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SECTION NEWS

Updating the Map of Earth’s

Surface Conductance

Studying the Earth’s deep conductivity
structures, important for developing our
understanding of the dynamics of the Earth,
is complicated due to effects of the shallow
conductive structures on the electromag-
netic (EM) responses for periods larger than
hours. The results of the deep EM soundings
can be heavily distorted by the surface shell
conductance, which varies from fractions of
siemens (S) inland to up to tens thousand
of siemens in the oceans. Thus, separating
the effects caused by those variations and
by deep conductivity structures is an impor-
tant step during interpretation of the data.

This article reports on efforts to overcome
these difficulties by providing high-resolu-
tion, global maps of the Earth’s surface shell
conductivity structure, from which deep
conductivity can be interpolated. Using fine-
scale regional surface schemes of conduct-
ance for the shallow structures (S-maps)
overlain and compiled into broader spatial
maps, scientists will be able to use data
products from these efforts to accomplish
research goals of the currently running
USArray (http://www.emscope.org) and for
the planned Euro-Array (http://www.euroar-
ray.org), projects that aim in part to region-
ally map the conductivity structures at
upper and middle mantle depths by using
magnetotelluric (MT) and magnetovariation
(MV) methods.

Changes in the outer part of the Earth’s
magnetic field, usually caused by interac-
tions between the solar wind and the iono-
sphere and magnetosphere, induces an
electric ‘telluric’ field in the Earth, and the
strength of the telluric field is dependent on
the conductivity (resistivity) of the medium.
In the MT method, observing the magnetic
and electric fields simultaneously,and deter-
mining their ratios at varying periods, allows
for the derivation of the conductivity distri-
bution with depth. A similar process for
determination of conductivity is used in the
MV method, but just from magnetic compo-
nents of the field.

Measuring conductivity is a useful tool
for distinguishing different rock types, and
measurements of the Earth’s subsurface
conductivity can shed light on structural
geology. The research described here seeks
to characterize mantle inhomogeneity
against the background of known surface

shell conductance distribution for the Euro-
pean region. This study reveals a number of
problems that must be overcome in order to
collect reliable mantle soundings, and it
highlights the necessity of improving of
S-maps.

Improving S-maps

The most straightforward way to separate
deep conductivity from surface shell con-
ductivity is to numerically simulate EM
fields in the frame of the Earth’s layered
model, incorporating a surface conducting
shell that consists of contributions from the
sea water and from sediments (see Figure 1)
Obviously, the accuracy of such a modeling
depends essentially on the accuracy of the
global S-maps used.
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Fig. 1.The current global surface S-map with a global conductivity distribution of the Earth’s
interior and extracted S-map for the European region. The initial S-map is obtained from sediment
thicknesses (left) and the new corrected S-map is obtained by MT soundings in situ (right). Sedi-
ment thicknesses are from Laske and Masters [1997].
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The modern global S-maps are mainly
based on the bathymetry, and global sedi-
ment thicknesses (on land as well as under
water) given by Laske and Masters [1997].
Additionally, improvement in the oceanic
conductance data recently was achieved,
taking into account the salinity, temperature
and pressure of the sea water [cf. Manoj
et al.,2006]. However, the methods used to
create these global S-maps seem to be insuf-
ficient do to the ambiguity introduced by
applying heuristic procedures to convert
sediment thicknesses into conductance val-
ues [cf. Fverett et al., 2003].

One way to improve the global S-map on
the continents is to merge the existing
regional S-maps that have been compiled all
over the world for many years. These regional
S-maps often have better resolution and,
most probably,
higher reliability
since they use a pri-
ori information, for
example, the shal-
low seismic and
gravity investiga-
tions, or electrical
and EM prospecting
[cf. Harinarayana
and Naganjaneyulu, 2003].The authors of
this article started updating the global
S-map on the continents by incorporating
the existing regional S-maps, and welcome
the contribution of regional conductance
data in any form for subsequent correction
of the global S-map.The data can be sent to
article lead author Jan Vozar (geofSmap@
savba.sk), Geophysical Institute, Bratislava,
Slovak Republic. The modeling results for
the regions of interest with the updated
global S-map will be available on request.

Modeling EM Responses
With a New Regional S-map

In a demonstration of the distorting effect
of the nonuniform conductance distribution
on EM responses in the European region,
the layered model of the Earth shown in
Figure 1, which incorporates a thin spherical
shell, was used with updated regional con-
ductance for northern, central, and eastern
Europe.This S-map was compiled with spa-
tial resolution of 1° x 1° as part of two proj-
ects: Baltic Electromagnetic Array Research
(BEAR) [Korja et al., 2001] and Central

GEOMAGNETISM &
PALEOMAGNETISM

Europe Mantle Geoelectrical Structure
(CEMES) [Semenov et al., 2003].The new
regional S-maps are shown in Figure 1.
Induction equations have been solved numer-
ically according to the three-dimensional
scheme by Kuvshinov et al. [2005].

Figure 2 presents examples of the theoret-
ically calculated apparent resistivity and
impedance phase values for the MT and
magnetovariational geomagnetic deep
soundings (GDS) methods at periods of 0.25
days (more results are available at ftp://gpi.
savba.sk/Smap).The two methods respond
in different ways to the nearsurface inho-
mogeneities, and moreover, the MT responses
depend on the field polarization. The distor-
tions of the apparent resistivity obtained by
the MT method are much higher than the
impedance phases, as expected. The appar-
ent resistivity values
obtained for the GDS
method (apart from
the MT responses) are
less sensitive to the sur-
face conductance vari-
ations than the MT
method. Note that the
inconsistency between
the two methods due
to the lateral variability of the conductance
decreases as the period increases.

These modeling results show that effects
caused by surface shell conductance inho-
mogeneities are significant and can be pre-
dicted with required detail and accuracy if
the reliable conductance maps are avail-
able. Once these high-resolution S-maps
have been made, it then would soon be pos-
sible to model deep conductivity structures
by subtracting shallow components from
the overall signal. Hopefully, this would lead
to a better understanding of mantle evolu-
tion and plate tectonics.
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2006 AGU Fall Meeting
Student Travel Grants

apply for funding of up to $600.
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Travel grants are available for a limited number of students to attend the 2006 AGU
Fall Meeting, to be held 11-15 December in San Francisco, California, USA. Meet
and mingle with your colleagues, sharpen your networking skills with an international
assembly of scientists, and visit the Career Center for current job opportunities.

Eligibility: Current AGU student members who are first authors presenting a paper or
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Applications are available on the AGU Web site at http://www.agu.org/meetings/fm06/ or
by e-mailing Charles Dorch at cdorch@agu.org.
Application Deadline: 7 September 2006

Do not wait for acceptance of your abstract to apply. Your acceptance letter may arrive
after the grant application deadline has passed.
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Fig. 2. (top) The apparent resistivities and (bottom) phases of impedances modeled for the
FEurope region by (left) the GDS and (center and right) MT methods (for two polarizations). The

period is 0.25 days.

Geophysical Institute, Bratislava, Slovakia;
Institute of Geophysics, Kiev, Ukraine; and
State University of Moscow, Russia. Thanks
are due to the Polish Committee of Scien-
tific Research, which has supported the
investigations through grants 6P04D-01220
and 2P04D-02329, and to the Centre on
Geophysical Methods and Observations for
Sustainable Development, Warsaw, Poland,
which has supported the joint work of the
authors. Additionally, C. Manoj thanks V. P
Dimri, National Geophysical Research Insti-
tute, Hyderabad, India, for permission to
publish this article. J. Vozér is grateful to
Vedecka Grantova Agentira (VEGA) for
support of this work through grant number
02/6045/26.

References

Everett, M.E.,S. Constable,and C.G. Constable
(2003), Effects of nearsurface conductance on
global satellite induction responses, Geophys. J.
Int., 153, 277-286.

Harinarayana, T, and K. Naganjaneyulu (2003),
Regional surface electrical conductance map of
India. /., Geol Soc. Ind.ia, 61(6),724-728.

Korja, T, et al. (2002), Crustal conductivity in Fen-
noscandia: A compilation of a database on crustal
conductance in the Fennoscandian Shield, Earth
Planets Space, 54, 535-558.

Kuvshinov,A., H. Utada, D. Avdeey,and T. Koyama
(2005), 3-D modelling and analysis of the Dst EM
responses in the North Pacific Ocean region, Geo-
phys. J.Int., 160, 505-526.

Laske, G.,and G.Masters (1997),A global digital
map of sediment thickness, Eos Trans. AGU, 78(46),
Fall Meet. Suppl.,Abstract S41E-1.

Manoj, C.,A.Kuvshinov, S. Maus, and H. Luhr (2006),
Ocean circulation generated magnetic signals,
Earth Planets Space, in press.

Semenov,V.Y.,W. Jozwiak, and J. Pek (2003), Deep
electromagnetic soundings conducted in Trans-
European Suture Zone, Eos Trans. AGU, 84(52),
581,584.

—JAN VOZAR, Geophysical Institute of SAS,
Bratislava, Slovak Republic; E-mail: geofjavo@
savba.sk; VLADIMIR Y. SEMENOV, Institute of Geo-
physics, Polish Academy of Sciences, Warsaw,
Poland; ALEXEY V. KUVSHINOV, Danish National
Space Center, Copenhagen, Denmark; and CHANDRA-
SEKHARAN MANOJ, Magnetotelluric Division,
National Geophysical Research Institute, Hyder-
abad, India.

for a sample of what AGU has to offer.

Coming Soon!

in Marine Sediments

CE060274X,
2005, 400 pages, hardbound.

communities; and more.

Eos_06055

¢ Interactions Between Macro- and Microorganisms

Erik Kristensen, Ralf R. Haese, Joel E. Kostka, Editors
Coastal and Estuarine Studies Series, Volume 60, AGU Code

List Price: $85.00 « AGU Member Price: $59.50

An authoritative overview of the research, experiments, and
modeling of interactions between plants, microorganisms, and
marine sediment; animals, microorganisms, and marine sediment;
macroorganisms and microorganisms; the structuring of benthic

¢ The Ecogeomorphology of Tidal Marshes

Sergio Fagherazzi, Marco Marani, Linda K. Blum, Editors
Coastal and Estuarine Studies Series, Volume 59, AGU Code
CE0592731, 2005, 266 pages, hardbound.

List Price: $80.00 * AGU Member Price: $56.00

Located between sea and land, salt marshes are complex
environments that provide critical ecosystem functions, such as
production of organic material and nutrient cycling. This book
examines the geomorphology of salt marshes with emphasis on
the interaction between landscape and biota.

Complete Your Coastal and Estuarine
Studies Library With AGU Publications

AGU publishes titles on coastal sciences that are essential to your collection. See the list below

¢ Coral Reefs and Climate Change: Science and Management

Jonathan T. Phinney, William Skirving, Joanie Kleypas, Ove Hoegh-Guldberg, Al Strong, Editors
List Price: $70.00 « AGU Member Price: $49.00

How can coral reefs help scientists predict climate change from the local to global levels?
What records of past climatic change do coral reefs possess? How do reefs endure natural
and anthropogenic stressors? And how can we manage reefs to ensure their longevity?
This volume will interest scientists, researchers, and students who work in biogeoscience,
biological oceanography, marine geochemistry, atmospheric physics, and climatology.
Resource managers, environmentalists, and ecologists will also find this work an important
source in understanding coral reefs and they issues they present.

The Ecogeomonphobogy
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HOW TO ORDER:
AGU
2000 Florida Ave., N.W.
Washington, DC 20009 USA
Toll-free inside North America: 800.966.2481
Outside North America: +1 202.462.6900
Fax: +1 202.328.0566
Web site: www.aip.org/AGU e E-mail: service@agu.org
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