-long ‘archaeo-
magnetic jerks’. It is interesting to confront our
observations with SV models based on a global
database [1^3], which can be used to predict the
directional changes expected at our reference site.
This is shown in Fig. 3a for the SV model of
Korte and Constable [3], which spans the past
three millennia. We see that the model provides
a quite reasonable ¢rst-order ¢t, though some im-
portant features di¡er in phase or amplitude. The
data used in this modelling have a time resolution
and a spatial coverage that makes higher-degree
terms rather uncertain (this is emphasised by dif-
ferences between three available models [1^3]).
We expect that the lower-degree terms (i.e. the
dipole) are the most robust. Fig. 3b shows the
directional changes expected at our reference site
when only these dipolar terms are included. The
range of amplitudes of changes in declination and
inclination are underpredicted by a factor V2^3.
However, the overall shape and features are again

Fig. 3. (a) The directions (in black) expected at our reference
site (V=48.9‡N, B=2.3‡E) based on the SV model of Korte
and Constable [3]. The axial dipole intensity is assumed to
have remained constant. The model includes terms up to de-
gree and order 10 from 1000 BC to AD 1800. (b) Same as
panel a, but only the dipole (n=1) terms are included. Our
European directional SV curve is also shown in grey for
comparison for the same period (see text).
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reasonably similar to the ¢rst order. It is partic-
ularly intriguing that the main features (cusps and
loops) of the SV curve predicted by the models
when all terms up to degree 10 are used are so
similar to those found when only the dipole is
retained.
This leaves us with several open questions. Is

the relation between intensity maxima and direc-
tional cusps a general characteristic of short-term
geomagnetic ¢eld variations? Are the ‘archaeo-
magnetic jerks’ only of regional signi¢cance?
Concerning the latter question, a ¢rst look at
Fig. 3a,b might seem to indicate a positive an-
swer. However, the similarity in shape of Euro-
pean SV with that predicted from changes in the
(global) equatorial dipole alone (Fig. 3b) may
suggest an alternative interpretation. Time uncer-
tainties, smoothing and poor data distribution ad-
versely a¡ect higher-degree terms (quadrupole
and beyond) in global models and we cannot ex-
clude the possibility that the archaeomagnetic
jerks could actually be global features: the region-
al European curves of Figs. 1a and 2b would then
have more of a global character than could have
been expected at ¢rst.
The new geomagnetic events have time charac-

teristics intermediate between geomagnetic jerks
(V1 yr [29,30]) and excursions or reversals
(V103 yr [31]). At present, deciphering their ori-
gin is di⁄cult but some interesting constraints
could be obtained by determining more precisely
geomagnetic ¢eld behaviour during the ¢rst mil-
lennium BC. In addition to the intriguing direc-
tional kink seen from the SV model around 300
BC (Fig. 3a), but which is not yet linked to an
intensity maximum, several data sets obtained in
the northern hemisphere from lake and marine
sediments and from archaeological structures
show strong and sudden departure from dipolar
directions around the 8th century BC. This depar-
ture may re£ect a very brief excursional event
[32,33] that could have been smoothed out in
the Western European curve [13]. In any case,
the suggestion that there exist archaeomagnetic
jerks begs for con¢rmation, and we emphasise
the need for an ‘observatory approach’ to gather
a detailed and complete high-quality archaeomag-
netic description of SV at a few distant sites.
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