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C E O I D

The gravitational potential of a planet is determined by the mass
distribution within it (see Gravity ñelds of the terrestrial planets).
Any non-radially symmetric density distribution will produce inegularly
shaped equipotential or level surfaces.

In the absence of winds, currents and othe¡ oceanographic per-
turbations, the Earth's ocean surface is one such surface and, as such,
it provides a natural definition for the shape of the Earth. This is the
geoid; defrned as that equipotential surface corresponding to the
mean sea surface ove¡ the oceans and, on the continents, as the
surface that would be defined by 'a series of criss-crossing free-
flowing canals in open connection to the sea'.

Because of its rotation, the Earth is permanently deformed and the
geoid can, in a first approximation, be represented by an ellipsoid of
revolution, with its short axis along the rotation axis, and with a
geometric flattening / of

l: ß. _ R")/R,, _ l/300
where R. and Rn are the mean equatoriaì and polar radii of the planet
respectively. This ellipsoid provides a convenient reference with
respect to which the geoid can be defined in terms of geoid height; the
separation N between the two surfaces (Figure Gl1). For most geodetic
work the parameten/and R. are chosen so as to minimize these geoid
heights over the globe. Best fi tting values are / = 1.1 (298.27 5 t 0.001 )
and R. :  6378.136 + 0.001 km.

Departures of the geoid from this surface a¡e then of the order of
100 m. For geophysical work a more appropriate reference figure is
the hydrostâtic equilibrium configuration of a rotating body whose
size, radial density distribution and rotatiorial velocity conesponds to
the actual Earth, for now the geoid anomalies reflect directly the
departures of the planet from hydrostatic equilibrium (see Gravity
fields of the terrestrial planets). If the density distributions-are
specified, then these reference figures also serve as a model for the
external gravity 6eld.

rùr'hile the geoid is defined in terms of the shape of the ocean, free
from any oceanographic perturbations, this surface will lie partly
within the crust of the continental areas and its mathematical
extension to the continents does not have a unique deñnition, being a
function of the lateral and radial density distribútion within the cruit.
For most practical purposes, the geoid over co¡-¡tinents is defined by
geodetic leveling, which determines the height differences between
surfaces of different potentials, and by simple mathematical models
for the variation of gravity within the crust. Ou-tside of the Earth the

Figure Cl1 Definition of geoid height N. Cravity is measured at.O
on the Earth's surface at height h above the geoid and is proiected
along the vert¡cal to P Gp). The geoid lies at a distance N from the
refeónce ellipsoid. ThJtheoretiãal grav¡ty at the proiection of P
onto this ellipsoid at Q is 1q. The angle e is the deflection of the
ventcal.

grávitational potential is everywhere defined. I-ines orthogonal to the
equipotential surfaces specify the di¡ection of the gravity vector,
the vertical or direction of the plumb line.

The measurement'of the shaþe of the geoid has traditionally been
carried out from gravity measuÍements taken on the Earth's surface
or from astronomical measurements of the deflection of the vertical
(Figure Gl1), which is the angle between the local vertical and the
normal to the reference ellipsoid. The global mapping of the extemal
equipotential surfaces has also become possible from analyzing the
gravitational perturbations in the motion of close Earth satellites and
from a direct mapping of the shape of the ocean surface using
satellite-mounted radar altimeters (see Gravity fields of the terrestrial
planets). Figure G12 illustrates the long-wavelength characteristics of
the geoid.

In gravity surveys and gravity field inte¡pretations the concept of
the geoid is important. Gravity is measured on the Earth's surface at
a height lr, measured by spirit leveling, above or below the geoid.
Thus, measurements go can be reduced to values go on the geoid using
the free-air and Bouguer corrections (see Grâvity fields of the
ter¡estrial planets). The geoid at P (Figure G11) lies at a distance N
from the refe¡ence ellipsoid, but this will generally be unknown until
computed from a regional geoid model, which itself requires gravit-v
measurements throughout the region. The gravity anomaly Ago is
the¡efore defined as

a 8 n = 8 o - " Y o

where 16 is the theoretical gravity corresponding to the adopted
reference ellipsoid at the projection Q of the poiñt P on to the
ellipsoid. These gravity anomalies are tyPically of the order of
10-'3 m s-2 or aboît l0'0 mgal (gravity anohaliés are conveniently
expressed in milligals where 1 mgal = l0-' m s-').

îhc geoid over the oceans is also an imponant concept in
oceanography. The shape of the sea surface will exhibit many
inegularitiesbecause of ánomalous density structures in the crust and
mantle, but smaller irregularities, primarily of a time-dependent nature'
are caused by oceanográphic processes including water movements and
density changes. To meàsure the longer-term ðhanges in the shape. of
the ocêans, the geoid must be defined with a high precision and high
spatial resolutioì; this is now achieved with satellite-borne radar
altimeters combined with other space methods for mapping the
gravity fields (see Gravity fields of the terrestrial planets).

The concept of the geoid is also extended to the other planets'
where the shãpe of their equipotential surfaces can be mapped from
the analysis oÍ the accelerátions experienced by planetary orbiters,
although the convenient analogy of one of these surfaces with a
ohvsicãl surface such as the ocean does not exist. Fo¡ Mars the
ief-erence ellipsoid of revolution adopted usually corresponds _to
the expected hydrostatic equilibrium state for the planet, and the
equipoiential reference surfáce is mathematically defrned as one with
zeio'mean departure from the reference surface. The treatment for



CEOMACNETIC POLARITY REVERSALS AND THE CEOLOCICAL RECORD
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Figure G12 Long-wavelength var iat ions in the shape of  the Earth,  the geoid,  expressed re lat ive to a best- f i t t ¡ng el l ipsoid according to a
recent solut ion by C. Balmino and C. Reigber.  Contour interval  in meters.

slowly rotating Venus is simpler: since it does not possess a rotational
bulge, the adopted reference surface is a sphere. For the Moon,
permanently deformed by the Earth's gravitational attraction, the
reference figure is a triaxial ellipsoid with the major axis directed
towards the Earth and the minor axis corresponding to the lunar
rotation axis.

Kurt  Lambeck
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