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ABSTRACT 

DIFFRACTION PHENOMENA AROUND SALT MASSES 

By 

LUIS MADRIGAL 

The problem was to determine the use of diffracted events as an 

interpretive tool in reflection seismograms. The phenomenon was studied 

in relation to salt masses because this type of plastic intrusion is 

associated with different structural shapes capable of causing diffraction. 

Those features are (a) the border of the crest in an anticlinal shaped body, 

(b) the intersection between the flank and the horizontal bottom of a syn¬ 

cline on the salt body, (c) relatively small anticline-like irregularities 

over the salt mass, and (d) tapered layers ending over the salt masses as 

wedges. The solution was obtained by a two-dimensional model technique. 

The laboratory seismograms showed that diffraction occurs in the pres¬ 

ence of curved interfaces when the radius of curvature does not exceed a 

certain proportionality with the wavelength of the elastic wave; that there 

is a difference in amplitude decay and move-out between a reflection and a 

diffraction event; that the epicenter of diffraction is located by the 

minimum time coordinate of the corresponding hyperbolic curve; that shadow 

zones predicted by ray theory are "illuminated" by diffraction events; that 

on transition from diffracted to reflected waves the amplitude of the former 

increases; that the amplitude of interference waves reaches a maximum as 

the reflected and diffracted wave fronts reach a constructive interference 

and that the maximum shifts away from the focus of diffraction when the 

distance between the source and the same focus increases. 
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A. GENERAL 

A.l. INTRODUCTION.- Today seismic reflection prospecting is being called 

upon to achieve the best interpretation possible of the structure of the 

media, using the information contained in seismograms resulting from 

field exploration. One of the most important demands is the search for 

such fine structures as stratigraphic traps, small displacement faults, 

tapered layers, anticlines with gentle slopes, and others. In order to 

accomplish the best interpretation it is necessary for the geophysicist 

to recognize clearly in the seismogram all of the events potentially 

significant and to be able to explain their relationship to structural 

forms. If that is not the case there is considerable danger that the 

interpretation will be erroneous. 

A.2. SCOPE AND LIMITATIONS OF THIS WORK.- The problem in this study was 

to determine those possible characteristics in diffraction events which 

discriminate them from reflected ones. A complete study of differenti¬ 

able characteristics between those waves include their complex spectra 

analysis. That is an extensive task because of the many factors which 

can change the relationship between those complex spectra, chiefly 

because they depend on the angle of wave incidence upon the reflecting 

and diffracting interface, the immediate stratigraphy under the inter¬ 

face in which the reflection occurs, and the geometry of the diffracting 

body. Therefore, the comparative study of complex spectra will be left 

to later studies, and the scope of this thesis will be limited to analy¬ 

sis of those characteristics of relative arrival-time (travel-time 

curves) and relative amplitude decay (amplitude-distance curves). 

The problem of diffraction belongs to the category of "boundary 
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value problems," in which all requirements, such as uniqueness and 

initial boundary conditions, must be satisfied. When dealing with data 

obtained by seismology, the theoretical approach is impractical because 

there is a lack of knowledge of the numerous variables which are involved 

in the generation of the diffraction field. Because of this laboratory 

seismic models are used where the complexities of the subsurface can be 

studied under controlled conditions. Two-dimensional models, as des¬ 

cribed by Oliver, Press, and Ewing (1954) were used in these experiments. 

The diffraction phenomenon was related to salt masses because this 

type of plastic intrusion is associated with different structural shapes, 

which are capable of causing diffraction. At this point the question 

arises as to what the diffracting features in salt masses are. The 

answer to this question may be derived from the observation of diffrac¬ 

tion patterns of simple geometries in models of those structural features 

formed during the salt uplift which might be diffracting objects, and 

observing any alteration in the diffraction pattern when geometric modi¬ 

fications are introduced. Those features and their geometric modifica¬ 

tions are the following: (a) the "border" of the crest in an anticline¬ 

shaped salt body. The geometric modifications are in the distance between 

the source and the diffraction focus, (b) The intersection between the 

flank and the horizontal bottom of a syncline on the salt body. The 

geometric modifications are in the radii of curvature of such an inter¬ 

section. (c) Relatively small anticline-like irregularities over the 

salt mass. These irregularities appear because of the uneven uplift of 

salt masses. They are studied by changing the vertical and horizontal 

dimensions in terms of the wavelength, (d) Tapered layers ending over 

the salt mass as wedges. In this case no geometric modification is made. 



The usual interpretation of reflection record-sections uses only 

longitudinal-wave traces. The study of diffracted waves in this paper 
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is related only to that kind of propagation. 

B. DIFFRACTED WAVES 

B.l. DIFFRACTION.- Suppose that two different elastic media are sepa¬ 

rated by a plane boundary. If a plane wave is incident upon that 

boundary, reflected and refracted plane waves will be propagated out from 

the boundary, and the theory of reflection and refraction at a plane 

boundary can be applied. However, not all the interfaces are planes.Some 

of them are curved. In such cases there is a limitation on the applica¬ 

tion of the theory at plane boundaries, which is the relationship between 

the radius of curvature of such a curved interface and the seismic wave¬ 

length. If the radius of curvature is comparatively larger than the wave¬ 

length, small regions on the interface may be considered as plane bound¬ 

aries, and the theory can be applied. However, if the radius of curvature 

is not large enough, the wave fronts will be deviated in such a way that 

this theory of reflection and refraction cannot be used in interpreting 

such phenomena. This will take place in any inhomogeneity or irregularity 

in an interface, notably at a discontinuity. This is the origin of dif¬ 

fracted elastic waves and a complex theory of diffraction which is still 

mathematically insoluble when the boundary conditions are complex. 

B.2. HISTORY.- When the work of Francisco Maria Grimaldi was published 

(1665), the term "diffraction" was used to name a phenomenon resulting 

when a beam of light is directed over an opaque object. The edges of the 

consequent shadow are not sharp but are fringed by bright and dark bands. 

Hooke made similar observations in 1672. In Opticks (1704) Sir Isaac 
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Newton called the phenomenon "inflexion." These were the days of the 

corpuscular theory of light. 

In 1818, Augustin Jean Fresnel submitted his memoir on Diffraction 

to the Academie des Sciences. In that work Fresnel developed a quantita¬ 

tive theory of diffraction by combining Young's superposition principle 

with Huygen's principle, considering that the rectilinear propagation of 

light could be interpreted on the assumption that light is a wave motion. 

He concluded that the diffraction phenomenon must be explained in terms 

of the restriction of the wave front. 

Gustav Robert Kirchhoff showed in 1882 that the wave function at 

any point may be expressed as an integral over a surface enclosing the 

point and excluding the point source. This expresses Huygen's principle 

mathematically because each differential may be considered as a Huygen's 

wavelet originating at one element of area (ds). When they are inte¬ 

grated at the proper phase the effect is that stated by Huygen's principle. 

Arnold J. W. Sommerfeld in his paper Mathematische Theorie der Dif¬ 

fraction (1895) showed that Young's hypothesis that diffraction is an edge 

effect can be tested mathematically. In 1906, Sir Horace Lamb analysed 

the diffraction of simple harmonic waves in the case of sound and began 

the study of the pulse-like wave. 

Historically, the general theory of diffraction, at least for optics, 

was completely stated by the end of the 19th century. 

From the beginning of the present century to the present the problem 

of diffraction belongs to the category of "boundary value problems." The 

development of new methods of solving boundary value problems is an activ¬ 

ity in present day mathematical research. A method well adapted to solving 

the diffraction problem in the use of the integral solutions of the 
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inhomegeneous equation. The formal solution is expressed in terms of one 

or more integrals. Because the integrals can very seldom be evaluated 

exactly as algebraic expressions or transcendental functions, the solu¬ 

tion is given as asymptotic approximations by means of series solution. 

The theoretical approach is not applicable to the solution of the prob¬ 

lem involved in this thesis work. 

C. THE MODEL 

C.l. DESCRIPTION.- The models used in the experiments were made with 

Acrylic Plastic (Plexiglass). They were cut from sheets 0.00158 meter 

thick, one meter wide and two meters long. One of the long edges remained 

uncut while the opposite edge was cut in varying shapes. The uncut edge 

represents the surface of the earth, and the geometry of the other edge 

represents the structural shape of the salt mass. The Plexiglass repre¬ 

sents the sediments where the propagation of waves take place. The 

material which could represent the salt is absolutely necessary only when 

the complex spectra of the waves is being studied. However, the character¬ 

istics being dealt with here are the relative arrival-time and relative- 

amplitude decay between diffracted and reflected waves. These character¬ 

istics depend on the physical properties of the propagation media and not 

on those properties of the reflecting and diffracting body. For that 

reason material representing the salt mass was omitted, thus there is a 

free-air interface. 

In order to attenuate events from the sides a Polyvinyl-chloride 

tape was used on both sides of the model. The Rayleigh waves were reduced 

by using Plasticine on the edge representing the surface of the earth. 

Some of the physical characteristics of the medium of propagation 

are shown in Table C.1.1. 
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Plexiglass Air * 

Longitudinal velocity Vp (m/sec) 2340 333 

Transversal velocity ft (m/sec) 1400 

Rayleigh wave velocity Vr (m/sec) 1300 

Density p (g/cm3) 1.22 + 1.29 x 10-3 

Impedance pvp (g/cm2 sec) 2.9 x 105 43 

Pseudo-Poisson's ratio 0.25 

TABLE C.1.1. - Physical properties of propagation media in models.. (* Fry, 
W. J., 1948; + Carabelli, E. and Folicaldi, R., 1956) 

C.2. FACTORS OF SCALE.- The models are constructed to represent geologic 

structures; for that reason it is necessary that the measured times, dis¬ 

tances, and velocities in the models be directly proportional to their 

corresponding measurements in the earth. Let Kt, Kt, and Kv be the con¬ 

stants of proportionality for length, time, and velocity respectively and 

let them be defined in the following way: 

Original “ Ku Xmodel ’ Original - Kt Wiel» voriginal “ Kv vmodel 

where X, t, and V are distance, time, and velocity respectively. 

For convenience the value of the proportionality constant Kv was 

chosen equal to unity. This defined the type of material to be used in 

the model. The appropriate material was found to be Plexiglass because its 

longitudinal velocity is approximately equal to the average velocity of 

sedimentary rocks. 
u, 

Since Kv = = 1 then, K^. = K^. KL may be obtained by means of the 

expression which relates wavelengths (A) which appear in reflection 

seismology and those which appear in the model. In other words, and 

K^. are dependent upon the propagated wave frequency (f) in the model. 

*o = KL*m ^ Vo of = 
Jo Am So m 



7 

The wave period in the model is 50 x 10-6 sec (Figure C.6.2) and in 

the real media has an average value of 0.033 sec. Therefore the factors 

of scale KL and K-t are 660; or one meter in the model represents 660 

meters in depth in the real media. 

Some of the measurements which are directly proportional in the model 

to those in the sediments are described in Table C.2.1. 

Measure Symbol 
Scale 

General 
Factor 

Plexiglass 

Longitude X Ku 660 

Time t Kt 660 

Velocity V Kv 1 

Mass M Km 2 

Elastic modulus M K°VKI.K£ 2 

Poisson's ratio S> 1 1 

Density P K*/K l 2 

TABLE C.2.1. - Scale factors in the seismic model, using Kv = 1, and 

average density of sediments = 2.44. 

C.3. THE APPARATUS.- The apparatus used is shown photographically in 

Figure C.3.1. and schematically in Figure C.3.2. It consists of a pulse 

generator (General Radio Co., type 1217-B) with a pulse rate frequency 

(PRF) of from one cycle to 500 kc., and a range in the duration of the 

pulse of from 0.1/lsec to one second. This generator is connected to an 

oscilloscope (Tektronix, Type 535-A) with the objective of triggering the 

sweep signal. In this way the pulse which will define the "time break" is 

introduced allowing a stable pattern on the screen because of synchroniza¬ 

tion. The pulse generator is also connected through an amplifier to the 

ceramic transducer which will serve as transmitter. The electronic units 



FIGURE C.3.1. The apparatus. 

FIGURE C.3.2. Schematic diagram of apparatus 
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of the receptor which is also a ceramic transducer consist of a pre¬ 

amplifier and the amplifying unit of the oscilloscope. 

C.4. THE TRANSDUCERS.- The receptor consists of a piezoelectric ceramic 

transducer of strip form. The one chosen was manufactured by Gulton In¬ 

dustries and is a Glennite type HST-41 lead zirconate - lead titanate. 

It is a good voltage generator and has high coefficients of sensitivity 

(g) and of matching (k). Its Curie point is 260° C and its density is 
O 

7700 Kg/cm . This receptor is supported by a copper rod which has an 

appropriate form and length to permit damping or delay of internal reflec¬ 

tions or oscillations of the crystals. 

The transmitter, which in the model represents the seismic source, 

consists of a ceramic piezoelectric transducer of the same manufacture and 

composition as the receptor, except it is type HDT-31 which has a greater 

power output, a higher displacement coefficient per volt (d), and a higher 

Curie point. The value of the Curie point is 325° C and the density is 

7600 Kg/cm . This transducer was chosen in the form of a disc 1.27 cm. 

in diameter and the same thickness as the model sheet (0.158 cm.). The 

transducer was inserted into a hole in the Plexiglass sheet. The hole 

was of a size necessary for good adjustment of the disc. 

C.5. EFFICIENCY.- The damping of the mechanical movements of the model 

was necessary principally because of the presence of vibrations of the 

building itself, transmitted to the model by means of its supports. The 

damping was achieved through the use of two beds of cotton. 

So that the original form of the signal received might not be 

obscured by oscillations and reverberations, the receptor crystal must 

abruptly stop oscillating after receiving each signal and the reverberat¬ 

ing medium, represented by the crystal body, must increase in length. 
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This was achieved by using a copper rod at the end of which the ceramic 

piece was placed. The length of the rod was dependent upon the desired 

damping. 

Obtaining the proposed signal depended, to a large extent, on an 

efficient shielding of the apparatus and interconnections. This was 

achieved by always using coaxial cable and an efficient electrical network 

to ground. 

Investigators have discovered that if the transducer crystal is placed 

in contact with a dry surface, the transmission of energy is very small due 

to the poor matching of acoustic impedances. This matching is improved 

when the surface is moistened and has an even greater efficiency if a layer 

of liquid is used which acts as a coupling agent between the different 

acoustic impedances. In this particular case a Silicone grease (No. 8101, 

GC Electronics Co.) was used as the matching medium. Undesired low fre¬ 

quency signals appearing on the oscilloscope screen, due to 60 cycle "Hum" 

and low mechanical vibrations, were avoided by using an R-C filter. 

C.6. EXPERIMENTAL PROCEDURE.- The experiment begins when the pulse genera¬ 

tor produces a short burst of energy with a preferred duration of 20 micro¬ 

seconds, peak pulse voltage of 30 volts and repeated 100 times in a second. 

That energy is amplified until it reaches a peak pulse voltage of 230 volts 

(Figure C.6.1.) then it is applied to the ceramic transducer which piezo¬ 

electrical ly transforms the electrical energy into mechanical energy and 

transmits it to the model. The energy thus converted is propagated in the 

form of elastic waves through the material of the model until it encounters 

a reflecting or diffracting surface (Figure C.6.2.). After a certain amount 

of time, measured in milliseconds, the reflected or diffracted energy is 

detected by the ceramic piece which acts as a receptor. The mechanical 



FIGURE C.6.1, Pulse used to 
drive source. P.R.F.= 100 Hz. 
Pulse duration 20 microsecond 

FIGURE C.6.2. Incident wave 
in Plexiglass. Gain 100 MV/cm 
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energy detected is transformed into electrical energy, amplified, and 

finally shown on the screen of the cathode-ray oscilloscope. 

C.7. RECORDS.- Due to the fact that the horizontal deflector of the 

oscilloscope is synchronized, by means of the sweep circuit, with the 

pulse generator, it is possible to obtain a stable signal pattern. Thus 

the traces may be photographed succesively as the position of the receptor 

is changed. In this way a pseudoseismogram is obtained. The camera used 

in this work was a Polaroid 2620 which produces a copy in ten seconds when 

using the Land picture roll type 42 film. The camera was mounted on a 

structure in front of the oscilloscope screen. The lens used was a Wollen- 

sack oscillo-Amaton 75 mm., f/1.9. The trigger is an Alphax with seven 

speeds from one second to 1/100 second. 

C. 8. TIME.- During the analysis of the phenomenon under investigation, it 

was important to determine time intervals of the different events. In this 

case a time origin may be specified as well as a time scale. The first 

proposition is resolved by synchronizing the pulse, which alters the 

ceramic transmitter, with the trigger of the sweep circuit in the oscillos¬ 

cope. Thus the initiation of the trace on the screen is the origin time. 

The second problem is resolved when the oscilloscope used has the internal 

sweep calibrated in time per centimeter of deflection. Thus the time 

intervals may be determined by measuring distances along the horizontal 

axis in the coordinate system which appears on the oscilloscope screen and 

converting these units to units of time. This conversion is made by multi¬ 

plying the units of length by the "sweep time" factor. The factor used was 

0.1 Msec/cm. 

D. DISCUSSION OF RESULTS 

D. l. HORIZONTAL LAYER MODEL.- It must be noted that because of the 
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Plexiglass-to-air interface in the base of the models, all of the events 

in the seismograms go through a phase change of magnitudeTf due to the 

negative reflection coefficient. 

Figure D.1.1. shows the first arrival-time graphs which were con¬ 

structed for seismograms from Figures D.1.2. and D.1.3. to determine the 

value of the longitudinal wave velocity (P) in the Plexiglass sheet. That 

value is 2340 m/sec. 

Observing the seismograms of Figures D.1.6. and D.1.7. which represent 

the results obtained from a one horizontal layer model, it can be seen that 

a few microseconds after the primary reflection signal, a second event 

appeared. That event represents the shear wave (vertical component) gener¬ 

ated when the longitudinal wave was reflected. From the theory of plane 

waves at a free surface (Ewing, Jardetzky, and Press, 1957) it is known 

that the ratio S* is equal to , . /. - , 2 \ 
h -4tr>n & VVt5 tan_eJ  

4 tan e tanf-h(i+3tari2e)2 

where B2 and A| are the amplitudes of shear and longitudinal waves res¬ 

pectively, and f and e are the corresponding incident angles measured with 

respect to the horizontal. From this equation the amplitude B2 of shear 

waves tends to vanish as the angles of incidence tends to and it 

vanishes for the case of normal incidence. The seismogram in Figure D.1.6. 

shows this phenomena very well. 

There shear or transversal velocity calculated from those seismograms 

in which the P-SV wave event appeared is approximately equal to 1400 m/sec 

for the Plexiglass sheet 0.158 cm. thick. 

The amplitude-distance curves obtained from the seismogram in Figures 

D.1.3. and D.1.6. are shown in Figures D.1.4. and D.1.5. In those curves 

alternating maxima and minima on the amplitude values of the reflected 

signals are observed. That is because of the phase which reaches the 
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FIGURE D.1.1. First arrival time graph showing the value of the 
P v/ave velocity in a plate of Plexiglass, 0.158 cm thick. 
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FIGURE D.1.2. Seismogram for 
model shown in Figure D.1.4. 
Detectors every 10 cm from 
surface to bottom. 

1.0 Msec 

0 0.5 1.0 Msec 

FIGURE D.1.3. Seismogram for 
model shown in Figure D.1.4. 
Detectors every 5 cm at the 
surface. Gain 50 MY/cm. 
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FIGURE D.1.4. ’’Horizontal layer” model. 
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FIGURE D.1.5. ’’Horizontal layer" model. 
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FIGURE D.I.6. Seismogram for 
model shown in Figure D.1.5. 
Traces 1-12 100 MV/cm. 
Traces 13-24 50 MV/cm. 

FIGURE D.1.7. Seismogram for 
model shown in Figure D.1.5. 
Detector separation one cm, 
beginning with 24 at 19 cm 
from the source. 
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receiving transducer at each different position. That effect increases or 

decreases because of the variable coupling of the receiver 

D.2. ANTICLINE MODELS.- The models shown in Figures D.2.I., D.2.3, D.2.6., 

D.2.7., D.2.10., and D.2.13. were called anticlines. All of them have 

approximately the same geometry with slight modifications in the distance 

between the source and the diffraction focus. In each of the diagrams the 

limit of the shadow zone for arrival of reflections form the base of the 

model, as predicted by ray theory, is shown. Corresponding to each diagram 

are the seismograms shown in Figures D.2.2., D.2.4., D.2.5., D.2.8., D.2.9., 

and D.2.11 respectively. In those seismograms the immediate observation is 

that the predicted shadow zone does not exist. Instead there is a continuity 

of events. The explanation for this fact is the existence of the diffracted 

phenomena. In other words the shadow zones have been "illuminated" by 

diffraction arrivals. Sterry (1966) using analog models very similar to 

those in this section obtained the same results. He found also that dif¬ 

fraction energy "illuminated" the shadow zone predicted by ray theory. From 

the seismograms travel-time and amplitude distance curves were constructed. 

They are shown in Figures D.2.I., D.2.3., D.2.6., D.2.7., D.2.10., and 

D.2.13., respectively. 

The travel-time curves corresponding to the anticline models show that 

diffraction events present a greater increment in move-out than the reflec¬ 

tion events. This is particularly notable in Figure D.2.13. when comparing 

part "a" of the curve, which represents the propagation times of the waves 

reflected from the top of the structure, with part "b", which shows the 

corresponding diffraction times. This observation corroborates the one 

made by Angona (1960) using a two-dimensional model of a fault. 

The travel-time curves of diffracted and reflected waves have a 
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FIGURE D.2.1. "Anticline " model. 
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FIGURE D.2.2. Seismogram for 
model shown in Figure D.2.I. 
Gain 50 MY/cm. 
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FIGURE D.2.3. "Anticline” model. 
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FIGURE D.2.4. Seismogram for FIGURE D.2.5. Seismogram for 
model shown in Figure D.2.3. model shown in Figure D.2.6. 
Gain 50 MV/cm. Gain 50 MV/cm. 



T
I
M
E
 
M
S
E
C
.
 
A
M
P
L
I
Y
U
D
E
 
U
N
I
T
S
 

24 

FIGURE D.2.6. "Anticline” model. 
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FIGURE D.2.7. "Anticline'* model. 
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FIGURE D.2.8. Seismogram for FIGURE D.2.9. Seismogram for 
model shown in Figure D.2.7. model shown in Figure D.2.10. 
Gain 50 MV/cm. Gain 50 MV/cm. 
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FIGURE D.2.10 
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FIGURE D.2.11. Seismogram for 
model shown in Figure D.2.13* 
Gain 50 MY/cm. 

FIGURE D.2.12. Seismogram for 
model shown in Figure D.2.13. 
Gain 100 MV/cm. 
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.FIGURE D.2.13. "Anticline" model. 
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hyperbolic form. This is best shown on Figure D.2.13. where, because of 

the geometry of the model, half of each corresponding hyperbola is shown. 

It can be observed also that, in every case, the minimum time in the curve 

is situated above the diffraction focus; in that way the epicenter of 

diffraction can be located by recognizing that minimum time. The curva¬ 

ture of the hyperbola defined by diffractions is greater than in the case 

of reflections. In these travel-time curves the so-called reflection wave 

arrival is actually the interference wave which is the sum of the reflected 

and diffracted waves. When the difference in arrival times of diffracted 

and reflected waves is enough to permit recognition of them individually 

without interference, the other half of the diffraction hyperbola can be 

seen. 

The amplitude-distance curves were constructed by measuring the 

number of millimeters from maximum to minimum in the corresponding wave. 

Once they were constructed they were smoothed in order to take out the 

maximum and minimum of the amplitudes due to to the effect of the phase. 

This smoothing of the curves was made by eye and is not rigorous. 

It can be observed that the amplitudes of the diffracted waves - 

which are those between the limits of the shadow zone which is shown in 

the figures by the hatching 7 decrease fairly smoothly with distance. This 

is very well shown in Figure D.2.10. The rate of decay of those amplitudes 

is largest near the limits of the shadow zones and diminishes with distance 

from those limits. This observation implies that the amplitude of the 

diffracted wave increases as its front nears the zone where reflection 

could take place. That phenomenon is well observed in Figure D.2.6. In 

that figure it can be seen that the amplitudes of the diffracted waves 

increase to the right where reflections from the top of the structure are 
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taking place, and increases to the left where reflections from the flank of 

the same structure are. Therefore, the existence of a minimum on the dif¬ 

fraction amplitude-distance curves can be deduced. This minimum is not 

always observed because of the masking due to amplitude decay rate with 

distance and the effect of phase. 

A comparison between the amplitude-distance curve from Figure D.I.5., 

which is the result of measuring the amplitude of reflections from a hori¬ 

zontal layer at 55 cm., with those obtained with the anticline models, 

shows that diffracted waves have smaller amplitudes than reflected waves 

and those representing the interference wave. 

Observing that section of the curves which is defined by diffraction 

arrivals, it can be noted that the slope increases as the distance between 

the focus of diffraction and the source decreases. 

A maximum can be observed on that part of the curve where the ampli¬ 

tudes of the interference waves are plotted. That maximum is the result of 

a constructive interference of the diffracted waves with those reflected 

from the top of the structure. That maximum shifts away from the focus of 

diffraction as the distance between that focus and the source is increased. 

D.3. SYNCLINE MODELS.- The models shown in Figures D.3.I., D.3.4., 

D.3.5., and D.3.8. were called synclines. In each one of these diagrams 

the farthest ray paths, predicted by theory, for such reflections which 

can be picked up with the array of detectors used are shown. The paths for 

reflections from the flank are the double lines, and the single line corres¬ 

ponds to the reflection path from the horizontal bottom. All of the models 

have similar geometry. There are only two modifications. First the dipping 

angle of the flank was 23° for the first model and 30° for the rest of them, 

and second, the radii of curvature at the intersection of the flank with the 
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horizontal reflector were 0, 30 and 100 centimeters in Figures D.3.4., 

D.3.5., and D.3.8., respectively. 

Corresponding to each diagram are the seismograms which are shown in 

Figures D.3.2., D.3.3., D.3.6., and D.3.7., respectively. From those 

seismograms travel-time and amplitude-distance curves were constructed. 

They are shown in Figures D.3.I., D.3.4., D.3.5., and D.3.8, respectively. 

The travel-time curves were constructed by using the times of propa¬ 

gation for the reflected waves as predicted by ray theory. Those values 

would be computed by using the two following equations: 

where z is the apparent depth of the reflector z=.Z-CoSjzJ, 0 is the angle of 

incidence, © is the angle of slope of the reflector, X-p is the coordinate 

of the diffraction focus, Xsp is the coordinate of the shot point,Zp is 

the depth of the diffraction focus,is the apparent depth of the dif- 

the medium. However in this work travel-times were computed by measuring 

graphically those distances involved and then dividing by the correspondent 

velocity. Those values computed were checked with those observed on seis¬ 

mograms where individual events from the flank and the horizontal bottom 

could be picked up. Some could not be compared because of the difficulty 

in identifying the arrival when the reflected energy from the flank and 

the horizontal bottom interferes. The solid lines, on curves, indicates 

the arrivals of reflected waves from the horizontal and the inclined 

reflectors whereas the sequence of points determine the arrivals of dif¬ 

fracted waves. 

yef Icenon 

fraction focus , and V is the longitudinal velocity of 

For the model with the flank dipping 23° and no curvature (Figure 

D.3.I.), the farthest reflection arrival from the bottom showed up in 
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FIGURE D.3.1. “Syncline” model. No curvature at intersection 
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FIGURE D.3.2. Seismogram for FIGURE D.3.3. Seismogram for 
model shown in Figure D.3.1. model shown in Figure D.3.4 
Gain 50 MV/cm. Gain 50 MV/cm. 
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FIGURE D.3.^. "Syncline" model. No curvature at intersection 
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FIGURE D.3.5, "Syncline1* model. Radius of curv&i\n?e 
at intersection; 30 era. 
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FIGURE D.3.6. Seismogram for FIGURE D.3.7. Seismogram for 
model shown in Figure D.3.5. model shown in Figure D.3.8. 
Gain 50 MV/cm. Gain 50 MV/cm. 
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FIGURE D.3.8. "Syncline” model. Radius of curvature 
at intersection: 100 cm. 
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trace 5. Nevertheless, there are events occurring in traces 4, 3, 2, and 

1 on the seismogram (Figure D.3.2.) which correlates with that arrival of 

reflection. The times of propagation observed for those events correspond 

with those computed for diffracted waves from the termination of the hori¬ 

zontal bottom. The same result is obtained with respect to the inclined 

interface. The farthest reflection was predicted for the 21st trace and 

diffraction from the termination of the interface extended the correlation 

of the events to traces 22, 23, and 24. 

In the rest of the syncline models the dip of the flank was increased 

to 30° in order to have a better resolution on the seismogram of the sig¬ 

nals from horizontal and inclined interfaces. 

From Figure D.3.4., which is the seismogram corresponding to the 

syncline model with flank dipping 30° and no curvature at intersection,it 

can be seen that the same result is obtained as with the model whose flank 

is dipping 23°. There the farthese reflection predicted for the bottom 

was trace 5. Nevertheless, the continuation of correlatable events per¬ 

sisted through traces 4, 3, 2, and 1. Those events are diffractions from 

the termination of the horizontal reflector (See Figure D.3.4.). 

Figures D.3.5. and D.3.8. show the effect of the curvature at the 

intersection of the horizontal reflector with the inclined reflector. In 

the first experiment the radius of curvature chosen was 30 cm. With that 

radius of curvature the farthest reflection for the horizontal bottom was 

predicted to be detected by the 8th detector and displayed on the 8th trace. 

That is true, but the correlatable events do not stop there; it is possible 

to correlate events through traces 7, 6, 5, 4, and 3. The time of arrival 

of those events coincides with those computed for diffraction from the 

termination of the horizontal reflector. When the radius of curvature is 
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increased to 100 cm., the diffraction energy from that termination atten¬ 

uates and dies out shortly. Actually in this case, the diffracted event 

cannot be seen individually. Its existence is deduced from the distortion 

effect on reflected signals from the flank. That effect can be seen on 

traces 12, 11, and 10. 

From the amplitude-distance curves in the case of syncline models it 

can be observed that events due to diffraction have less amplitude than 

reflected or the so-called interference waves. This is the principal 

feature observed for diffraction in this kind of curves from syncline 

models. The maximum which appears in each curve is due to the construc¬ 

tive interference between reflected signals from the horizontal and the 

inclined reflectors. On each side of that maximum there are minima which 

represent the destructive interference of the same signals after which 

they can be measured individually. 

D.4. ANTICLINE-LIKE IRREGULARITIES MODELS.- In the next group of models, 

called anticline-like irregularities, because of their shape and dimen¬ 

sions, roughness on the reflecting interface produce enough diffraction to 

niask the reflected signals completely. 

Figures D.4.I., D.4.2., D.4.9., and D.4.10. show the geometry and 

dimensions of the models used in this section. The predicted shadow zone 

where no reflection should be, and the ray path of extreme reflections are 

shown. The numbers 1, 2, 3, 4, and 5 in the bottom of the models, are 

indications of the expected foci of diffractions. The principal modifica¬ 

tion of the geometry of these models are the vertical dimension of the 

irregularity. The first has a value of one-fourth the wavelength, the 

second one-half the wavelength, and the two last models are one wave- 

length. In the third model the flat top of the anticline was changed to a 
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wedge shape. The seismograms obtained with those models are shown in 

Figures D.4.5., D.4.6., D.4.13. and D.4.13. and an amplification of the 

same are shown in Figures D.4.7., D.4.8., D.4.15., and D.4.16. where the 

theoretical travel-times from Tables D.4.3., D.4.4., D.4.11., and D.4.12. 

are plotted. 

The symbols used to identify events occurring in the amplified seis¬ 

mograms are numbered 1, 2, 3, 4, and 5 and represent the theoretical times 

from foci 1, 2, 3, 4, and 5, respectively, the letter R indicates primary 

reflections from the model, the letter P indicates the first arrival cor¬ 

responding to the direct compressional wave, the letters SV indicate the 

compressional-to-shear (vertical component) wave, and in addition the 

shadow zones, where no reflected waves should be, are also shown. 

All of the seismograms shown the apparent horizontal extension of the 

structures due to the diffracted waves from foci 3 and 4, the overlapping 

of the reflection event by diffraction energy from foci 3, 4, and 5, and 

the illumination of the shadow zone predicted for each model by diffrac¬ 

tion. Interpretation of this kind of pattern is very difficult because the 

reflection event is masked by diffraction energy. Rieber (1937) was the 

first to state that complex reflection patterns are the result of over¬ 

lapping of wave trains arriving from several directions and observed that 

such patterns were frequently found near faults, where the overlapping of 

waves occurs between reflected and diffracted waves. 

In the seismogram (Figure D.4.5.) from the structure with a vertical 

dimension of it is still possible to correlate reflection events by 
4 

arrival time without a great interpretation error. In the case of one 

wavelength in the vertical dimension, the seismogram obtained (Figure D.4.14.) 

shows that, if the time correlation and the amplitude are used together, 

a recognition of reflection events of some certainty can be obtained. 
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SOURCE 

24 DETECTORS 13 12 DETECTORS 

FIGURE D.4.1. “Anticline-lilce irregularity” model. 

1 cm : 10 cm 

SOURCE 

24 DETECTORS 13 12 DETECTORS 1 

FIGURE D.4.2. 11 Anticline-like irregularity” model. 
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Trace 

REFLECTION 

No. Horizontal Focus 1 

DIFFRACTION 

Focus 2 Focus 3 Focus 4 

1 
Bottom 
.498 

Top 
.92 .551 .479 .500 

2 .493 .580 .540 .470 .490 
3 .487 .570 .528 .465 .485 
4 .481 .556 .514 .456 .480 
5 Shadow .545 .501 .450 .474 
6 Zone .535 .493 .443 .471 
7 .440 .521 .487 .440 .468 
8 .436 .513 .472 .438 .466 
9 .432 .304 .466 .436 .465 

10 .430 .496 .459 .434 .466 
11 .429 .487 .450 .436 .468 
12 .428 .480 .446 .438 .471 

Table D.4.3.- Theoretical travel-times, in milliseconds, of seismic 
waves for the model shown in Figure D.4.1. Receivers every 4 cm. 

Horizontal Focus 1 Focus 2 Focus 3 Focus 4 
Trace No. Bottom Top 

1 .498 .592 .511 .461 .500 
2 .493 .580 .502 .453 .490 
3 .487 .570 .491 .442 .485 
4 .481 .556 .477 .434 .480 
5 .545 .465 .428 .474 
6 Shadow .535 .453 .420 .471 
7 Zone .521 .447 .414 .468 
8 .513 .437 .409 .466 
9 .432 .504 .429 .407 .465 

10 .430 .496 .421 .404 .466 
11 .429 .487 .417 .402 .468 
12 .428 .480 .410 .404 .471 

Table D.4.4.- Theoretical travel-times, in milliseconds, of seismic 
waves for the model shown in Figure D.4.2. Receivers every 4 cm. 



1.0 Msec 

FIGURE D.4.5. Seismogram for 
model shown in Figure D.4.1. 
Detector separation four cm 
from 1 to 12 and 3.5 cm from 
13 to 24. Gain 100 MV/cm. 

FIGURE D.4.6. Seismogram for 
model shown in Figure D.4.2. 
Detector separation four cm 
from 1 to 12 and 3.5 cm from 
13 to 24. Gain 100 MF/cm. 
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SOURCE 

24 DETECTORS 13 12 DETECTORS 1 

FIGURE D.4.9. ,J Anticline-like irregularity" model. 

11 cm : 10 cm 
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24 DETECTORS 13 12 DETECTORS 

FIGURE D.4.10. "Anticline-like irregularity” model. 
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REFLECTION DIFFRACTION 
Trace No. Horizontal 

Bottom Top Focus 1 Focus 5 Focus 4 

1 .498 .592 .445 .500 
2 .493 .580 .434 .490 
3 .487 .570 .421 .485 
4 .481 .556 .410 .480 
5 .545 .400 .474 
6 .535 .389 .471 
7 Shadow .521 .381 .468 
8 .513 .372 .466 
9 .504 .366 .465 

10 Zone .496 .360 .466 
11 .487 .358 .468 
12 .480 .355 .471 

Table D.4. ,11.- Theoretical travel-time, in milliseconds, of seismic 
waves for the model shown in Figure D.4.9. Receivers every 4 cm. 

REFLECTION DIFFRACTION 
Trace No. Horizontal 

Bottom Top Focus 1 Focus 2 Focus 3 Focus 4 

1 .517 .526 .437 .526 
2 .510 .506 .440 .514 
3 .500 .488 .423 .505 
4 .491 .472 .411 .493 
5 .483 .457 .397 .484 
6 .474 .440 .389 .477 
7 Shadow .423 .376 .471 
8 Zone .410 .367 .467 
9 .361 .397 .362 .464 

10 .356 .384 .358 .464 
11 .354 .376 .357 .467 
12 .353 .367 .358 .471 

Table D.4.12.- Theoretical travel-time, in milliseconds, of seismic 
waves for the model shown in Figure D.4.10. Receivers every 5 cm. 



FIGURE D.4.13. Seismogram for 
model shown in Figure D.4.9. 
Detector separation A) four 
cm, BT 5 cm. Gain 100 MY/cm. 

FIGURE D.4.14. Seismogram for 
model shown in Figure D.4.10. 
Gain 100 MY/cm. 
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The seismogram (Figure D.4.13.) from the model with a wedge-shaped top 

shows a complex pattern of pure diffracted events from foci 1, 4, and 5. 

The reflected events in Traces 1, 2, 3, and 4 are completely masked, and 

the shadow zone from Traces 5 through 12 is full of diffracted signals. 

D.5. TAPERED LAYER MODEL.- Figure D.5.1. shows the geometry indicated 

as a tapered layer. In this case a band of wax one-half centimeter wide 

was used between the tapering layer and the overlying medium with the 

objective of obtaining a contrast of impedances and being able to use 

Plexiglass in the two media of propagation. 

The theoretical travel-times for this model are shown in Table D.5.3. 

In the calculation of values of propagation time of the reflected wave 

from the inclined interface, neither the delay caused by the layer of wax 

which has less velocity than Plexiglass, nor the deviation of the ray 

caused by refraction, were taken into account. The difference in time is 

very small and thus was not dealt with. 

The seismogram obtained in this experiment (Figure D.5.2.) shows a 

complex pattern of events. These events are the result of the super¬ 

position of reflections from the horizontal reflector and the two sections 

of the inclined reflector plus the diffractions from the focus represented 

by the intersection of those reflectors. In Table D.5.3. the arrival times 

of each of the events expected may be found. When the differences in ar¬ 

rival time between the reflected events and the diffracted event is measured, 

it may be seen that it is not possible to find diffraction events which have 

not been intered with by reflection signals. 

D.6. CONCLUSIONS.- The result of the experiments lead to the following 

conclusions: 

1) Presence of events due to diffracted energy always shows on 
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SOURCE 

2k DETECTORS 13 12 DETECTORS 1 

FIGURE D.5.1. "Tapered layer" model. 
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0 0.5 l.o Msec 

FIGURE D.5.2. Seismogram for 
model shown in Figure D.5.1. 
Gain 100 MY/cm. 
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REFLECTION DIFFRACTION 
Top Bottom 

Trace No. Horizontal Inclined Inclined Focus A 

1 .434 .549 .577 
2 .422 .531 .555 
3 .413 .515 .539 
4 .403 .500 .519 
5 .396 .488 .502 
6 .380 .470 .487 
7 .377 .455 .470 
8 .371 .442 .453 
9 .364 .433 .438 

10 .361 .420 .424 
11 .356 .407 .411 
12 .354 .397 .403 

13 .354 .381 .381 
14 .356 .372 .376 
15 .361 .366 .372 
16 .364 .361 .371 
17 .371 .355 .373 
18 .377 .354 .377 
19 .380 .354 .384 
20 .396 .352 .389 
21 .355 .402 
22 .359 .413 
23 .361 .425 
24 .367 .439 

Table D.5.3. Theoretical travel-time, in milliseconds, of seismic 
waves for the model shown in Figure D.5.1. 
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seismograms obtained from structural models having acute angles in their 

geometrical configuration. 

2) Diffraction occurs in the presence of curved interfaces when 

their radius of curvature is not large compared with the wavelength of 

the elastic wave. The smaller the radius of curvature becomes the 

stronger will be the diffracted energy. 

3) The amplitude of diffracted and reflected events in different. 

The smaller amplitude is characteristic of diffracted waves. 

4) The rate of amplitude decay with distance away from the focus of 

diffraction is greater for diffracted waves than the rate of amplitude 

decay of reflections from a reflector at the same depth. 

5) The amplitude of the interference wave (reflected plus diffracted 

waves) increases as the reflected and diffracted wavefronts reach a 

constructive interference. When the amplitude-distance curve is constructed 

an amplitude maximum is observed. That maximum shifts away from the focus 

of diffraction when the distance between the source and the same focus 

increases. 

6) On transition from diffracted to reflected waves the amplitude of 

the former increases. 

7) Shadow zones predicted by ray theory are "illuminated" by dif¬ 

fraction events. 

8) The rate of increment of the move-out effect is greater for 

diffracted waves than for reflected ones. 

9) The travel-time curves of diffracted and reflected waves have a 

hyperbolic form. The curvature of the hyperbola defined by diffractions 

is greater than in the case of reflections. 

10) The epicenter of diffraction is located by the minimum time 
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coordinate of the corresponding hyperbola. 

11) Diffracted waves cannot be individually distinguished when they 

interfere with reflected waves because of their similarity in properties. 

12) Diffracted waves could not be recognized particularly when they 

are distinguishable in only a few traces. The smaller the dimension of 

a discontinuity the smaller the chance of detecting pure diffraction 

energy without its being interfered with by reflected energy. 

E. APPLICABILITY OF CRITERIA TO SEISMIC DATA INTERPRETATION 

E.l. DISCUSSION.- Although the use of diffraction events has been sug¬ 

gested by such investigators as Krey (1952), Kunz (1960), Angona (1960), 

and Harper (1964) in relation to the specific problem of a fault; its 

potential application to seismic data interpretation has received little 

consideration and has been restricted to a qualitative category. The 

reason for such restriction is that, in order to use those events as an aid 

to interpreting problems, it is necessary to distinguish them from the re¬ 

flected ones and to be able to locate the focus of diffraction. This 

requirement is not generally met in a seismogram. The characteristics of 

the reflected and diffracted waves are only slightly different, a fact 

which makes their differentiation difficult. 

From the results of Chapter D it can be stated that diffraction occurs 

and its effects are felt, not only in the geometric discontinuities on 

interfaces due to faulting, but also when they are moderate folding irregu¬ 

larities on the reflector, or tapering strata. 

At this point the question arises whether diffraction may successfully 

be used in interpretation of structural features from seismic reflection 

sections. The answer could be either one of the following: 
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(1) when there is the possibility of differentiation in the seismogram 

between reflected and diffracted events, or (2) when it is possible to 

discriminate between interfering reflected and diffracted events by means 

of filtering processes. Otherwise diffraction events are classified as 

"noise" with the "coherence" property which leads to misinterpretations, 

making diffraction an undesirable event. 

In a seismogram the problem of discrimination between two types of 

waves is done by comparison of characteristics. Those characteristics are 

arrival time, frequency, amplitude, and phase. 

As was stated earlier spectral analyses were not done, however, some 

remarks will be made regarding frequency and phase characteristics of the 

diffracted and reflected events recorded. In addition, arrival-time and 

amplitude relations will be discussed. 

E.1.1. FREQUENCY.- From the seismograms obtained in this work it can be 

seen that the characteristic frequency of reflected and diffracted events 

are almost the same. However, the author believes that the frequency of 

diffracted waves must be expected to be slightly lower than reflected ones. 

The reason for this is that, depending on the relation between the radius 

of curvature of the diffracting area and the wavelengths in the spectrum of 

the incident wave, there could be reflection of the high frequency compo¬ 

nents and diffraction of the lower ones; as a result the diffraction wave 

could have a low characteristic frequency. 

In spite of a different characteristic frequency or frequency spectrum 

of typical diffraction and reflection events this is not the most convenient 

parameter for distinguishing between them. There are a great number of 

factors which control seismic frequencies such as scattering and absorption, 

thickness of layers, layer velocity, shot point variables, and characteristics 
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of the recording system particularly those involving filtering. In this way 

the use of the parameter of frequency becomes a complex statistical problem. 

E.1.2. AMPLITUDE.- From the conclusions of Chapter D it is known that dif¬ 

fraction waves have smaller amplitudes than the reflected ones, and also 

that there is a maximum in the amplitude-distance curves of interference 

waves. These facts convert the amplitude parameter into a useful distin¬ 

guishing tool. Unfortunately, as in the case of frequency, there are many 

factors which control those seismic amplitudes, making the amplitude rela¬ 

tionship useless as an interpretive tool. Some of these are interferences 

of coherent and incoherent noise, events from planes other than the plane 

of the section, absorption, reflection properties of the reflecting inter¬ 

faces in the earth, and the characteristics of the recording system where 

the most serious distortion of the amplitude relations is due to gain con¬ 

trols and the dynamic range of the system. 

E.1.3. PHASE.- The parameter of phase is one of the parameters which is 

indispensable today in the job of interpretation. It is precisely the phase 

relationship between events on adjacent traces which make possible the 

tracing of profiles of seismic events. In this investigation no analyses 

were made which would permit observation of the behavior of this parameter 

when dealing with diffraction and reflection waves. 

E.1.4. ARRIVAL TIME.- One of the conclusions obtained experimentally was 

that the effect of move-out is greater in the case of diffraction than of 

reflection. This conclusion implies that the parameter of arrival time 

could be the element necessary for differentiating the above events. Since 

the difference in arrival time is due to the geometry of the different paths 

of propagation of the corresponding waves, and since this geometry is not 

basically different in real media, it may be said that a discrimination 



between these events by means of the parameter of arrival time would be the 

most effective. 

E. 2. SUMMARY.- By means of analog models in this study it was concluded 

that there are features which differentiate reflected and diffracted waves. 

Those features are related to parameters available from seismograms obtained 

in real media. Nevertheless, the parameters of potential use in interpreta¬ 

tion were reduced to one - the travel-time parameter. The rest of the para¬ 

meters are so interfered with or distorted that they are usually inadequately 

identified or impossible to separate. In addition, the time of propagation 

is not directly involved with those parameters, making them qualitative 

rather than quantitative interpretive tools. Therefore, the key to the 

discrimination of diffracted waves from reflected ones and the determination 

of the location of the focus of diffraction in a dimensional coordinate 

system is the use of the properties of the diffracted wave travel-time curve, 

which is not so distorted and with which the time of propagation of the 

wave is directly involved. 
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APPENDIX I 

At present when isolation of events is wanted, filtering of signals 

is done in frequency and time domains. Unfortunately the filtering is 

made only with the idea of suppressing unwanted data and enhancing that 

which is desired. Since diffraction is an event which is always inter¬ 

fered with by reflected waves, the filtering process to look for must 

have another significance. This is to separate the signal into its dif¬ 

fracted and reflected components, without weakening or causing either 

one to disappear. 

In the rest of the section two types of pseudofilters will be dis¬ 

cussed. The first one of these is based on the ray path limitation for 

a reflected wave; that is, the angle of incidence of a wave is equal to 

the angle of reflection of the wave; that law does not apply to diffrac¬ 

tion. The second one is based on the hyperbolic form of the "T0" times 

curve of diffraction. 

The ray path geometry for a reflected and a diffracted wave is 

analysed in Figure 1.1. In the first of the diagrams the ray path of a 

reflection at the point "P", which is considered to be in a horizontal 

layer, is shown. Considering the laws of reflection of plane seismic 

waves,the only one of the receivers A, B, or C capable of detecting the 

reflected wave is B. If the point P is now considered to be the last 

point of a plane layer in a discontinuity, it will be a diffraction event 

in receivers A, B, and C, where the one picked up by B follows the laws of 

reflection. With all of this in mind it is easy to deduce that if it were 

possible to isolate every single point in a reflecting layer, using a 

display of receivers on the surface, it would be possible to detect the 

reflection from any given point in only one of the receivers, if that 
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point was a reflector point. If that were not the case and a diffractor 

point were being dealt with all of the receivers would detect a signal. 

In this way the two events could be differentiated without difficulty. 

At present with the development of common depth point techniques, which 

allow multiple reflection recordings from a common depth subsurface 

point, the isolation of the reflected event from a single point in the 

subsurface can be made by means of phase correlation when the common 

traces are displayed in a section.If in that section those traces are 

added which do not belong to that common point recorded signals will be 

obtained from outside of the limited area in which a reflected wave from 

the point can be reached. Therefore, if an event is phase correlated in 

the group of common traces and that correlation can be followed through the 

noncommon traces, undoubtedly the recorded signal is due to diffraction. 

Otherwise it is a reflection. 

Now that there is a way to separate diffraction from reflection sig¬ 

nals the problem is to locate the diffraction focus. Fortunately at this 

point the problem is easy to solve since it has been established that the 

minimum time of the hyperbolic arrival-time curve shows the epicenter of 

the diffraction and the focus depth can be found using that minimum time 

and the velocity law in the area. 

When there is no multiple coverage of the subsurface available, but 

instead a single one, discrimination of events cannot be made with the 

technique described. In this case a method for so doing is based on the 

properties of the "T " time curve of diffraction. 

The application is done by plotting the data in a time-distance 

section. In this way diffraction curves are not well-identified. From 
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there the data is plotted in a section where the horizontal axis was 

scaled down by half around each shot point axis. In this way, reflection 

data will tend to be a straight line and diffraction data will tend to 

follow the hyperbolic form of the "T0" time curve of diffraction. This 

curve shows a much greater curvature than those of reflection or diffrac¬ 

tion in the first section. Therefore the location of the focus of dif¬ 

fraction can be found with more accuracy in the usual way; that is, by 

the parameters of the minimum time of the curve. The logic of this 

method is shown in the following discussion. 

Figure 1.2. represents the geometric analysis of the reflection and 

the diffraction paths with time "T0", which is defined as the propagation 

time of an event which has the same return path after diffracting or re¬ 

flecting. The reflector is called "A" and the diffraction focus is "D". 

The analysis is made for seven correctable seismograms obtained by set¬ 

ting the detectors symmetrically on either side of each shot point. The 

results are these: 

a) The graph of reflected "T0" times indicates the form of the 

reflector. In the case of dipping layers these differ only in the apparent 

position of the reflecting surface. Therefore it is necessary to migrate 

the data. 

b) When the "T0" points of the diffraction hyperbolas a, b, c, and 

d are united, a hyperbolic curve "D" may be visualized with a larger 

curvature than the others and hence comparatively much larger than the 

reflection hyperbolas with the same Z . With respect to the comparison 

with the graph of reflected “To" points, it may be seen that these graphs 

are dependent on the geometry of the reflecting surfaces, while the dif¬ 

fraction curve D is independent of that factor having a constant hyperbolic 
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pattern. 

c) It should be noted that the minimum time of the curve D continues 

indicating the location of the diffraction epicenter. 

d) The equation which defines the family of diffraction travel-time 

curves a, b, c, and d is = auD -*sp)2+ Z-P ]'/2)/v 

where Z = 

when X= => t\> = T© 

The asymptotes to the curve are expressed by Xp"X = ±(vVZp1 with slope 

. The center will be defined by the point with coordinates 

x=*D ,vltx*-x«y-+z5]Vv 
e) From the geometry of the path the equation which defines the 

travel-time curve D for "T0" diffraction times may be deduced as 

To = 2 L(V*S»)%. z£] l/z/v , T.'-T* 

The asymptotes to this hyperbola are defined by X^-Xspst^ its 

slope is v-k*- ~ — -^=— and its center is located at the points with co- 
dXsP V 

ordinates XsPrXp > "To — O 

f) It is observed that the slope of the asymptotic lines to the 

curve D is twice the slope of the asymptotes to curves a, b, c, and d. 

If for each one of the curves a, b, c, and d the slope of its asymp¬ 

totes is apparently equal to the slope of the asymptote of the hyperbola 

D a family of hyperbolas will be obtained which are asymptotically paral¬ 

lel to hyperbola D. The apparent equalization of slopes would be obtained 

by means of reducing by half the horizontal scale for such curves a, b, c, 

and d. If that shortening of scale is done for each curve having its own 

shot point as center of coordinate axes it will result in a family of 

hyperbolas asymptotically parallel having common points with hyperbola D 

when Tp - Te . The graphic result of diffraction and reflection 
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travel-time curves twice compressed along its own shot point axis are pre¬ 

sented in Figure 1.3. 

Figure 1.3. shows a graph which represents the consequences of the anal¬ 

ysis of the preceding ones after compression. Studying their features it 

is concluded that: 

a) The envelope of the diffracted travel-time curves is characterized 

by its hyperbolic pattern and it is correspondent to a diffracted wave "T0" 

travel-time curve which has a larger curvature than any of the originally 

observed travel-time curves, while the envelope of reflected travel-time 

curves remains the same and dependent on the geometry of the reflecting 

surface. In this way it is possible to differentiate diffracted events 

from reflected ones in a more unambiguous way. 

b) From the diffraction "T0" travel-time curve it is possible to 

identify the location of the focus of diffraction by using the fact that 

its minimum time is situated just above the diffraction epicenter and the 

depth can be found by using the expression Z.© =• , or by tracing 

a family of circles with center at each point X and a radius of Z.Y> =. !Oa. . 
Z 

The intersection point of that family of circles will show the location of 

the diffraction focus. 
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