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Seismic oceanography



Basic Principles

1. Generate acoustic energy (controlled source)

2. Reflection and transmission occurs at interfaces

3. Record energy

4. Process

5. Interpret

Energy must penetrate at sub-critical angles...i.e. 

close to normal incidence



Body Waves: P-waves

Primary Wave: P wave is a compressional (or longitudinal) wave in 

which rock (particles) vibrates back and forth parallel to the direction of 

wave propagation.  P-waves are the first arriving wave and have high 

frequencies but their amplitude tends not to be very large



L. Braile, Purdue University

5 – 7 km/s in Earth's crust

> 8 km/s in Earth's mantle and core

1.5 km/s in water; 0.3 km/s in air



Body Waves: S-waves

Secondary Wave: S wave is a slower, transverse wave propagated by 

shearing motion much like that of a stretched, shaken rope. The rock 

(particles) vibrate perpendicular to the direction of wave propagation.  

They tend to have higher amplitudes and lower frequencies than P-waves.  

S-waves cannot travel through liquids (i.e., the outer core, the oceans)



L. Braile, Purdue University





How data 

were 

acquired

What has 

been done 

to it

What it can tell 

you...and what it 

cannot!

In a nutshell

acquisition processing interpretation

• Data acquisition may have imposed fundamental limitations on 

what can be achieved

• Processing can always be improved

+



Key elements

• Source

• Wavefront and rays (Huygens principle...)

• Receiver

• Reflecting interface

• Acoustic impedance

• Seismic trace

• Two-way travel time > depth

• Seismic velocity



• Each point on the wavefront serves as a secondary source

• The tangent surface of the expanding waves gives the wavefront at later times

Huygens Treatise on Light, 1690

Rays and wavefronts



Snell’s Law

Incident P-wave has amplitude A0, angle of incidence i



At i < critical angle, most of 

energy is transmitted - only small 

amount is reflected back at each 

interface

• Amplitude of subcritical 

reflections is very small

• Experiment designed to boost 
signal to noise ratio

Critical angles



Reflection coefficient: ratio of the reflected or transmitted amplitude to the 

incident amplitude

Reflection coefficient



Zoeppritz equations

To determine relative amplitudes, need displacements and 

stresses resulting from the wave fields

Acoustic impedances Z and W:  product of the 

density and seismic velocity



https://www.crewes.org/ResearchLinks/ExplorerPrograms/ZE/ZEcrewes2_2.html

https://www.crewes.org/ResearchLinks/ExplorerPrograms/ZE/ZEcrewes2_2.html


Reflection imaging in practice

Read: Kearey & Brooks, Chapter 4

Sections 4.4, 4.9, and 4.10



Key concepts

1. Convolution model

2. Shot gather vs. CMP gather

3. NMO and stacking

4. Migration

1. Surveys: sources and receivers



Convolution model

• Remove noise

• Determine/remove 

input pulse  = 

reflectivity function

• Determine velocity 

function: 

conversion from 

time to depth

• Determine 

acoustic 

impedances 

(density, velocity) 

of rocks



Shot gather

• Groups of seismic traces recorded from a common shot

• Useful initial QC step

• Note hyperbolic move-out on reflected arrivals...

First arrival

Reflected arrivals

Surface waves (noise)



Common mid-point (CMP) gather

Seismic trace: 

1) Source position

2) Receiver position

3) Subsurface reflection point

CMP approximation: reflection point lies vertically under the

position on the surface mid-way between the shot and

receiver for that trace



Noise, move-out, and stacking

Reflected seismic energy is usually very weak 

Need to increase the signal-to-noise ratio

If velocity is known, traces in a CMP can be corrected for NMO, to become 
equivalent of a zero-offset trace

Each zero-offset trace will have the same reflected pulses at the same 

times, but different amounts of random and coherent noise

Combining all traces in CMP gather together averages out the noise, 

leaves behind signal.  This is stacking



Normal move-out correction

• NMO corrected using a range of trial velocity values v1, v2, v3

• Cross-power is calculated as a function of v

• Stacking velocity produces peak cross-power





Migration

• CMP assumption: reflection point is located 

beneath the mid-point 

• Only if the reflector is horizontal...

• Migration reconstructs seismic section so that 

reflection events are repositioned under their 

correct surface location and at a corrected 

vertical reflection time

• Time migration:  vertical dimension = time

• Depth migration:  times converted into reflector 

depths using appropriate velocity



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
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