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Magnetic Field Nomenclature





 Geomagnetic Equator - The location around the surface of the
 Earth where the Earth's magnetic field has an inclination of zero
 (the magnetic field vector F is horizontal). This location does not
.correspond to the Earth's rotational equator

 Geomagnetic Poles - The locations on the surface of the Earth
 where the Earth's magnetic field has an inclination of either
 plus or minus 90 degrees (the magnetic field vector F is
 vertical). These locations do not correspond to the Earth's
.north and south poles

 Declination - The angle between north and the horizontal
 projection of F. This value is measured positive through east and
.varies from 0 to 360 degrees

 Inclination - The angle between the surface of the earth and F.
Positive inclinations indicate F is pointed downward, negative

 inclinations indicate F is pointed upward. Inclination varies from -90
.to 90 degrees





The Earth's Magnetic Field

 Ninety percent of the Earth's magnetic field looks like a magnetic
 field that would be generated from a  dipolar magnetic source
 located at the center of the Earth and aligned with the Earth's
 rotational axis. This  first order description of the Earth's magnetic
 field was first given by Sir William Gilbert in 1600. The strength of
 the magnetic field at the poles is about 60,000 nT. If this dipolar
 description of the field were complete, then the magnetic equator
 would correspond to the Earth's equator and the magnetic poles
 would correspond to the geographic poles. Alas, as we've come to
 expect from magnetism, such a simple description is not sufficient
for analysis of the of the

 .Earth's magnetic field
.
The remaining 10% of the magnetic field can not be explained in 
terms of simple dipolar sources. Complex models of the Earth's 
magnetic field have been developed and are  available. Shown 
below is a sample of one of these models generated by the USGS. 
The plot shows a map of  declinations for model of the magnetic 
field as it appeared in the year 1995*.



 If the Earth's field were simply dipolar with the axis of the dipole oriented along the
 Earth's rotational axis, all declinations would be 0 degrees (the field would always
 point toward the north). As can be seen, the observed declinations are quite
.complex
 As observed on the surface of the earth, the magnetic field can be broken into three
.separate components
 Main Field - This is the largest component of the magnetic field and is believed
 to be caused by electrical currents in the Earth's fluid outer core. For
.exploration work, this field acts as the inducing magnetic field

 External Magnetic Field - This is a relatively small portion of the
observed magnetic field that is
 generated from magnetic sources external to the earth. This field is
 believed to be produced by interactions of the Earth's ionosphere
 with the solar wind. Hence,  temporal variations associated with the
.external magnetic field are correlated to solar activity

 Crustal Field - This is the portion of the magnetic field associated with the
 magnetism of crustal rocks. This portion of the field contains both
 magnetism caused by induction from the Earth's main magnetic field
.and from  remanent magnetization
l







Rock Salt 0.01-

Calcite 0.01 - 0.001-
Sphalerite 0.4

Pyrite 5 - 0.05

Hematite 35 - 0.5

Illmenite 3500 - 300
Magnetite 19,200 - 1200
Limestones 3 - 0

Sandstones 20 - 0

Shales 15 - 0.01

Schist 3 - 0.3

Gneiss 25 - 0.1

Slate 35 - 0

Granite 50 - 0

Gabbro 90 - 1

Basalt 175 - 0.2

Peridotite 200 - 90

Material *(Susceptibility x 10^3 (SI

Air 0~

Quartz 0.01-

Rock Salt 0.01-

Calcite 0.01 - 0.001-

Sphalerite 0.4

Pyrite 5 - 0.05

Hematite 35 - 0.5

Illmenite 3500 - 300

Magnetite 19,200 - 1200

Limestones 3 - 0

Sandstones 20 - 0

Shales 15 - 0.01

Schist 3 - 0.3

Gneiss 25 - 0.1

Slate 35 - 0

Granite 50 - 0

Gabbro 90 - 1

Basalt 175 - 0.2

Peridotite 200 - 90



 Unlike  density, notice the large range of susceptibilities not only
 between varying rocks and minerals but also within rocks of the
 same type. It is not uncommon to see variations in susceptibility of
several

 orders of magnitude for different igneous rock samples. In addition,
like density, there is considerable

 overlap in the measured susceptibilities. Hence, a knowledge of
 susceptibility alone will not be sufficient to determine rock type,
 and, alternately, a knowledge of rock type is often not sufficient to
.estimate the expected susceptibility

 This wide range in susceptibilities implies that spatial variations in
 the observed magnetic field may be readily related to geologic
 structure. Because variations within any given rock type are also
 large, however, it will be difficult to construct corrections to our
 observed magnetic field on assumedsusceptibilities as was done
 in constructing some of the fundamental gravitational

.(corrections (Bouguer slab correction and Topographic corrections
d 











reconstruction of continental motion using Geocentric Axial 
Dipole (GAD) hypothesis 





The IGRF Model
GO TO THE IGRF SYNTHESIS FORM

(The International Geomagnetic Reference Field (IGRF
The IGRF is a global model of the geomagnetic field. It allows spot values of the geomagnetic field 
vector to be calculated anywhere from the Earth's core out into space. The IGRF is generally revised 
every five years by a group of modellers associated with the International Association of 
Geomagnetism and Aeronomy (IAGA).
The IGRF program prompts for a number of input parameters. It requires the latitude and longitude 
of the position where you want geomagnetic field values. These must be supplied in either degrees 
and minutes (two integers) or decimal degrees. For negative latitudes and longitudes it is necessary 
to only supply the figure for degrees as negative, (except for zero degrees). The date must also be 
given in decimal years. The 12th Generation IGRF will accept dates in the range 1900 to 2025.
The program asks whether you are supplying geodetic or geocentric latitude and longitude. The 
'usual' values defining positions on the Earth's surface are geodetic coordinates. If you specify 
geodetic coordinates then the height in kilometres above the WGS84 spheroid is also required. If 
you only know the height above mean sea level that should be used as the difference in total 
intensity is very small (mostly less than 1 nT with maxima less than 3 nT). If you specify geocentric 
coordinates then the geocentric distance in kilometres is required.
The program then calculates the geomagnetic field values, and their rates of change (secular 
variation) according to the options ticked, at the position and time specified and displays these on 
the screen. 

http://geomag.bgs.ac.uk/data_service/models_compass/igrf_form.shtml
http://www.ngdc.noaa.gov/IAGA/vmod/igrf.html
http://www.ngdc.noaa.gov/IAGA/vmod/igrf.html


BGS Global Geomagnetic Model
What is it?
The BGS Global Geomagnetic Model (BGGM) is a mathematical model of the 
Earth's magnetic field in its undisturbed state. It is revised every year to allow 
for the inclusion of new data collected since last revision and any development 
of the modelling methodology. With annual revisions it is also possible to 
minimise errors arising from predicting the field at some date after the time 
span of input data. The BGGM includes long to medium wavelength crustal field 
but does not include the short wavelengths of the crustal field, or the rapidly 
varying external field.
What is it for?
The BGGM is widely used in the oil industry for directional drilling with 
Measurement-While-Drilling (MWD) magnetic survey tools. These tools measure 
the direction of the well-bore relative to the direction of the local geomagnetic 
field and are used to navigate wells towards precisely known underground 
targets. The local geomagnetic field is determined using the BGGM and the 
MWD data can then be used to give the drilling location in a geographic 
reference frame. An enhancement of this is to determine the local crustal field 
using either local absolute observations of the geomagnetic vector or 
transformation of local total intensity data collected during an aeromagnetic or 
marine survey. A further enhancement is to take account of the rapidly varying 
external field using nearby observatory data. These enhancements are referred 
to as In-Field Referencing (IFR)/IFR1 and Interpolation In-Field Referencing 
(IIFR)/IFR2 respectively.

For further information please contact us at: bggm@bgs.ac.uk.
Susan Macmillan - Project Leader

http://geomag.bgs.ac.uk/data_service/directionaldrilling/ifr.html
mailto:%20bggm@bgs.ac.uk
http://www.bgs.ac.uk/staff/profiles/1039.html

