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Step 1
In the basic two-term AVO 
equation;
 R(0) = A + B sin²𝛳𝛳, DQ uses 
approximations for A and B  
given as:

A = Near Partial Stack Trace
B = (Far - Near) Partial Stack 

Traces

These input traces allow us to 
also apply eight phase-shift 
filters that convert the Near/Far 
seismic traces to a DQ relative 
porosity trace.
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Fun Facts

DQ is a layer-based display 
of relative porosity. It is a 
preconditioning step to an 
AVO quantitative 
petrophysical inversion for 
pseudo-porosity/HPV.



Fun Facts

ThetaPX is an AVO Elastic 
Impedance trace that also 
captures porosity and 
Hydrocarbon Pore Volume 
(HPV) effects. It is combined 
with DQ and Half Isochron in an 
ML or inversion program.



Fun Facts

The DQ family of 
attributes are 
intermediate products 
that support advanced 
ML and inversion 
programs.



Fun Facts

They intentionally have 
exceptional utility for basic 
workstation interpretation 
processes.



6

Define Acoustic Layers with Peak - Trough - Zero Crossings.
DQ: 1) picks all zero-crossings 2) picks all Peaks/Troughs.

Near Stack
Inline 10132

Far Stack
Inline
10132

A
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Let’s plot 
StickOgram





Stick o gram
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DQ calculates full isochron and half isochron values between all picks on the stick-o-gram.

Half Isochron

Half Isochron helps define Facies using Changing Thickness and Asymmetric Waveforms shapes. Fault zones and
Channel edges also appear on the DQ isochron sections (letters A and B).

A A

B B



Let’s plot 
Isochron and 
Half Isochron







Asymmetry in well
logs causes unequal
Half Isochron layers.



DQ and ThetaPX input models for 
quantitative petrophysical inversion of 
a Class 1 sand.

DQ is an intermediate product on the
way to a final product.
The shapes herein are relative
porosity, but without calibration to
wells.
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DQ Inversion is a combination 
of Acoustic Impedance and
Elastic Impedance inversion 
but performed in a 
simultaneous manner.

Shown here are Inversion
results using DQ inputs for
Vsand and HPV.

DQ correctly predicted that the
upper sand was wet and the
lower sand had gas.

Numerical petrophysical 
predictions have now been
assigned to each sample in the 
3D cube.



Example of Quantitative 
Petrophysical Inversion for Porosity
and HPV using DQ wedge models.

The prediction results for this Class 3,
stratigraphic pinch- out are
exceptionally good.
Most inversion programs do not
perform well in thin beds.



Let’s plot DQ 
and ThetaPX





The DQ family of attributes can be used for both GMM and
GLCM machine learning. The advanced preconditioning done
by DQ allows for some inversions without ML.

Half Isochron

42



STEP

01
Vector 
Addition with 
D = √ (A² + B²)

STEP

06
Expansion of AB 
Crossplot to 3D 
with Signed Half 
Isochron

STEP

05
AB graph sector 
splitting into 4, 
not 2 sectors

STEP

04
Shale Baseline 
at X-axis, not -
45°

STEP

03
Amplitude 
balancing for 
each phase-filter

STEP

02
Convolution, 
not 
deconvolution 
with 8 phase-
filters
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Step 3
• Sand and carbonate visibility suffers in regions of Class 2 
and 2p polarity reversal and phasing between the near and 
far offset traces.

• Regardless of the amplitude of the stack trace or the 
acoustic impedance (AI) curve the vector equation allows the 
visibility of the sand bodies from letters A to D to remain 
consistent.

• A vector equation is why the Hilbert amplitudes do well in an 
ML learning session. That equation is:

• Hilbert Envelope = √ (A0² + A90²)

• DQ does even better because it uses both acoustic and elastic 
impedance data with the same vector equation.

Vector Addition with D 
= √ (A² + B²)



The arithmetic addition of near trace peaks with far trace troughs does not allow the stack data (left
map) to return a correct presentation of the Hod horizon at the Volve field, Norway. The vector
addition of the DQ processing makes the eroded channel base visible (right map).

46



The arithmetic addition of near trace peaks with far trace troughs does not allow the stack data (left
map) to return a correct presentation of the Hod horizon at the Volve field, Norway. The vector
addition of the DQ processing makes the eroded channel base visible (right map).

47



The arithmetic addition of near trace peaks with far trace troughs does not allow the stack data (left
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Step 4
Convolution, not 
deconvolution with 8 phase-
filters
The transition from sinusoidal to layer-based 

traces uses the 8 phase-filters. It defies four 

decades of industry norm and is the hardest 

aspect to DQ processing to understand.



Convolution gives a more precise answer than deconvolution during acoustic
impedance inversion because the extracted trace amplitude spectrum is not
modified; the layering model is fully preserved. As a result, much higher resolution
and smoother transitions happen compared to deconvolution-based inversion.

DQ 10132 Acoustic Impedance 10132

S

T
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Step 5
The pattern for applying the 8 phase-filters is how the
DQ trace is able to return the shape of a porosity log.
It is also necessary to scale each filter to a different
amplitude as seen in the lower right graph. Until that
is done, every DQ trace looks like a Hilbert transform
amplitude envelope; it has an umbrella or “D” shape
like #7 below.



The upper right graph shows
why deconvolution is not
needed. A peak or a trough
amplitude is linearly proportional
to the magnitude of the reflection
coefficient that caused it to
happen. By turning all the
samples into peak or trough
equivalents, the relative strength
of that internal sample’s reflector
is portrayed had it been located
at the acoustic boundary. That in
turn gives back the shape of the
porosity log that generated the
RC series.
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Step 6
Shale Baseline at X-axis, not -45° AB graph sector 
splitting into 4, not 2 sectors

Three sets of wedge models are shown on the RDQ 
Crossplot. They occupy 4 sectors of the graph and the Shale
Baseline is on the X-axis. Notice that both Distance and
ThetaPX respond to a change in porosity.

Only Distance responds to a change in sand
thickness. The A & B components both
contribute to porosity prediction which is 
why DQ traces are called relative porosity
traces.

Gas Sand Wedge Model
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Step 7
Four patterns persist on RDQ
Crossplots. Two involve tightly clustered
data like letters A and B, and two involve
linear data trends like letters E and D. All
are desirable for
pre- inversion. The band-limited nature
of seismic data causes an interval of
transition to happen in “boundary shales”
at letter D which is undesirable for the
DQ display, but unavoidable. It is easily
fixed during inversion.

Expansion of AB Crossplot 
to 3D with Signed Half 
Isochron
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Newly published data by David Went in 
TLE shows acoustic impedance and 
shear impedance data crossplotted for 
a North Sea oil field as is the case for 
the Volve field. The break- out of 
patterns and trends is minimal here.
Graphs a) and b) look very much like 
the Near & Far seismic data from Volve 
(letter f).

The phase-filter, optimized and rotated 
datapoints of the RDQ crossplot in e) 
have far better clustering and linear 
trends developed. Inversion and ML 
programs will have a much better 
chance of predicting lithology, 
porosity and pore fluids when the 
crossplot patterns are this succinct.

f)





Timeslice 2408 ms



Thank you!
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