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Migration

• Reflection events mapped directly beneath CMP

• BUT, could lie anywhere on a semi-circle centered on 

source–detector position

• Arcs of circles (wavefront segments) through all the 

mapped reflection points enables the actual reflector 

geometry to be mapped







Sampling rate and Nyquist frequency



Vertical Resolution



Tuning thickness



At sea



Survey key components



Typical Marine Seismic Sources

Sercel airgun array: ~5 – 50Hz

Older techniques no longer used:

• Dynamite (!) 

• Compressed air sleeve exploder

Sparker (GEOSOURCE 200)

Source characteristics 
vary considerably with 

depth.

Sub-bottom 

acoustic profiler 2 

– 20 kHz



Marine airgun

• Pressure: ~2000+ psi

• Volume 4,000-10,000 in3

• Shots every 10-20 seconds



Airgun noise and fin whale calls

Nieukirk et al., 2012



Source tuning

• Multiple airguns used to produce source

• Want to avoid bubble ringing, and noise

• Generator-injector (GI) guns control bubble collapse 



Source ghost





(1) Linearly proportional to the number of guns in the 

array. All else being equal, a 40-gun array generates 

twice the amplitude of a 20-gun array.

(2) Close to linearly proportional to the firing pressure of 

the array. A 3000-psi array has 1.5 times the amplitude of 

a 2000-psi array.

(3) Roughly proportional to the cube root of its volume.

Air-gun array strength







Modern 3D Acquisition Vessels  

Ramform Atlas, courtesy PGS AS



12 x 9km 
@12.5m

Dense multi-measurement 
streamers

1 x 

3000m 

@25m

Courtesy of David 
Monk

Apache Corporation

M/V Langseth, L-DEO
4 x 6km @ 12.5m

SIO 
(2018)



Seismic sources



Acoustic source

• Size / volume

• Energy

• Directivity

• Repeatability

• Shape / frequency content



Recording

• Cable or streamer, 2d or 3d

• Can be several km long, hundreds of channels (hydrophones)

• Digital/optical fiver with buoyant casing

• Depth ~10-15 m

• Towed slowly, carefully...expensive!



Streamer and ‘birds’



On land...



Vibroseis sweep: 10–60 Hz, 5–40 s

sweep function v(t)

Earth response function G(t)

u(t) = convolution v(t) ∗ G(t)

u’(t) = cross-correlation v(t) ⋆ u(t)



Typical Land Seismic 

Receivers

vertical geophone
3-component geophonehorizontal geophone

Many geophones are 

usually deployed.

Modern sensors have 

a dynamic range of at 

least 110 dB.





CO2 sequestration: Sleipner Field, Norway



CO2 sequestration time–lapse seismic

White et al., 2018



CO2 sequestration time–lapse seismic

White et al., 2018



CO2 buoyant infill

White et al., 2018



Academic 
Seismic Portal

https://www.marine-geo.org/collections/#!/collection/Seismic#summary



EBAM / Cruise MGL1408 (2014) 





Marjanović et al., 2023

• Magma bodies in 3-dimensions 

at the East Pacific Rise

• 2008 experiment, only 2 to date



Marjanović et al., 2023



Software: SeismicUnix

https://wiki.seismic-

unix.org/doku.php

https://wiki.seismic-unix.org/doku.php
https://wiki.seismic-unix.org/doku.php


Software: OpendTect

https://www.dgbes.com/in

dex.php/software#free

https://www.dgbes.com/index.php/software%23free
https://www.dgbes.com/index.php/software%23free
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