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And this is the end of Seismic Basics in 5 pages
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What is the acoustic impedance ?
The product of density and velocity in a given layer.

What is a seismic reflection ?
The energy or wave from a seismic source which has been reflected (returned) from an 
acoustic-impedance contrast (= reflector) or series of contrasts within the earth. The impedance 
contrast is:
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where:
ρi is the density in the i-th layer
vi is the velocity in the i-th layer
R is the reflection coefficient at the layer boundary. Or in other words: acoustic impedance 
contrast. You can calculate it easily, if you know the velocity and density in the layers (for 
example from well-logs or cores).

- comment 1.: The equation is valid for normal incidence on the interface for P-wave. In the more 
general case of a plane-wave incident at an angle, both reflected P- and S-waves will be generated.  (-> Zoeppritz’s
equation) [2].

- comment 2.: the relationship is obtained by solving boundary condition equations which express 
the continuity of  displacement and stress at the boundary [2].

Seismic reflector: A contrast in acoustic impedance, which gives rise to a seismic reflection.

Earth response model

WHAT DO WE SEE ON A SEISMIC SECTION AND WHY ?
Answer: we see seismic reflections as function of time or depth. The reason is the  reflection of the 
seismic waves from the layer boundaries and faults. (Comment: plus in reality we can see a lot of  
different noises.)
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(c) (b)(a) (d) (e)

DISPLAY MODES IN SEISMIC

Back/white display modes. (a) Wiggle (or squiggle) trace. (b) Variable area. (c) Variable density. 
(d) Wiggle trace superimposed on variable.

Color display mode. 3D data from different lines or different time slices may be composited
together to form a variety of displays as this chair display. (Courtesy Prakla-Seismoc AG.)
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Color display mode. 3D fence diagram. Here several lines and a tracked horizon 
are combined. (Courtesy Prakla-Seismoc AG.)
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Reflection configurations. (a) Reflection patterns on seismic sections. (b) Three-dimensional
shapes of seismic facies units. (After Sangree and Widmier, 1979.)

REFLECTION PATTERNS AND CONFIGURATIONS
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EXAMPLES OF REFLECTION PATTERNS (AND CONFIGURATIONS)

Examples of onlaps.
Onlap: aggradation against 
a previously formed sloping 
surface (e.g. on a sequence
boundary on a seismic
document. Indicates rising 
sea-level (the definition
of the erosional truncation 
is on page 12).
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Example of downlaps. Downlap: Progradation on a previously formed basal surface. Indicates 
starvation.

Example of toplaps. Toplap: Progradation bounded by an upper limiting surface. Indicates sea level 
stillstand.
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Example of erosional truncations: Termination of strata or seismic reflections interpreted as strata 
along an unconformity surface due to post-depositional erosional effects. 
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FAULTS

Fault: a displacement of rocks along a shear surface. The surface along which displacement
occurs is called the fault plane often a curved surface and not ‘‘plane’’ in the geometric 
sense [2].

Fault types [2]
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P WAVE VELOCITIES
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On a seismic section you can compute
the thickness of a given layer, if you 
know the interval velocity (vinterval) for 
example from the acoustic (=velocity) log, 
and the TWT (=Two Way Traveltime) 
from the top to the bottom of the layer:

(t2 – t1) * vinterval

Layer thickness =    -------------------
2
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DIRECT HYDROCARBON INDICATORS

Hydrocarbon indicator (HCI or DHI): A measurement that suggests the 
presence of a hydrocarbon accumulation. See table below. The most 
important are outlined with red. The indicators can also be caused by things 
other than hydrocarbons.
They are also called DHI for ‘‘direct HCI’’ or direct detection, although there 
is nothing direct about them [2]. 

Comment:. All indicators can have causes other than hydrocarbons; a case for 
hydrocarbon accumulation is stronger where several indicators agree.
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The variation in the amplitude of a seismic reflection with angle of incidence 
or source-geophone distance. Depends on changes in velocity, density, and Poisson’s 
ratio (i.e. the ratio between the longitudinal and transversal wave in the medium). See 
mathematical details in the ‘Seismic Basics in 5 Pages’ on page 5 ! 

AVO  often used as a hydrocarbon gas indicator because gas generally 
decreases Poisson’s ratio and often increases amplitude with incident angle/offset. Other 
conditions can produce similar effects. 

AVO: Amplitude Variation with Offset

Seismic ray paths with different angle of incidence or source-geophone distance.
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THE MAIN PROBLEM OF AVO
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SEISMIC ATTRIBUTES

Seismic attributes: any measurement based on seismic data. Any measurement derived from seismic 
data, usually based on measurements of time, amplitude, frequency, and/or attenuation. 
Generally, timebased measurements relate to structure, amplitudebased ones to stratigraphy
and reservoircharacterization, and frequency-based ones /while often not clearly understood/ to 
stratigraphy and reservoir characterization. Attenuation measurements are usually very 
uncertain. Measurements are usually based on stacked or migrated data, but prestacked data 
are used in determining stacking velocity /q.v./, AVO /amplitude variation with offset, q.v./, and 
other attributes. Because there are many ways to arrange data, attributes constitute an open 
set, and because they are based on so few types of measurements, attributes are generally not 
independent. Attributes are useful to the extent that they correlate with some physical property 
of interest. The primary usefulness of attributes is that they sometimes help one to see features, 
relationships, and patterns that otherwise might not be noticed. Seismic measurements usually 
involve appreciable uncertainty and do not relate directly to any single geologic property. With 
so many geologic variables, correlation with a particular property in one situation is apt to not 
hold in another situation. Attributes generally respond to a variety of geologic situations and a 
geologic change may mean a change in the correlation. The problem is determining the limits to 
an observed correlation, especially when we do not understand the underlying physics—How 
wide ranging is a correlation valid? During a Direct Detection Symposium in 1973, Miller 
Quarles presented numerous processing schemes to enhance hydrocarbon signatures; in 
response to a question about the ‘‘scientific basis of all these attributes,’’ he responded, 
‘‘We don’t know yet, but remember, (we) invented them.’’ Unfortunately we still do not 
understand how to relate most seismic attributes to geologic causes and situations.
Among the ways we calculate attributes are smoothing and averaging over windows of various 
sizes, finding residuals, peak values, measuring the distribution within a window /mean, median, 
kurtosis, percent greater/smaller than a threshold, sums, residuals, scatter, etc./, continuity, 
edges, smoothness, linearity or curvature, gradients or other derivatives, absolute values, 
polarity changes /zero-crossings/, peak-trough differences, etc. Relations may be measured 
over windows /spectra, correlation, semblance, covariance/, etc. Attributes can be measured 
along a single trace or throughout a volume or in other ways. The first attributes identified as 
such were the 1D complex-trace attributes of envelope amplitude, instantaneous phase, 
instantaneous frequency, and apparent polarity /see complex-trace analysis/ and acoustic 
impedance /or velocity/ determined by inversion /q.v./. Attributes may be measured along a 
defined /picked/ surface /horizon attributes/ such as amplitude extraction, dip magnitude, dip 
azimuth, artificial illumination, and coherence/q.v./. Hydrocarbon indicators /q.v./ are attributes. 
Attributes can be combined to make new attributes. Transformations of attributes are sometimes 
given physical-property names /porosity, fluid saturation, lithology, stratigraphic or structural 
discontinuity, etc./, usually based on local crossplots or local correlations with borehole-log or 
other measurements; they may be reasonable approximations locally but they are apt to give 
erroneous values under different circumstances. [2]

SINGLE ATTRIBUTES:
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Seismic attributes. ‘‘Windows’’ can be constant time 
intervals, constant intervals hung from one horizon, or
intervals between horizons.
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COMBINED MULTIATTRIBUTE ANALYSIS BASED ON GEOSTATISTICS

The method combines geostatistics and multi-attribute transforms integrating the 
seismic data with the well log. The computed output of the process can be petrophysical
or any other reservoir parameter map (‘property grid’) with statistically estimated 
uncertainty grid.  

Example to multiattribute statistical analysis: the red cells show higher than 80 % 
correlation between the reservoir parameters and the seismic attributes! It means,
that we can estimate the reservoir parameters away from the borehole.
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These figures represent the 
2D-3D visualization of a fluvial 
channel  based on multiattribute
analysis of the well-log and 
seismics.


