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Kearey & Brooks – Chapter 4 

Seismic reflection surveys 
Seismic reflection surveys use controlled sources to generate sound waves that are 
reflected back to Earth’s surface from density and velocity discontinuities at depth. 

•  Small-scale: weathering layer, high-resolution sequence stratigraphy (onlap/
offlap), seismic geomorphology (paleodrainage), sedimentary stuctures (salt 

domes, reef complexes, deltas), diagenetic fronts, sedimentary facies. 
•  Medium-scale: sedimentary basin architecture (imaging of basement) 

• Large-scale: Reflectivity of the lower crust (rheological boundaries, fluids?), 
Moho (continuous or discontinuous?), mantle structure down to core. 

Uses : 

Seismic reflection surveys 
Seismic reflection surveys use controlled sources to generate sound waves that are 
reflected back to Earth’s surface from density and velocity discontinuities at depth. 



Seismic reflection surveys 

Sources and receivers (onshore) 

Geophone Buffalo gun  (explosive) Hammer and plate 

Vibroseis trucks 

Auger 

source source 

source 

receiver 



Offshore (3D survey)!

Gun 1 
Gun 2 

Gun 3 

Bolt 16.4 l. 120 b  

12 streamers,  
3-12 km long  

6 x G-guns 
sizes: 4.3, 6.3, 8.5 l. 210 b  

Vibroseis and airgun source frequencies 

!Vibroseis and airguns are sources with amplitude spectra in the range 10-200 Hz. 
Because attenuation increases with frequency, low frequency (=long wavelength) waves 

penetrate deeply, are useful for deep studies. High frequency for shallow studies. 

The!
The seismic/acoustic spectrum 

e.g. Airgun bubble: Pulse length = 0.02 s. Frequency = 50 cycles/s = 50 Hz 



Snell’s law, critical angle ic and the conditions for reflection 
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i < ic, → refraction& reflection
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Snell�s law 

Source 

WANTED: earth structure as a 
function of depth 

Common Shot Gather 

Yilmaz (2001) 

shot 1 shot 2 

a reflection 
present on all 
traces 

each shot consists 
of n traces 
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This gives the Normal MoveOut (NMO) in time for a particular offset x and interval velocity V1. 
The NMO can be calculated for a range of candidate velocities and the best fit found, i.e., the 
stacking velocity (which “raises” the wiggles along the dotted line to level of the dashed line).   
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                 Subs : 2y = V1T0
    where T0  is the time at  zero offset
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Normal MoveOut (NMO): TReflected – T0 
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RMS velocity: apparent (averaged) velocity of the entire column 

For multiple flat layers, reflected waves at a 
deep interface undergo refractions at shallower 

interfaces. 
 

The shape of the traveltime curve is still 
(almost) a hyperbola, from which a NMO can be 
read off. There is a simple formula to calculate 
the “composite” velocity VRMS of a single layer 

that would have produced this NMO.  

Low velocity/shallow reflector 

High velocity/deep reflector 

NMO 

The interval velocity of the nth layer  
can be calculated from the RMS  
velocity of the n layers involved.  

VRMS n 

Stacking improves signal-to-noise ratio of weak reflection signals 

Fold = number of traces in 
a trace gather 

Fold =
1
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receiver  spacing × number  of  receivers
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Increasing the fold by a factor of n increases the signal/noise ratio by a factor of √ n. 
Coherent signal is enhanced. Random noise tends to cancel out.  

Typical folds: 12-48 (Academia), 60-240 (Industry) 

Data example: traces obtained by students in a hammer-blow seismics practical.  
Number of receivers =12, shot = receiver spacing = 5 m, fold = 6  



Common Depth Point (CDP) gather 

   Problem: We want to probe the 
earth at a certain subsurface point 

on the reflector, a “Common 
Depth Point” (CDP). But every 
shot samples n different points. 

Idea: gather together traces from 
different shots that 

(approximately) sample the 
Common Depth Point. 

N.B. Source and receivers move 
together (because they are all 
towed by a ship that moves). 

 
Common Depth Point gather 

CDP 

Common Source Gather of shot #1 CDP Gather at absolute position 1875 m 



Velocity model analysis (or “semblance analysis”):  
Determining the layered structure of the subsurface 

Original CDP gather After NMO correction Velocity 
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RMS velocity: apparent (averaged) velocity of the entire column 

For multiple flat layers, reflected 
waves at a deep interface undergo 
refractions at shallower interfaces. 

The NMO correction for the nth layer 
is given by : 

Low velocity/shallow reflector 

High velocity/deep reflector 

NMO 

NMOn =
x2

2VRMSn
2 T0n

Vn
2 =

VRMSn
2 T0n −VRMSn−1

2 T0n−1
T0n − T0n−1

The interval velocity of the nth layer  
can be calculated from the RMS  

velocity of the n layers involved using 
Dix�s equation: 

Note: when n=1 (i.e. there is only 
one layer) V1=VRMS where VRMS is the RMS velocity 

VRMS n 



Data processing 

CDP GATHER 

GAIN RECOVERY 

DECONVOLUTION 

NMO CORRECTION VELOCITY ANALYSIS 

MUTE 

STACK 

FILTER 

AMPLITUDE BALANCE  

DISPLAY 

Deconvolution (elimination) of the source’s signature 

Earth’s impulse 
response r(t) 

Seismic source 
wavelet w(t) 

Observed 
seismic trace 

s(t) 

s(t) = r(t) *w(t)

The observed trace is the convolution of the earth’s impulse response (Green’s function) 
with the wavelet of the seismic source. We attempt to eliminate (deconvolve) the latter.  



Before After 

Source!deconvolu.on!
Makes record crisper. Removes source reverberation and ghosts 

Mute 

Before After 

The NMO correction 
may distort the data 



48 fold CDP stack 

Survey specifications: 
 

Gun depth = 7 m 
Streamer depth = 12 m 

 
Ship�s speed = 4.9 knots = 2.5 m/s 

Shooting rate = 10 s 
Shot spacing = 25 m 

Number of receivers (channels) in  
active section = 48 

Streamer length = 2400 m 
Channel spacing = 50 m 

CDP spacing = 25 m 

Shot number 
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Reflection coefficient!

Chert? 

Sea bed 
Site 1219A. 
East Central 

Pacific. 
5063 m water 
depth. 55 Ma 

seafloor. 
!

Early Eocene 
to 

Mid- Miocene 

Reflection coefficient = I2 − I1
I2 + I1

=
ρ2V2 − ρ1V1
ρ2V2 + ρ1V1

where I1 and I2, ρ1 and ρ2, and V1 and V2 are the acoustic impedances, densities and velocities 
of an overlying and underlying layer respectively 



Resolution 
The vertical resolution of seismic reflection profile data (i.e. the number of reflectors 
seen in a particular two-way travel time interval) is determined by the pulse length of 

the source. 

The horizontal resolution depends on the physical process of reflection (the reflecting 
interface is composed of a number of point scatterers) and the receiver 

spacing. 

Wavelength  
= Velocity/Frequency 

f= 50 Hz, v = 2 km/s 
Dominant wavelength = 

40 m 
Rule of thumb: 

Maximum vertical  
resolution  

~¼ to ⅛ of the wavelength 

Hence, vertical resolution no  
         better than 10 m 
 

Point reflectors and diffractions 

A point reflector will 
look like a hyperbola 



Dipping reflectors and migration 

Bowties 

Geology 

CDP stack 

Migration involves  moving 
reflectors updip, shortening and  

steepening them 

The parameters required for 
migration (e.g. dx, dt, θτ) can be 

calculated from the dip, two-way travel 
time and velocity of the stacked section 



Multiples 

Alboran Sea: RRS Charles Darwin. Jan/Feb 1991. Single 
466 cu. in gun. 200 m long streamer. 
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First multiple 

Seabed 

Second multiple 
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Seabed multiples (e.g.) typically  
have more moveout than  

primary reflections. They are  
usually suppressed by  

CDP stacking (especially 
at large offsets) 

which is based on a primary  
velocity function.  

Seismic stratigraphy 
Porcupine Seabight 

Moray Firth 

Post-rift 
onlap 

Post-rift 
offlap 

Syn-rift 
faulting 



Seismic geomorphology 

Seismic structure: Shallow crust 

Weymouth anticline, English channel. 
A1 sec time-slice 



Deep crust 

Continental shelf offshore Catalonia, Valencia Trough, Western Mediterranean:  
R/V Robert D. Conrad. Jan/Feb 1988. Tuned airgun array. 2.5 km long streamer. 

Reflective lower continental 
crust (Variscan) 

Watts et al. (1990) 

The Flannan Reflector 
BIRPS Atlas – DRUM Line 

West Orkney basin Minch basin North Lewis basin 

Crust 

Mantle 
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Reflective lower continental 
crust (Caledonian) 

http://www.seismicatlas.org/ 



Practical 
Seismic reflection data processing 

 
North Sea 



           Bright spot?  
(sediment/gas interface) 

         Flat spot? 
(gas/water interface) 

Diffractions 

Secondary multiples ? 

CDP 


