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ABSTRACT: The mantle electrical conductivity-depth profile of
mid and high latitudes of Europe have been determined using

solar quiet day ionospheric current (Sq). The magnetometer
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data obtained for 2009 from geomagnetic stations installed
across Europe by magnetic data acquisition set (MAGDAS)

were employed in this study. Gauss spherical harmonic

Copyright © 2025, Authors retain
copyright. Licensed under the Creative
Commons Attribution 4.0 International
License (CC BY 4.0), which permits
unrestricted use, distribution, and
reproduction in any medium, provided
the original work is properly cited.

https://creativecommons.org/licenses/by

/4.0/ (CC BY 4.0 deed)

This article is published in the MSI
Journal of Multidisciplinary Research

(MSIJMR) ISSN 3049-0669 (Online)

The journal is managed and published

by MSI Publishers.

Volume: 2, Issue: 12 (December-2025)

analysis (SHA) method was used to separate the internal and
external field contributions to Sq current system. The result
depicted that the conductivity values at DOU showed a sharp
increase from 0.026791sm-1 at 103.38km to 0.129sm-1 at
137.24km, it increased to 0.142sm-1 at 160.84km and got to
0.178sm-1 at 203.61km. At HRN, the conductivity profile rose
steadily from about 0.0179sm-1 at a depth of 140.42km and
increased gradually until it got to 0.0245sm-1 at 206.34km.
This high conductivity region agreed with the global seismic
low velocity region, the asthenosphere. A discontinuity in the
conductivity values was observed between 432.63 and
699.6km, this region corresponds to the mantle transition zone,
which is part of the Earth’s mantle and located between the
lower mantle and the upper mantle between depths of 410 and

660km.
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Introduction

A fluctuating electric current flowing in the Earth’s atmosphere causes corresponding
electric currents to flow in the conducting Earth below the source current. The
magnitude, direction, and depth of penetration of the induced currents are determined
by the characteristics of the source currents as well as the distribution of electrically
conducting materials in the FEarth. At the Earth’s surface observatories,
magnetometers measure the composite of external (source) and internal (induced)
field components from the currents. Separating these currents into their individual
parts using Spherical Harmonic Analysis (SHA) or other integral methods, the
amplitudes and phase relationships were shown to be useful in determining the
conductivity of the deep earth (Chapman and Bartels, 1940). The depth of
penetration of the induced current to the deep earth depends on the period of
variation of the source current and the distribution of electrically conducting

materials in the region of the earth begin investigated. (Obiekezie and Okeke, 2010).

Campbell et al. (1998) used selected geomagnetic field records to establish the 1990
quiet-day current system (Sq) for Australia. They also determined the Earth’s deep
electrical conductivity using the sq current system. Obiekezie and Okeke (2010) used
magnetic data obtained from a chain of ten magnetotelluric stations installed in the
African sector during the international equatorial electrojet year (IEEY) to establish
the 1993 quiet day current system (Sq) for West Africa and to determine the Earth’s

upper mantle electrical conductivity in the region.

The aim of this work is to separate the quiet-day field variations obtained in the mid
and high equitorial region of Europe into their external and internal field
contributions and then to use the paired external and internal coefficient of the SHA

to determine the earth’s upper mantle conductivity for the region.
Data Source

The average hourly geomagnetic data used in this study were obtained from

geomagnetic stations established in parts of the region (Dourbes (50.10N, 4.5990E),
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Hornsund (77.00N, 15.550E), Lerwick (60.1530N, 1.14930W) )by magnetic data
acquisition set (MAGDAS), Japan for the year 2009.
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Fig 1. Geological map showing the study area Method of Analysis

The method employed in this work involves the Spherical Harmonic Analsysis
(SHA) devised by Guass (1838) in solving the magnetic potential function V. It was
Guass (1838) who showed that the potential has two parts: the external (source) and
internal (induced) parts of the potential function. He expressed the magnetic potential
of the Sq field, V measured from the daily mean values at universal time, T
comprises of both the internal (induced) current and the external source current as a

sum of spherical harmonics as
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Where C, 6, a, r and ¢ denote a constant of integration, the geomagnetic colatitude, the earths

(1)

me mi me

, ™ and ™ are legendre
a a b b

n n n n

radius and the local time of the observatory respectively.

polynomial coefficients, e and | represent the external and internal values, respectively. Py, are

n
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legendre polynomials and are functions of colatitude 6 only. The integers, n and m are
called degree and order respectively. Following Campbell (1997), the equivalent current
function, J(¢) in Amperes for an hour of the day, ¢/15 (the longitude divided by 15°) is
obtained from:

4 12
J=Y % [U;" cos cos (md) + Vf sin sin (md) ]an (2)
m=1n=m

With 4 for the maximum value of m, and 12 for the maximum value of n. For the external current
representation, we have:

Uy == (5B (+) 3)
Vi == (3 ) @)
And the internal current representation, we have:
0 = () (2 () ®)
Ve = () (e (&)™ ©

Where, R is the radius of the Earth in kilometers.

The value of a is the radius of a sphere whose surface is located where a current could flow to
give the fields described at the Earth’s surface by the SHA, hence the name “Equivalent
Current”™. It is believed that the dynamo current sources is in the ionospheric E- region (near
100km altitude). Because there is other evidence that the dynamo current source is in the

E-region ionosphere, near 100km altitude, the value of a = R and the ratio [% — 1] may be

omitted from the current computations (Campbell, 2003).

The transfer equations necessary for obtaining conductivity versus depth profile from
the separated external and internal SHA is given in Schmucker (1970) as:

m :
.C?1 =z —ip (7
a complex number in which the real (z) and imaginary (-p) parts are given by:

L - n(,::_ _ { A::‘[na:te—(n+1)a].E“!+Brn[En:a:e—(n+1)brl] } ®)
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Where R is the Earth’s radius in km, z and p are given in km and the coefficient sums are also
given by:

a*+a™=4" and b™ +Db™ =B" (10)
n n n n n
For each n, m sets of coefficients the depth in km to the uniform substitute layer is given by:
Im
dn =z-p (11)

And a substitute layer conductivity in Sm™ given by:

m  54x10°
ﬁ T —

n T e (12)

The data processing followed the steps shown below in Fig. 2.

Select Magnetically Quiet days

1
Obtain field record of X, Y, Z and their monthly mean values for five selected
quietest days.

'

Carry out a spectral (Fourier) analysis for each component and obtain spectral analysis (4
harmonics) of each Fourier (sine and cosine) coeflicients.

!
Carryout spherical harmonic analysis with degree n = 12, order m = 4 obtaining the Legendre
Polynomial external and internal coefficients.

'

Determine conductivity versus depth values for each day/month and for each pair of m
and n.

!

Regression fits for depth versus
conductivity profile.

Fig 2. Data Processing chart
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Fig 3 (a) Electrical Conductivity Depth Profile for DOU (b) Electrical Conductivity Depth
Profile for HRN

Figure 3 displays the Electrical conductivity-depth profile of the upper mantle and transition
zone based on the European solar quiet day vanation. The station Dourbes (DOU) is used to
represent the mid latitude stations, while Hornsund (HRN) is used to represent the high latitude
stations. The small squares represent the conductivity-depth computation results, while the solid
line 1s the regression fitted values. The scatter points in the plots were more concentrated within
the crust down to about 800 km. At greater depths beyond 800km, the density of the scatter tends

to reduce. The observed pattern of the scatter plots distribution could be as a result of the
variability of source current location, magnetic field contributions produced by sources
other than solar quiet time field conditions (such as lunar, Equatorial Electrojet, polar cap,
etc) error from SHA fitting, and error from field measurements. A polynomial trend line of
order 3 was fitted to the data points in order to get an average values from the many
scattered points.

The conductively depth profiles show a downward increase in conductivity from a depth of

75.48 km to about 1349.96 km at DOU and a depth of 75.48 km to 1845.69 km at HER.
The conductivity values at DOU showed a sharp increase from 0.026791sm-1 at 103.38km
to 0.129sm-1 at 137.24km, it increased to 0.142sm-1 at 160.84km and got to 0.178sm-1 at
203.61km. At HRN, the conductivity profile rose steadily from about 0.0179sm-1 at a
depth of 140.42km and increased gradually until it got to 0.0245sm-1 at 206.34km. This
high conductivity region agreed with the global seismic low velocity region, the
asthenosphere. Maximum conductivity observed was 0.395sm-1 at a depth of 1349.96km
at DOU and 0.1339sm-1 at a depth of 1845.69km at HRN. A discontinuity in the
conductivity values was observed between 432.63 and 699.6km, this region corresponds to
the mantle transition zone, which is part of the Earth’s mantle and located between the
lower mantle and the upper mantle between depths of 410 and 660km.
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The shape of the conductivity depth profile shows the upper mantle can be viewed as a
stack of inhomogeneous layer with downward increased in conductivity. This result is in
agreement with the global model which shows a sleep rise in conductivity from about
300km — 700km. (Didwall, 1984, Campbell, 1987, Campbell and schiffmacher, 1988,
Arora et al, 1995, Campbell et al, 1998, Neal et al, 2000, Campbell (2003), Obickezie
and Okeke 2010, Obora et al, 2013, Obiora and Okeke (2013), Obiora et al 2014, Ugbor
2014). There seemed to be some evidence of discontinuities near 100-200 km, 200—400
km, 400—600 km and 600-900 km and these locations are near phase change depths
identified on seismic records by Dziewonski and Anderson (1981) and Kennett and
Engdahl (1991).

In the work of Campbell et al (1998) in the Australian region, the conductivity profile
starts at 0.025sm-1 at a depth of 130km and rises gradually to about 0.045sm-1 at
250km. The profile then steepens to 0.11 sm-1 near 360km and rises more gradually to
about 0.13sm-1 at 470km. Obiekezie and Okeke (2010) worked in the West African sub
region and got a conductivity profile which rose rapidly from 0.037sm-1 at a depth of
100km to 0.09sm-1 at 205km. The profile then rose steadily till it reached 0.15sm-1 at
476km near the base of the upper mantle, 0.2sm-1 at 880km and 0.22sm-1 at 1200km at
the lower mantle. The general correspondence observed in this work between high
conductivity zone and low velocity zone, the asthenosphere is in agreement with the
global result of Tarits (1992). The main feature of the conductivity depth distribution in
the mantle revealed by global studies is a downward increase of conductivity between
depths of 300 and 1000km (Bott. 1982) which is also in line with the result of this work.

Having compared our results with data obtained in other regions of the world, we
therefore infer from our work that the most conductive layer of the Earth can be
obtained with two different regions viz. between the depths of about 229km to 470km
and layers beyond 1250km depth in the lower mantle.

Conclusions

The application of the solar quiet day ionosphere current has enabled us to determine
the conductivity depth structure of the upper mantle in the European region. The
following deductions can be made from the results:

1. The electrical conductivity increases downwards in agreement with the global models,
thereby attaining its maximum values in the lower mantle.

2. The most conductive layer of the Earth can be obtained with two different regions viz.
between the depths of about 229km to 470km and layers beyond 1250km depth in the
lower mantle.

3. The electrical conductivity depth profiles have a characteristics rise in electrical
conductivity towards 400 to 600km depth. This region corresponds to the mantle
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transition zone, which is part of the Earth’s mantle and located between the lower
mantle and the upper mantle between depths of 410 and 660km.

4. The rise in conductivity around the region between 100 — 200 km depth coincides with
the low velocity seismic layer revealed by previous studies.

5. There seemed to be some evidence of discontinuities near 100-200 km, 200—400 km,
400-600 km and 600-900 km and these locations are near phase change depths
identified on seismic records.
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