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WDMAM
• The WDMAM (World Digital Magnetic Anomaly Map) is an international 

scientific project under the auspices of IAGA (International Association of 
Geomagnetism and Aeronomy) and CGMW (Commission for the 
Geological Map of the World), aiming to compile and make available 
magnetic anomalies caused by the Earth lithosphere, on continental and 
oceanic areas, in a comprehensive way, all over the World.

• Various kinds of aeromagnetic, marine and satellite data are merged into a 
global magnetic anomaly data set.

• The project started in 2003.
• The 1st version of WDMAM was published in 2007.
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World Digital Magnetic Anomaly Map project
1st version of world map published in 2007



WDMAM Version 2
• The 2nd version was published in 2015.

WDMAM Task Force: J. Dyment (chair), M. Catalan (co-chair), 
A. de Santis, M. Hamoudi, T. Ishihara, J. Korhonen, V. Lesur, 

T. Litvinova, J. Luis, B. Meyer, P. Milligan, M. Nakanishi, S. Okuma, 
M. Pilkington, M. Purucker, D. Ravat, E. Thebault

The compiled map (jpeg format) and grid data set are freely available at 
http://www.wdmam.org.
Grid data set     3’ x 3’ (0.05˚ x 0.05˚, about 5 km interval) grid

• Oceanic areas at altitude of 0 km
marine track line data + magnetic anomaly model

• Continental areas at altitude of 5 km
merging of various kind of data sets

• Long wavelength components (n=16 to 100) from satellite data 
• Satellite data where no aeromagnetic and marine data are available

http://www.wdmam.org


Data sets 11 to 47 used in WDMAM version 2.0
Index

11 Marine+data+set +
12 France
13 Italy
14 Spain
15 Germany
16 Austria
17 Fennoscandia+compilation GTK
18 UK British+Geological+Survey
19 Portugal
20 Romania
21 Japan WDMAM+2007
22 East+Asia WDMAM+2007
23 Russia Vsegei
24 Djibouti
25 Middle+East
26 India WDMAM+2007
27 Circum+Arctic+Compilation
28 Guadeloupe
29 French+Guiana
30 Bahama/Cuba EMAG2
31 Nure/Namag
32 Algeria
33 Morroco
34 Nigeria
35 Argentina+Shelf
36 Argentina+Inland
37 Australia
38 South+African+Compilation
39 Uganda
40 Mozambique
41 SaNaBoZi+(Compilation)
42 Acad_Vernadsky
43 Admap+(Compilation)
44 Marine+model Dyment+et+al.++2015
45 WDMAM+2007+(grid8)
46 Compilation+Getech Getech
47 GRIMM_L120 Lesur+et+al.+2013



WDMAM version 2.0 Lesur et al. (2016)
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Fig. 7 Global map of the Earth’s magnetic anomalies relative to the CM4 main field model for year 1990, divided by the JD factor

with anomaly values obtained from a magnetic field mod-
els derived from satellite data. A final advantage of our
approach is the derivation of a global grid of adjustment
factors derived from the comparison of observed and syn-
thetic anomalies. Once corrected for the constant mag-
netisation used to compute the synthetic anomalies, this
adjustment factor grid has the dimension of an equivalent
magnetisation. The derivation of such a global distribu-
tion of equivalent magnetisation, computed with a more
realistic source geometry considering the bathymetry and
sediment thickness, has been derived and is described
elsewhere (Dyment et al. 2015).
As explained before, one of the difficulties in generating

the anomaly map is the integration of the robust informa-
tion about the long wavelength lithospheric field derived
from satellite data. We used the GRIMM_L120 model
as the reference model; however, there is no doubt that
significantly better models will be derived using Swarm
data. We have therefore included enough information in
the WDMAM grid such that the long wavelengths of
the lithospheric field can be corrected again if necessary.
Another point is that the long wavelength of the litho-
spheric field model derived from the WDMAM grid does
not match the long wavelengths of the GRIMM_L120
model. This discrepancy between the original and final
Gauss coefficients may be due partly to the regularisation

applied when deriving the WDMAM model but also to
the process we applied for replacing these long wave-
lengths. The latter effect is particularly large for SH degree
between 95 and 100. Again, scientists not satisfied with
this approach have all the necessary information to cor-
rect these long wavelengths.
The global magnetic field model was derived from the

WDMAMgrid through a simple least squares process that
also minimise the “Backus effect”. Since our model is trun-
cated at SH degree 800, it is not singular even if the true
sources of magnetic field anomalies are above the Earth
reference radius of 6371.2 km. This is why we did not
find necessary to account for the flattening of the Earth
to derive this model. Our model has slightly less energy
than the EMM2015 at SH degree below 100 but more
energy from SH degree 100 to 200. It has a spectrum with
a slightly steeper slope at high SH degrees but otherwise
a similar power level. A close inspection of the vertical
component maps of both models shows that they differ
mainly by their signals over oceans. A more precise anal-
ysis is difficult because there is no scientific publication
associated with the EMM model—(only the first version
of the NGDC720 model was released with a publication,
see Maus 2010). The study of the local spectra of our mag-
netic field model shows that the model has a low cutoff SH
degree over Antarctica, South America, Tibet and Africa

WDMAM divided by main field strength/45,000 nT

Continents - mainly 
induced magnetization

Large anomalies
Siberia, North America,
Australia, South Africa

Smaller anomalies
Western Europe, China,
Central to north Africa,
South America 
(partly due to lack of 
detailed data)

Contrast at the 
Tornquist-Teisseyre line

After Lesur et al. (2016)
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Fig. 5. Equivalent magnetization (assuming a 1 km-thick magnetized source layer mimicking the top of the basement) versus spreading rate at which the oceanic lithosphere 
was formed (from Müller et al., 2008), for all dated oceanic areas, normalized for each spreading rate to the number of measurements (top), contoured every multiples of 3% 
(bottom). See text for details on plot construction.

to hotspots or other mantle anomalies, the equivalent magnetiza-
tion appears rather stable in any given oceanic basin. As already 
noted, it averages 1 A/m in the basins formed at the SMAR, PAR 
and SEIR (Fig. 3a). Similar or lower values are observed off the 
Southwest Indian Ridge (SWIR), the Central Indian Ridge (CIR) 
south of the Rodrigues Ridge, and in the North Atlantic Ocean 
away from the zone of influence of the Iceland hotspot, whereas 
stronger values (higher than 5 A/m) are observed in the Northeast 
Pacific Ocean and in the Indian Ocean basins formed between the 
CQZ and 45 Ma (Central Indian, Wharton, Mascarene, Madagascar 
and Crozet basins).

We note that the latter basins have been formed at fast 
spreading rates (faster than 40 km/Ma half-rate), whereas the for-
mer basins correspond to slow and intermediate spreading rates 
(slower than 40 km/Ma). In order to test this possible correlation, 
we represent the equivalent magnetization versus the spreading 
rate at which the oceanic lithosphere was formed (taken from 
Müller et al., 2008). We accumulate the occurrences of magne-
tization and spreading rate couples (at intervals of 0.5 A/m and 
5 km/Myr, respectively) and contour the resulting 2D histograms. 
Because the distribution of spreading rate is very uneven, we nor-
malize the distribution at any given spreading rate by the total 
number of occurrences for this spreading rate and represent it in 
percents (Fig. 5, bottom). To estimate the spreading rate range for 
which the results are significant, we also show the number of oc-
currences as a function of the spreading rate (Fig. 5, top). Beyond 
a spreading rate of ∼100 km/Myr, the dispersion of the equivalent 
magnetization values increases and the number of occurrences be-
comes lower than 100 000 for each 5 km/Myr interval. This part of 
the histogram is considered less significant.

The resulting histogram shows that the equivalent magnetiza-
tion is generally stronger for fast spreading rates. Two groups can 
be distinguished, separated by a clear transition at 40 km/Myr. The 
oceanic lithosphere formed at slow and intermediate spreading 
rates (slower than ∼40 km/Myr) displays equivalent magnetiza-
tion values of 1–2 A/m, whereas that formed at fast spreading 
rates (faster than ∼40 km/Myr) shows values of 2–3 A/m. The rela-
tively sharp transition likely corresponds to the transition between 
oceanic crust formed at EPR-like, axial dome spreading centers and 
MAR-like, axial valley ones.

4. Discussion

The analysis of the phase, or skewness, of marine magnetic 
anomalies suggests that the magnetic structure of the oceanic 

Fig. 6. Corrected amplitude of magnetic anomaly 25 measured on magnetic anomaly 
profiles in different oceanic basins (see insert for locations and legend for corre-
sponding symbols) versus spreading rate determined from the profiles and the geo-
magnetic polarity time scale of Cande and Kent (1995). The dashed lines correspond 
to amplitudes measured on synthetic models for different values of equivalent mag-
netization assuming a horizontal source layer 0.5 km-thick. After Fulop (1996) and 
Dyment and Fulop (1997).

lithosphere varies with the spreading rate. The observation of the 
anomalous skewness of the anomalies decreasing with increasing 
spreading rate and becoming negligible above a spreading rate 
of 50 km/Myr (Dyment et al., 1994) is explained by a model in 
which the deeper magnetic layers, made of gabbros and serpen-
tinites, contributes about 40% of the anomalies at a spreading rate 
of 10 km/Myr and decreases to 0% at a rate of 55 km/Myr and 
above. Such a model accounts for observed variations of magma 
fractionation, alteration of the extrusive basalt, and serpentiniza-
tion of the deeper crust and uppermost mantle with spreading rate 
(Dyment and Arkani-Hamed, 1995). Modeling of the magnetization 
acquired through serpentinization accounts for the observed shape 
of the anomalies at slow spreading centers (Dyment et al., 1997). 
In these models, the uppermost, extrusive basaltic layer remains 
the main contributor of the oceanic magnetic anomalies.

Although the study of marine magnetic anomaly shape pro-
vides estimates of the relative importance of the magnetic layers 
contributing to these anomalies for different spreading rates, it is 

Equivalent magnetization versus spreading rate

Oceanic area model - Equivalent magnetization
after Dyment et al. (2015)

(1) about twice stronger for areas formed at fast spreading rate 
(2) decreases significantly during the first 10 to 15 Ma, 

and slowly increases from 20 to 70 Ma.
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Fig. 3. Equivalent magnetization (assuming a 1 km-thick magnetized source layer mimicking the top of the basement) versus age of the oceanic lithosphere. See text for 
details on plot constructions. a) For selected areas, not normalized, from top to bottom: the southern Mid Atlantic Ridge and flanks (SMAR, contours every 6000 samples), 
the Pacific–Antarctic Ridge and flanks (PAR, contours every 8000 samples), and the Southeast Indian Ridge (SEIR, contours every 8000 samples). b) For all dated oceanic 
areas, normalized for each age to the number of measurements (top), contoured every multiples of 3% (medium), compared to the Natural Remanent Magnetization (NRM) 
measured on drilled samples (bottom; after Bleil and Petersen, 1983: stars and thick line, average values; thin lines, uncertainties).

no other effect (see below) interferes significantly: the southern 
Mid-Atlantic Ridge (SMAR), the Pacific–Antarctic Ridge (PAR), and 
the Southeast Indian Ridge (SEIR). For each of these areas, we rep-
resent the equivalent magnetization versus the age of the oceanic 
lithosphere (taken from Müller et al., 2008); we accumulate the oc-
currences of magnetization and age couples (at intervals of 0.5 A/m 
and 5 Myr, respectively) and contour the resulting 2D histograms 
(Fig. 3a). These histograms clearly show a sharp transition at 10 Ma 
on the SMAR, and 15 Ma on the PAR and the SEIR. Whether these 
slight differences in age are significant, and what process they may 
result from, is unclear. The average amplitude of the equivalent 
magnetization is similar, ∼1 A/m, for the SMAR, PAR, and SEIR, at 
ages older than 10–15 Ma (Fig. 3a). It is about twice this value, 
1.5 A/m for the SMAR, 2.5 A/m for the PAR, and 2 A/m for the 
SEIR, at age zero, and exponentially decay in the first 10–15 Ma.

In Fig. 3b we accumulate the occurrences of magnetization and 
age couples (at intervals of 0.5 A/m and 5 Myr, respectively) and 
contour the resulting 2D histograms for all oceanic areas where 
the age is determined. Because the distribution of ages is uneven, 
with the number of occurrences decreasing with increasing ages, 
we normalize the distribution at any given age by the total num-
ber of occurrences for this age and represent it in percents (Fig. 3b, 
bottom). To estimate the age range for which the results are signif-
icant, we also show the number of occurrences as a function of the 
age (Fig. 3b, top). The Cretaceous Quiet Zones (84–118 Ma) show 
no occurrence for reasons stated above. For the so-called Meso-
zoic (or M-series) anomalies, beyond ∼115 Myr, the dispersion of 
the equivalent magnetization values increases and the number of 

occurrences becomes lower than 250 000 for each 5 Myr interval. 
This part of the histogram is considered less significant.

The resulting histogram shows that the equivalent magnetiza-
tion rapidly decreases from ∼2.2 to ∼1.3 A/m between 0 and 
15 Myr, then slowly increases from ∼1.3 to ∼1.8 A/m between 
25 and 60 Ma and possibly beyond. This later observation shows 
that our analysis method is also able to depict the increase of 
NRM with age reported from drilled samples for ages between 20 
and 100 Ma (Bleil and Petersen, 1983; Johnson and Pariso, 1993;
Furuta, 1993; Wang et al., 2006). This observation jointly arises 
from magnetic measurements on basalt samples, characteristic of 
the uppermost part of the extrusive layer, and from our equiva-
lent magnetization, characteristic of the whole magnetized crust 
with a predominance of the whole basaltic extrusive layer (e.g., 
Dyment and Arkani-Hamed, 1995). It may result either from long-
term geomagnetic field intensity variations (Sayanagi and Tamaki, 
1992), as suggested by the similar tendency obtained between 20 
and 70 Myr from paleointensity derived from sediments and vol-
canic rocks (Kurazhkovskii et al., 2013), or from source-related 
effects. The latter effects include the acquisition of a secondary 
magnetization, for instance a strong chemical remanent magne-
tization (CRM) in the basaltic layer (Raymond and LaBrecque, 
1987) or viscous remanent magnetization (VRM) in all magne-
tized layers (Arkani-Hamed, 1989), complex alteration processes 
of the basaltic layer (Bleil and Petersen, 1983; Geiss et al., 1989;
Matzka et al., 2003), or variable abundance in Fe–Ti content of the 
basaltic layer (Johnson and Pariso, 1993) or all magnetized layers.

Equivalent magnetization versus age after Dyment et al. (2015)
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Fig. 2. Final products of our analysis as defined in Fig. 1. (a) The World Digital Magnetic Anomaly Map version 2 at sea level and (b) the equivalent magnetization (assuming 
a 1 km-thick magnetized source layer mimicking the top of the basement) over oceanic areas.

zation with age is generally ascribed to the pervasive alteration of 
the extrusive basalt forming the main magnetic contributor to the 
oceanic anomalies (e.g., Dunlop and Prevot, 1982; Harrison, 1987;
Dyment and Arkani-Hamed, 1995; Dyment et al., 1997), with the 
strongly magnetic titanomagnetite altered to the less magnetic ti-

tanomaghemite and ultimately to nonmagnetic clay minerals (e.g., 
Wooldridge, et al., 1990).

A more careful observation of Fig. 2b reveals that this decay 
of magnetization with age seems to be completed after ∼10 Ma. 
To further substantiate this point, we selected three areas where 

Oceans – mainly
remanent magnetization

Marine magnetic anomaly model
Magnetization vector

(10 A/m, 1km thick layer
beneath top basement assumed)

from ocean floor age,
geomagnetic polarity time scale
&  finite rotation for each plate

Adjust equivalent magnetization
to fit the amplitude variations of 
model and real data on sliding
windows of 100 to 400 km
along each track line 

After Dyment et al. (2015)



Compilation of
global marine magnetic anomaly data



Collected marine data
Cruises   Records

GEODAS 5.0.10     2245   19072440
(Quesnel et al., 2009)
Global2019           3453    36679884



3 major components of geomagnetic field

Main field 
Self-excited dynamo 
in the liquid outer core

External field 
Currents in the ionosphere 

and magnetosphere

Anomaly
Lithospheric Magnetization

Comprehensive model: phase 3 33

Figure 1. Schematic of current sources contributing to the near-Earth magnetic field and data sources considered in this study.

dayside dip equator (see Onwumechilli & Ozoemena 1989). In ad-
dition, auroral electrojets (AEJ) flow in the auroral belt and vary in
amplitude with different levels of magnetic activity. At the Earth’s
surface, the Sq fields are of the order of 10–50 nT, depending upon
component, latitude, season, solar activity and time of day; the mag-
netic signature of the EEJ can be about 5–10 times that of Sq; and
that of the AEJ can vary widely from a few 10s nT during quiet
periods to several thousand nT during major magnetic storms (see
Volland 1984).

The field originating in the Earth’s magnetosphere is a result pri-
marily of the ring-current and the currents on the magnetopause
and in the magnetotail. Currents flowing on the outer boundary of
the magnetospheric cavity, known as the magnetopause, cancel the
Earth’s field outside and distend the field within the cavity. This pro-
duces an elongated tail in the antisolar direction within which sheet
currents are established in the equatorial plane. The interaction of
these currents with the radiation belts near the Earth produces a
ring-current in the dipole equatorial plane, which partially encircles
the Earth, but achieves closure via field-aligned currents (FACs)
into and out of the ionosphere. These resulting broad-scale fields
have magnitudes of the order of 20–30 nT near the Earth during
magnetically quiet periods, but can increase to several hundred nT
during disturbed times (see Olson 1984).

If displacement currents are neglected, then the current densities
associated with these external fields are solenoidal and therefore
must flow along closed circuits. Given the complex nature of the
conductivity structure in the near-Earth region, circuit closure is
sometimes achieved through currents that couple the various source
regions. At high latitudes, the auroral ionosphere and magnetosphere
are coupled by currents that flow along the Earth’s magnetic field
lines (see Potemra 1982). The fields from these FACs have magni-
tudes that vary with the magnetic disturbance level. However, they
are always present (of the order of 30–100 nT during quiet periods
and up to several thousand nT during substorms). Fields from these

currents have been detected in surface data in the Y (east) component
of the magnetic field at low latitudes, with difficulty, but are mostly
mapped using magnetometers aboard near-Earth-orbiting satellites.
There are also currents that couple the Sq currents systems in the
two hemispheres that flow, at least in part, along magnetic field
lines. Detection of these has been reported by Olsen (1997a) using
data from the Magsat satellite. The associated magnetic fields are
generally 10 nT or less. Finally, there exists a meridional current
system that is connected to the EEJ with upward-directed currents
at the dip equator and field-aligned downward-directed currents at
low latitudes (within 15◦ of the dip equator). Fields from this current
system have been detected by magnetic measurements taken on a
rocket (Musmann & Seiler 1978) and from those taken by Magsat
(Maeda et al. 1982). In the latter case, the EEJ coupling currents
resulted in fields of about 15–40 nT in the Magsat data at dusk local
time.

The lithosphere is a rheological classification for that outer layer
of the Earth, which is rigid and the crust is the petrologically distinct
upper portion of this. The lithosphere contains regions for which the
temperature is below the Curie point of magnetite and other mag-
netic minerals. As a result, it can have magnetization that is either
induced by the present-day ambient field or frozen into the rocks at
their last time of cooling below the Curie temperature, i.e. remanent
magnetization. Fields from the lithosphere are of amplitude up to
several thousand nT at the surface and at aircraft altitude, and up to
about 20 nT at the satellite altitudes considered in this paper (see
Langel & Hinze 1998). The length-scales of lithospheric fields range
from extremely broad, e.g. continent–ocean magnetization contrast
(Counil et al. 1991), to very local, although only features larger than
a few hundred kilometres may be resolved at satellite altitude.

The time-varying external fields induce currents in the Earth’s
electrically conducting interior. These currents produce a secondary
magnetic field, the size of which depends upon the amplitude of the
inducing field, the mantle conductivity and the period. For realistic

C© 2002 RAS, GJI, 151, 32–68

(after  Sabaka et al., 2002)



Sources and variations
of the 3 components of geomagnetic field

Component Source Spatial Variation Temporal Variation 

Main field Outer core Long wavelength
Spherical harmonic 
degree ~< 15

Secular variation
(~> 1 year)

External fields Ionosphere &
Magnetosphere

Long wavelength 1 hour to 1 year

Anomalies Lithosphere Short wavelength
Spherical harmonic 
degree ~> 16

No variation



New leveling method
to correct temporal variation due to external field

Ishihara (EPS, 2015) modified
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Gulf of St. Lawrence, NW Atlantic Ocean



Philippine Sea and NW Pacific Ocean



Global marine magnetic anomaly map 
after leveling correction

rms COD: 79.5 nT (before correction)
45.6 nT (after correction)

Total NO of CODs =806466



N1: Northwest Pacific Ocean



N2: Northeast Pacific Ocean



N3: North Atlantic Ocean



S1: Indian Ocean



S2: South Pacific Ocean



S3: South Atlantic Ocean
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