
Basic Geophysical Assumptioni 
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direct arrivals 

 

 

reflected arrivals 

 

 

refracted arrivals 
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        x = source-receiver distance (offset ) 
                T = arrival time 

        V1 = velocity of  P wave in the top layer 



ti              = intercept time 

 

xc o xcrit   = critical distance 

 

xcros         =   crossover distance  

V1 

V2 

xc              xcros 

ti  
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Snell 

law 

 

 
 

 
Seismic   

Refraction              = 90°         = critical angle 



The refraction seismic uses the 

refracted waves originated by incident 

waves with incidence angle equal to the 

critical angle ic 

  refraction angle is 90° 

Refracted waves 
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The P waves with an incidence angle 

smaller than the critical angle, represent 

the part of  energy that will be transmitted 

(refracted) to the depth, and it will cross 

the geological  discontinuities. This is the 

energy that could be reflected by the 

deeper discontinuities. 

Huygens principle 

Each point of a wave front can be 

thought as a point source of waves with 

the same phase. 

V1 

V2 



 The interference figure 

(envelope) obtained from the 

spherical waves generated in 

point sources, constitutes the 

new front of the advancing wave. 

Each spherical wave front is 

recorded, in terms of arrival time, 

as a hyperbola.  

The several hyperbolas, 

generated from a series of 

aligned and spaced points, 

interfere negatively. 

If the points are aligned and 

continuous, the hyperbolas add 

up and cancel each other out. 
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Huygens Principle Effects  

The reflections can therefore  have seen  as a consequence of the Huygens Principle. 



The reflected wave 

equation is represented by 

a hyperbole. It 

tends asymptotically to the 

direct wave line. 
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Reflection angle = incidence angle 



Simplified 

Formula 
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The sedimntary rocks 

are less dense (~ 2.1 ± 

0.3 gr/cm3  I) than other 

rocks.The density 

contrast between 

adjacent sedimentary 

rocks is rarely plus than  

0.25 g/cm3 

Acoustic Impedance ᵨv 

Reflection Coefficient Rc 



 

RELATION between DENSITY and VELOCITY’ 
 

The linear function between acoustic impedance  

and velocity delle onde P (previous slide) tells about 

an approximately constant density.   

This is not really true: generally, there is a relation  

between density and velocity values. 
 

A more realistic relation  was developed by Gardner, 

with an empiric formula (where velocity = α ) 
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C depends by the rocks type and by the unit of measure of v.  

Often, we can use the values: 

-if Vp is in m/sec     c =  0.23 

-if Vp is in feet/sec  c = 0.31  



Some values of 

velocity vP       density ᵨ      reflection coefficients Rc  

in standard lithological conditions 
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What does negative reflection coefficient Rc mean? 
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Zimmer, 2004 

The VP  velocity of a rock depends on:  
 

-type of rock: important, in particular, for fine 

sediments/clay, specially for low pressure (reduced 

depth) 

-porosity (decreases with the depth) 

-fluids saturation 

-lithostatic pressure 

-pore pressure (it often acts  

in opposte direction to lithostatic pressure) 

-microfractures presence (…both -P & S- 

seismic wave velocities decrease with increasing crack 

density. By O’Connel and Budiansky, 1974) 

 

 

Effective 
pressure 
 

} 

High pore pressure for long 

time can inhibit the 

diagenetic processes and 

maintain the porosity:  

this allows to mantain  

low velocity Vp 

 



The simplest reflection model considers 

two superimposed omogeneous strata 

characterized by different elastic 

properties (-> Vp and  ᵨ) 
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What is a Seismogram? 

Positive  

reflection  

coefficient  

 
 

 

Spike  

response  

(ideal) 

Wavelet  

(real) 

Note the decreasing reflection 

coefficients with the increasing 

depth ….. 
Sinthetic seismogram  from Sonic Log values 


