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Introduction
The science of geophysics is based on the principles of physics to the study of the
whole of earth e from the deepest interior to the surface.

The subject of geology, geography, geochemistry and geophysics together play a key
role in earth science.

The former two disciplines involve direct observations of rock exposures on the
surface or subsurface workings or borehole cores.

These are more often descriptive and qualitative. Geochemistry is partly descriptive
and mainly quantitative.

The geophysical tools operate much above the ground from aircraft or helicopter
platform fitted with multisensors or on the ground in general.

Geophysics is the application of physical principles and methods to problems in Earth
Sciences

Geophysical studies are always quantitative and involve real measurements based on
the variation of response pattern or contrast of propagating waves passing through
nonhomogeneous medium.

The propagation parameters are seismicity, density, magnetic susceptibility, electrical
conductivity, resistivity, electromagnetic (EM) and radiometric radiance.



Passive versus Active methods

Passive methods:
Use naturally present sources/fields to investigate properties of the
subsurface

Examples:
Gravity
Earth’s magnetic field
Earthquakes

Active methods:
Use man-made source to image structure of subsurface

Examples:
Dynamite, air guns, …
EM waves
Electrical currents



Applied geophysics

To select the most appropriate geophysical method to investigate a

certain task/problem, following aspects need to be considered:

What are the relevant physical properties? (porosity, pemeability,

seismic velocity, density, …)

What spatial scales are relevant?

What are the field conditions? (e.g. urban, offshore, …)

Which acquisition geometries are optimal? (e.g. 2D vs 3D seismics)

Is there useful a priori information?

Is there a cheaper alternative?

The answer to these questions will depend strongly on the

particular task/problem



Why 
geophysics?





Applied geophysics infers property contrasts inside the earth 
from surface (borehole) measurements
 Remote sensing





Be aware of biased data!

The data need to record the 
true signal

Noise is also an issue



Be aware of a biased interpretation!

A physical theory calculates observables given appropriate model 
parameters and theory  forward modelling
The inverse problem is often non-unique!

Several geophysical methods 
should be used together

Interpretation requires 
geological knowledge



Seismic methods
Mainly measure travel times and 
amplitudes which depend on density 
and elastic moduli



Seismic methods
Mainly measure travel times and 
amplitudes which depend on density 
and elastic moduli





Potential Field methods

Gravity measures spatial variations of the gravitational field due to 
lateral variations in density.





Potential Field methods

Geomagnetics measures spatial variations of the intensity of the 
magnetic field due to lateral variations in magnetic susceptibility.





Electro magnetics



Ground penetrating 
radar

measures travel 
times of reflected 
radar waves

velocity is 
controlled by the 
dielectric constant


