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Oppbygging av kurset

• Geofysiske undersøkelsesmetoder (MH, ØP)
– Teori
– Praktiske øvelser

• Syntetisk seismikk (MH, JJ)
– Innledning
– Feltkurs Ringerike

• Tektonikk og Sedimentasjon (JPN, JJ)
– Innledning
– Feltkurs Mjøsa-traktene

• Geologiske Feltmetoder (ON)
– Forelesninger
– Feltkurs Nevlunghavn



Geofysiske undersøkelsesmetoder

• Mål: Praktisk innledning i de viktigste geofysiske 
metodene som blir brukt i industrien og 
forskningen

• Arbeidsplan:
– Forelesning: Innføring geofysiske metoder (26.3)
– Praksis:

• Seismisk tolkningsøvelse (27.3; 1 dag)
• Innsamling seismikk øvelse (29.3; 1 dag)
• Innsammling tyngdeanomali øvelse (30.3; 1 dag)



Geofysiske undersøkelsesmetoder

• Teori
• Innsamling og Prosessering
• Styrke og Svakheter



Geofysiske undersøkelsesmetoder

• Passiv:
Metode som bruker Jordens naturlige egenskaper, f.e. 
tyngde og magnetisme

• Aktiv:
Metode som krever input av kunstig generert energi, f.e. 
innsamling av seismisk refleksjons data

• Mål med geofysikk
er å lokalisere eller oppdage tilstedeværelsen av
strukturer og legemer som befinner seg under 
jordoverflaten og bestemme deres størrelse, omfang, 
dybde og fysiske egenskaper (tetthet, hastighet, 
porositet o.l.) + væske innhold



Geofysiske undersøkelsesmetoder
Metode Engelsk Parameter som

måles
Fysiske egenskap Anvendelse

Tyngde Gravity

Magnetics

Seismic

Electro-
magnetics

Electrical
-Resistivity

-Self 
Potential

Romlige variasjoner i 
styrken til Jordens
tyngdefelt

Tetthet

Radar

Fossile brennstoffer
Mineral avsetninger
Konstruksjon

Fossile brennstoffer
Metalliske mineral 
avsetninger
Konstruksjon

Fossile brennstoffer
Mineral avsetninger
Konstruksjon

Fossile brennstoffer
Metalliske mineral 
avsetninger

Utbredt brukt, bl.a. i 
brønnlogging

Elektro-
magnetisme
(SeaBed
Logging)

Respons til
elektromagnetisk
stråling

Elektrisk
ledningsevne/mot-
stand
og induktanse

Miljø
Konstruksjon

Elektrisk
-Motstand

-Egenpotensial

Jordens motstand

Elektriske potensialer

Elektrisk motstand

Elektrisk
ledningsevne

Radar Gangtid av reflekterte
radar pulser

Magnetisme Romlige variasjoner i 
styrken til det
geomagnetiske felt

Magnetisk
mottagelighet
og “remanence”

Seismikk Gangtid av
reflekterte/refrakterte
seismiske bølger

Seismisk hastighet
(og tetthet)

Dielektrisk
konstante
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Gravity

• Gravity surveying measures spatial variations in 
the Earth’s gravitational field caused by 
differences in the density of sub-surface rocks

• In fact, it measures the variation in the
accelaration due to gravity

• It is expressed in so called gravity anomalies (in 
milligal, 10-5 ms-2), measured in respect to a 
reference level, usually the geoid

• Gravity is a scalar



Gravity: Newton’s Law of Gravitation

• Newton’s Universal Law of Gravitation for 
small masses, m1 and m2 separated by a 
distance r, at the earth surface:

– With G (’big gee’) is the Universal Gravitational
Constant: 6.67x10-11 m3/kg1·s2
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Gravity: Earth
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• Spherical
• Non-rotating
• Homogeneous g (’little gee’) is constant!



Gravity

• Non-spherical Ellipse of rotation
• Rotating Centrifugal forces
• Non-homogeneous

– Subsurface heterogeneities
– Lateral density differences in the Earth

g (’little gee’) is NOT constant



Gravity units
• An object dropped at C falls 

with a little greater acceleration
than at P

• Difference in acceleration can
be measured:

• Here: δg = 1.048·10-6 m/s2

• Small values, therefore we
measure gravity anomalies in 
milliGals (mGal), or gravity
units, g.u.

• 1 mGal = 10 g.u. = 10-5 m/s2 ~ 
10-6·g
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Gravity
anomalies

The Gravity anomaly is positive if
the body is more dense than its
surroundings, negative if less

Gravity is a scalar: 
the combined pull 
has approx. the

same direction as 
the Earth pull; we
measure therefore

only the size, or 
magnitude, of g

P

FE

Fb

FC = combined force

pull of rest 
of Earth

total pull of excess
mass of body

vertical component of Fb



Gravity anomalies of specific bodies
sphere & horizontal cylinder at different depths



Gravity anomalies of specific bodies

sheets (dykes or veins)



Gravity anomalies of specific bodies
horizontal sheet/slab

tG2g ρΔπ=δ



Gravity anomalies of specific bodies

horizontal half-sheet/half-slab

tG2g ρΔπ=δ



Gravity anomalies of specific bodies

horizontal layers offset by vertical faulting

Δρ = ρ1 - ρ1 = 0

Δρ = ρ3 – ρ1

Δρ = ρ3 – ρ3 = 0

Δρ = ρ2 – ρ1

Δρ = ρ2 – ρ3

Δρ = ρ4 – ρ3

Δρ = ρ4 – ρ5

Δρ = ρ2 – ρ1

Δρ = ρ2 – ρ3

Δρ = ρ4 – ρ3

Δρ = ρ4 – ρ5

tG2g ρΔπ=δ



Measurement of Gravity

• Absolute gravity difficult to measure
• Relative values of gravity, i.e. difference of

gravity between locations is simpler and 
standard procedure in gravity surveying

• Absolute value at a location is obtained by 
measuring the relative gravity between
that location and a location with a known
absolute gravity value (IGSN, 1971)



Measurements of Gravity

• Spring or Beam
– Hooke’s Law:

• mδg = kδs
with k is the elastic spring 

constant

• Corrections
– Instrumental drift and 

tidal
– Latitude
– Elevation
– Eötvös

m
m

m·g m·(g+δg)

Extension = δs



Gravity meter at IG, UiO
LaCoste & Romberg Model G



Gravity correction - Drift
• Correction for instrumental drift 

and tidal influence is based on
repeated reading at the base 
station (red dots) at recorded
times during the day

• Drift correction, d, is subtracted
from the observed value

• After drift correction, the
difference in gravity between
an observation point and the
base is found by multiplication
of the difference in meter 
reading with the calibration
factor of the gravimeter

Time
G

ra
vi

ty
re

ad
in

g

Reading at Time, t

t

d = drift correction
value



Gravity correction - Latitude
• Latitude (λ)correction is necessary because of the rotation of the

Earth
– Centrifugal forces tend to fling bodies away depending on the distance

from the axis, being a maximum at the equator decreasing to zero at 
the poles

– Due to centrifugal forces, the Earth is not spherical but slightly
flattened, causing an equatorial bulge. Therefore, g is smaller at the
equator

• Combined effect can be expressed in a formula (International
Gravity Formula):

• For surveys not extending more than some tens of kilometers, the
variation can be regarded as simply proportional to distance:

( ) mGalsin0000059.0sin0053024.018.978031g 22 λ−λ+=λ

polewardskm/mGal2sin812.0g λ=δ

gλ,Blindern = 981912.25



Gravity correction - Eötvös
• Only needed if gravity is measured from a moving vehicle, like a 

ship or air-plane
• The motion of the vehicle causes a centrifugal force, depending

on which way the vehicle is moving
• The correction is:

− with v is the speed in km/h
− λ is the latitude
− α is the direction of travel measured clockwise from north, since only

E-W motion matters

• For 55°N, the correction is about +2½ mGal for each km/h in an 
east-west direction

mGalv001211.0cossinv040.4g 2
Eötvös +λα=δ



Gravity correction - Elevation
• Correction is necessary for changes in elevation; three

separate effects have to be taken into account:
– Free-air correction (FAA)
– Bouguer correction (BC) Bouguer Anomaly
– Terrain correction (TC)
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g decreases with 0.3086 mGal/m
FAC = 0.3086·h mGal
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Pull of H reduces g
δg = gA’ – gc = 2πGρh

BC = 0.04192 ρh mGal



Gravity Anamolies

• Free Air Anomaly (FAA):

= gobs – gλ + FAC (± EC)

• Bouguer Anomaly (BA)

= gobs – gλ + FAC - BC (+ TC ± EC)



residual anomaly = observed field – regional field

signal  vs. noise
residual anomaly vs. regional field/anomaly

concepts depending on the survey target interest

background
value of g

Residual and Regional anomalies



signal  vs. noise
residual anomaly vs. regional field/anomaly

concepts depending on the survey target interest

Residual and Regional anomalies

By filtering away the
large wavelenghts of
the regional field, we
obtain gravity
anomalies that
represent small 
scaled bodies at 
shallow depth



NGU, 1992

Bouguer Anomaly map
Southern Norway



Magnetics
• Magnetic surveying aims to investigate the subsurface 

geology by measuring the strength or intensity of the Earth’s 
magnetic field.

• Lateral variation in magnetic susceptibility and remanence
give rise to spatial variations in the magnetic field

• It is expressed in so called magnetic anomalies, i.e. 
deviations from the Earth’s magnetic field.

• The unit of measurement is the tesla (T) which is volts·s·m-2

In magnetic surveying the nanotesla is used (1nT = 10-9 T)
• The magnetic field is a vector
• Natural magnetic elements: iron, cobalt, nickel, gadolinium
• Ferromagnetic minerals: magnetite, ilmenite, hematite, 

pyrrhotite

















NGU, 1992

Magnetic Anomaly map
Southern Norway



Electromagnetics

Electromagnetic methods
use the response of the
ground to the propagation
of incident alternating 
electromagnetic waves, 
made up of two
orthogonal vector
components, an electrical
intensity (E) and a 
magnetizing force (H) in a 
plane perpendicular to 
the direction of travel



Electromagnetics

Transmitter Receiver

Primary field Secondary field

Conductor

Primary field

Electromagnetic anomaly = Primary Field – Secondary Field



Electromagnetics – Sea Bed Logging

SBL is a marine electromagnetic method that has the ability to map the 
subsurface resistivity remotely from the seafloor.
The basis of SBL is the use of a mobile horizontal electric dipole (HED) source 
transmitting a low frequency electromagnetic signal and an array of seafloor 
electric field receivers. 
A hydrocarbon filled reservoir will typically have high resistivity compared with 
shale and a water filled reservoirs.
SBL therefore has the unique potential of distinguishing between a 
hydrocarbon filled and a water filled reservoir



Reflection Seismology

• Principle of reflection seismology
– What is reflection seismology
– Seismic wave propagation
– Acquisition – collecting seismic data
– Prosessing

• Limitations and Pitfalls
– Resolution (Horizontal and Vertical)
– Velocity Effects (Seismic velocities – Depth

Conversion
– Geometrical Effects (Migration)
– Seismic Modelling (Synthetic seismograms)

• 2D vs. 3D seismic reflection



Reflection Seismology



Reflection Seismology



Reflection Seismology



Reflection Seismology

• Spherical spreading
• Absorption
• Transmission/conversion



Reflection Seismology
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Reflection Seismology



Reflection Seismology



Reflection Seismology







Reflection Seismology

• Shotpoint interval 60 
seconds

• 25-120 receivers
• Sampling rate 4 

milliseconds
• Normal seismic line 

ca. 8 sTWT



Reflection Seismology













Reflection Seismology

• SEISMIC PROSESSING
– The objective of seismic prosessing is to 

enhance the signal-to-noise ration by means
of e.g. filtering



Reflection Seismology

• Limitations and Pitfalls
– Interference
– Horizontal and Vertical Resolution
– Velocity Effects
– Geometrical Effects
– Multiples



INTERFERENCE



Reflection Seismology

Interference



Reflection Seismology
Interference



VERTICAL RESOLUTION



Reflection Seismology

100 Hz

67 Hz

40 Hz

Wavelength increases
with depth

Frequency decreases

Reduced vertical resolution

f           v          λ           λ/4           z   

100 Hz    2 km/s      20 m           5 m         ~250 m

40 Hz     4 km/s     100 m        25 m        ~2250 m



Reflection Seismology

(Brown 1999)



Reflection Seismology

(Brown 1999)



Reflection Seismology



HORIZONTAL RESOLUTION



Reflection Seismology



Reflection Seismology

~25 m

~690 m

~2500 m



Reflection Seismology



Reflection Seismology



GEOMETRICAL EFFECTS



Reflection Seismology



Reflection Seismology











VELOCITY EFFECTS













MULTIPLES









Magnetics

• Magnetic
susceptibility

a dimensionless
property which in 
essence is a 
measure of how
susceptible a 
material is to 
becoming
magnetized

• Sedimentary Rocks
– Limestone: 10-25.000
– Sandstone: 0-21.000
– Shale: 60-18.600

• Igneous Rocks
– Granite: 10-65
– Peridotite: 95.500-196.000

• Minerals
– Quartz: -15
– Magnetite: 70.000-2x107



Magnetics

• Induced and 
remanent
magnetization

• Intensity of
magnetization, J

• Magnetic anomaly = 
regional - residual

H
Ji

Jres
Jr


	Felt- og metodekurs i geologi og geofysikk
	Oppbygging av kurset
	Geofysiske undersøkelsesmetoder
	Geofysiske undersøkelsesmetoder
	Geofysiske undersøkelsesmetoder
	Geofysiske undersøkelsesmetoder
	Litteratur
	Gravity
	Gravity: Newton’s Law of Gravitation
	Gravity: Earth
	Gravity
	Gravity units
	Gravity anomalies
	Gravity anomalies of specific bodies
	Gravity anomalies of specific bodies
	Gravity anomalies of specific bodies
	Gravity anomalies of specific bodies
	Gravity anomalies of specific bodies
	Measurement of Gravity
	Measurements of Gravity
	Gravity meter at IG, UiO�LaCoste & Romberg Model G
	Gravity correction - Drift
	Gravity correction - Latitude
	Gravity correction - Eötvös
	Gravity correction - Elevation
	Gravity Anamolies
	Residual and Regional anomalies
	Residual and Regional anomalies
	Bouguer Anomaly map�Southern Norway
	Magnetics
	Electromagnetics
	Electromagnetics
	Electromagnetics – Sea Bed Logging
	Reflection Seismology
	Reflection Seismology
	Reflection Seismology
	Reflection Seismology
	Reflection Seismology
	Reflection Seismology
	Reflection Seismology
	Reflection Seismology
	Reflection Seismology
	Reflection Seismology
	Reflection Seismology
	Reflection Seismology
	Reflection Seismology
	INTERFERENCE
	Reflection Seismology
	Reflection Seismology
	VERTICAL RESOLUTION
	Reflection Seismology
	Reflection Seismology
	Reflection Seismology
	Reflection Seismology
	HORIZONTAL RESOLUTION
	Reflection Seismology
	Reflection Seismology
	Reflection Seismology
	Reflection Seismology
	GEOMETRICAL EFFECTS
	Reflection Seismology
	Reflection Seismology
	VELOCITY EFFECTS
	MULTIPLES
	Magnetics
	Magnetics

