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Chapter 1 ¢eismic Fundamentals

1.1 Seismic Data Acquisition and Processing

Seismic reflection profile can be obtained by seismic prospecting. Although there are still
some technical problems in seismic prospecting in mountain, desert and complex tectonic zone for
the moment, seismic prospecting has become a widely used mature technology. Multiple coverage
technology like common mid-point (CMP) or common depth-point ( CDP) is usually adopted in
seismic prospecting, as shown in Figure 1. 1.

By means of field geophone array operation and indoor sort demultiplex, different stack
velocity is selected to conduct normal moveout correction; after having conducted stack, the
multifold reflection wave is obtained ( Figures 1.1 and 1.2) , whose signal would be more largely
strengthened than that picked up by single geophone, and simultaneously, the noise can be
suppressed and the signal to noise ratio (SNR) can be enhanced. Seismic profile can also be
obtained by many other processing procedures like migration and zero-phase processing, and
relevant contents refer to Principles and Methods of Seismic Prospecting ( He Qiaodeng 1986 ).

As shown in Figure 1.3, the seismic data acquisition and processing procedure can be briefly
described as follows: when the seismic wavelet (one pulse wave) reaches the point O of a
reflector, it would result in a reflection wave, which is received by the geophone and seismic
record 1 is obtained. If multiple excitation and receiving are conducted in horizontal direction, by
means of various processing, stacking and migration, a series of seismic records of different points
of the reflector can be formed. The axial line composed of identical reflection wave phases of the
same reflector is called line ups (event) , whose fluctuation shape reflects the tectonic form of the

reflector.
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Figure 1.1 Common mid-point reflection waves (Badley, 1983 )

(a) Geophone array of shot point and receiver. The shot and detection for the 1, 2" and 3™ time are actually on the

same line, with receivers arrayed in equal interval; while shooting for the 2™ and 3™ time, the shot point shifts an

interval leftwards each time, therefore, the same row of receivers in vertical direction are in the same position in field

operation. (

b) As for the common mid-point (CMP) shown in the Figure, there are two common depth-points ( CDP)

on the two subsurface reflectors, by means of which, while shooting at S, , seismic wave is received by R;, at S,,

received by

R;, and at S5, received by Rs. (c¢) The seismic record of R, at the time of 1*shooting, of R, at the time

of 2" shooting and of R at the time of 3 shooting are the reflection waves coming from the same common mid-point,

therefore, they can be extracted from the geophone array, and then recombined together, this is called demultiplex. The

reflection waves of reflectors 1 and 2 constitute 2 T-X curves

Distance
X Xa X3 Xsa Xs
T, hi-=—=—>>>>>— To — —_
o Qo
E E
= =
(a) Raw data (b) After normal moveout correction (c) Stacked trace

Figure 1.2 Stack of common mid-point reflection waves (Badley, 1983)

(a) Reflection waves coming from the common depth-point ( CDP) constitute a T-X curve. (b) By means of
normal moveout correction to T-X curve, the reflection waves coming from the common depth-point are

corrected to T time, i.e. , the zero offset two way time from surface to common depth-point. (c) After the
reflection waves coming from the common depth-point ( CDP) having been corrected to T time and stacked,

the reflected signal is strengthened, and the number of signals taken part in stack is the seismic fold
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Horizonal distance
Geophone —— Surface

Reflector

Transmission wave
1234

567 8 91011 Horizonal distance
b e e e e e S

P @ — ¥ Surface

Time

Figure 1.3 Reflector and reflection waves ( modified from Anstey, 1982)
As shown in Figure 1. 3, the prerequisite for generating seismic reflection wave lies in

reflector and seismic source, i.e. , acoustic impedance boundary and seismic wavelet.

1.2 Seismic Wavelet

The seismic pulse wave excited by field shot, gravity hammer or air gun is called seismic
wavelet. Seismic wavelet consists of two basic types: minimum phase wavelet and zero-phase
wavelet; the former is the true field seismic pulse wave, while the latter is a theoretical wavelet.

The extreme point of seismic wave vibration is called phase, which is used to describe the
shape and time position of reflection wave. The time span between two adjacent phases is called
cycle, which is used to represent the time span of reflection wave. The reciprocal of cycle is
called frequency, in unit of Hz, which is used to represent the number of vibrations per second.
The distance from peak or trough extreme point to balance point is called amplitude, which is
used to represent the strength of reflection wave. The range of all occurrence frequencies in the
seismic wavelet is called bandwidth, which is used to judge the capacity for seismic wave to

distinguish the geologic body (Figure 1.4).
1.2.1 Minimum Phase Wavelet

The seismic pulse wave excited by field shot, gravity hammer or air gun is generally

characterized by: starting from the reflector, the energy mainly concentrates on the head of the

— 5 —
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wavelet, while the energy (amplitude) in the middle and at tail weakens gradually, and this is a
kind of asymmetric seismic wavelet. In seismic interpretation, the 1" phase, i.e. , the minimum
phase is taken as the phase corresponded by the reflector; therefore, it is termed minimum phase

wavelet (Figure 1.4).

Minimum phase wavelet Zero phase wavelet
Shale
Normal reflection Tieko plhiaiss
bo = ero —— —_
undary I I Ist pl"as"'e(’M‘mimum phase)
T 1 2nd phas
T T 3rd phase
CLi ]
ulnesto‘n ol 4th phase
| I I | | 5th phase
I I I
|
I I I
I I
I 1 I
T - T I T Field wavelet Theoretical wavelet
I
T | Big head,small tail Symmetric wavelet
|

Zero phase amplitude is
maximum,correspondent
reflction boundary

Zero phase amplitude is zero

Figure 1.4 Minimum phase wavelet and zero-phase wavelet

1.2.2 Zero-phase Wavelet

Zero-phase wavelet is a kind of symmetric theoretical wavelet. The point of peak amplitude
value corresponds to the reflector, i. e., at the point of zero phase, the amplitude is the
maximum, the energy is the strongest, and it is a symmetric wavelet by taking the zero phase as a
symmetric axis ( Figure 1.4). For instance, Ricker wavelet; the zero-phase wavelet designed by
Ricker is a mathematical function in which when the phase is zero, the amplitude value is the
maximum (A=1.0, w =0), and the amplitude contracts with the increase of absolute value of
the phase, i.e. ,

b(e) = [1-2(mfyr)*]e ™" (1.1)
Where, f, is peak frequency, and ¢ is time.

Zero-phase wavelet is a theoretical wavelet, requires the rock particle to start vibration before
the incident wave reaches the reflector, and the vibration of particle to reach the maximum when
the incident wave front reaches the reflector, which is enigmatical in geophysics.

The biggest difference between minimum phase wavelet and zero-phase wavelet lies in that

the former is a true seismic pulse in nature, while the latter is a contrived and theoretically tenable

— 6 —



