
HYDROCARBON   DETECTION

Gardner’s rule: relationship between density and velocity

In the simplified formula for the reflection coefficient, density is neglected:

this is a generally acceptable approximation.  

The presence of gas within a sequence produce a decrease in velocity, but also in 

density. Both the velocity and the density contribute to decrease the acoustic 

impedance and also to increase the value of the reflection coefficients.

Generally, high coefficients allow us to recognize the presenceof gas.
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HYDROCARBON   DETECTION

Willie’s  Equation : 
relation between the velocity of the rock matrix, 

the velocity of fluids and the porosity of the rocks.

As stated earlier, porosity is often the most important factor 

in determining the velocity of rocks.

Willie’s equation is often used:
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HYDROCARBON DETECTION
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In general we will have:

- an average positive reflection coefficent medio  tra argille e 
sabbie  sature in acqua

- un coefficiente negativo , talvolta positivo, tra argille 
e  sabbie sature in gas  

* se accumulo superficiale: 
alto Rc in valore assoluto 
=> BRIGHT SPOT

*  se accumulo in reservoir
carbonatico all'interno di
argille: ridotto Rc in 
valore assoluto  
=> DIM SPOT

- un buon  coefficiente tra sabbie sature 
in  gas e sabbie sature in acqua  
=> FLAT SPOT

Mocnik, 2012
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Avseth et al., 2010

Bright e dim spots

… what type of event do we 

expect, a hard or a soft? A 

positive pick or a negative 

trough?
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Ambiguity 

to interpret 

a Bright Spot

Reflection 

strength 

DHI = Direct  Hydrocarbon  Indicator
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Examples of  

Bright  (T) and

Flat (B) Spots

Del Ben Anna - Interpretazione Sismica – Evidenze Gas



Gas-liquid contact:

- it must be necessary a positive reflector,

- despite the term flat-spot, this contact is not necessarily flat and/or 

horizontal in twt, due to pull-velocity effect.

- It is generally flat only in the 

- depth migrated profiles.

- Sometimes the flat-spot is not horizontal

even in the depth migrated profiles, generall

due to the presence of faults or due to 

lateral change of the permeability.

For wboreholes siting and reservoir evaluation,

each anomaly must be defined very precisely.

Note: this reflector can often cross the 

reflectors of sedimentary sequences!
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Example of  a Flat Spot  related to a reservoir: Calabrian Arc
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Ambiguity to interpret a    

Flat Spot

DHI = Direct  Hydrocarbon Indicator

reflector ascribed to the 
diagenetic variation from CT opal to quartz, 

due to pressure 

Del Ben Anna - Interpretazione Sismica – Evidenze Gas



HYDROCARBON DETECTION (HDI)

Although we often spoke of  direct recognition, in reality HDI is the 

identification of  the acoustic contrast associated with the presence

of  free gas.

Therefore, the seismic evidence of

a gas accumulation depends on:

- overlying material, 

- porosity, 

- depth, 

- water saturation,  

- reservoir configuration. 

Anstey (1977) lists the criteria for the direct identification of  a 

reservoir. All these criteria must be analyzed for a  correct

interpretation.

Impedenza

acustica
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1) Gas-liquid contact  (flat-spot)

It represents  the reflection related to the variation in the fluid 

phase: above, the porosity is occupied by water and free gas, 

below, the porosity of the same lithology is occupied only by 

water.

Being a surface due to the distribution of fluids as a function 

of their density, it will depend on the pressure and will 
therefore be, in general, a horizontal surface.

da Anstey (1977) 
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2) Anomalous Reflection Coefficients

Generally our attenction is attracted by amplitude anomalies, but we

must remember also the effects due to:

- amplitude gain in the initial processing phases

- the effects due to the frequencies (low frequencies events seem to be 

more wide)

- the tuning effects, that are a  positive 

interferences 

Although such ambiguous situations are possible,

the main amplitude anomalies are often associated

with gas accumulations:

BRIGHT SPOT or   DIM SPOT

(which do not necessarily mean

sand or limestone with gas).

by Anstey (1977) 

Tuning: the constructive

interference between the 

two converging reflectors

should not be interpreted

as Bright Spot
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3) Anomalous Low  Velocities

The presence of gas in large quantities always gives a 

significant decrease in velocity (non-bi-univocal rule); 

this decrease can be highlighted directly by:

- low interval velocity between the  top and the bottom of the 

gas saturated layer, if they are sufficiently separated

- decreased of the stacking velocity 

(rms velocità) 

- pull-down at the base of the

reservoir and below it

by Anstey (1977) 
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4)  Polarity Inversion

This is corroborative evidence, non necessary, to establish the 

presence of gas: 

-if and only if there is a positive reflection coefficient between two

lithologies, of which the deeper one is water saturated

and, 

- if and only if the local replacing of water in the pores with gas 

gives a negative reflection coefficient,

 polarity inversion will occur. 

However, this effect is often difficult to 

recognize due to interference, and can 

sometimes be confused with the presence

of small faults.

da Anstey (1977) 
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peg-leg

Shadow

Multiple produced by a reservoir

5) Shadows

Incorrect processing phases can lead to reduction of the 

amplitudes above and below a bright spot.

Furthermore, the bright spot itself can 

produce multiples.
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6) Diffractions

Diffraction can be produced when: 

-high contrasts of acoustic impedences, common 

condition when there is presence of a bright spot; 

-sufficient thicknesses of the reservoir and abrupt lateral 

variation of velocities (as in presence of faults),

while there are generally no diffractions in the presence 

of lenticular sandy reservoirs.

da Anstey (1977) 
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7) Inter-relation between previous criteria

The single criteria defined above are simple manifestations 

of single properties. 

The criteria must be mutually compatible:

for example, a large positive amplitude reflection at the top of 

a reservoir is not compatible with a decrease in interval 
velocities …

da Anstey (1977) 
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Seismic effects related 

to the diffuse presence 

of  gas : 

“gas chimney”

Subsoil area with a low gas 

concentration generally 

widespread toward the top. 

This gas generally starts from 

a hydrocarbon accumulation 

covered with a rock which is 

not perfectl impermeable to gas or from a system of  (micro-) fractures that 

allow the migration of  gas toward the surface (gas leakage).

It usuall shows a region of  extremel deteriorated seismic quality, often 

associated with low velocity and  topull-downs of  the reflectors beneath the 

chimney itself.  

Gas-leakage phenomena can produce typical surface structures (pockmarks, 

mud volcanoes, etc).
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The effects of the gas leakage on the surface are generally visible through the use of higher 

resolution geophysics (Side-Scan Sonar, Multibeam, Chirp) that the common reflection seismic: 

in fact, these are structures connected to the liquefaction of melted sediments (pockmarks and 

mud-volcanoes) and micro-fractures of the order of a few tens or a few hundred meters: the 

largest of them can obviously also be seen along the reflection seismic profiles.
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Example of  seismic effect due to the presence 

of  diffused gas within sediments
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Example of  seismic effect due to the presence 

of  diffused gas within sediments: 

bright spots e gas chimney
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Shallow evidence of  fluids seeps in 

the sea bottom : mud volcanos
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profile

slice

In the profile we can recognize 

gas pockets that origin  

“gas-seeps” on the sea bottom 

through a normal fault system, 

also evident on the slice.
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In this example the presence of gas within
sediments leads to an important gas seep

in the water layer (gas plume), well
evident also in the seismic profile.
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Shallow Evidence of  gas-seeps
in the sea bottom of  the pockmark

Otranto Channel
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Evidence of gas-seeps

in the 

Central Adriatico Sea.

The buried salt diapirs 

produced structures 

where accumulations of 

gas  developed, even 

with fracture systems 

that allow the tertiary 

migration of fluids 

toward the 

sea bottom.

Multibeam data often 

highlight groups of 

pockmarks, generally 

aligned along the 

fractures.
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Croatian Offshore 
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Seismic Attributies:  
a useful tool to 

define the 
presence of  gas in 

sediments

In the example:

Reflection 
strength

Evidence of  gas 
pockets and 

vertical fluid paths
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Seismic profile in in the Central Adriatic Sea

section detail

stack  migrated
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4C seismic
or

Multicomponent  seismology

- multicomponent acquisition technique
(P and  “converted S” waves are recorded)

- born in the early 90s in the North Sea 

- was presented for the first tinme at an

EAGE meeting in the year ’94

- was marketed in 1996 

- is based on 4 components (4C) 

using 3 geophones and 1 idrophone
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… 

For P wave incidence angle > 0°

(non-normal incidence), awe will

have:

 transmitted P wave, 

 reflected P wave (PP) 

 converted S wave (S), in turn 

divided into transmitted and reflected

(PS).

Zoeppritz Equations:

provide the value of reflected and 

transmitted amplitudes of P and S as

a function of:

- incident angle, 

- reflection angles of P and S,

- transmission angles of  P and S,

- velocities of P and  S waves, 

- densities. 
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Diagram of  an incident wave P (downgoing):
it origintes the riflected waves PP and PS, 

both “upgoing”, which cross the gas layer: 

while the PP waves are mostly dispersed, the PS  waves cross 

undisturbed through the rocky matrix.
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Seismic 4C

While for the reflected P 

wave the reflection angle 

is equal to the incidence 

angle, for the converted 

PS wave the reflection 

angle is smaller; 

Therefore the registration 

points  or, alternatively, 

the investigated 

reflecting points, will be 

different.

While for the PP section 

we will talk of 

Common Mid Point 

(CMP), for the PS section 

we will talk of 

Common Conversion 

Point (CCP).

Note: the raypath of the 

converted S is not symmetric
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Sismica 4C
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Seismic 4C

-4C Seismic used at sea (cheaper 

and easier to apply)

-S waves are not transmitted in fluids

These instruments will be:

- two geophones to measure the horizontal components (perpendicular

to each other and to the direction of the wave, considered vertical) 

(b & c) 

- (d) a geophone to measure the vertical component

- (a) un hydrophone to measure the pressure variation PP

PS

The recording tools must be placed 

on the seabed (implies the need to 

make  static corrections). 
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The two sections, PP and PS, are 

not alternative but complementary, 

both of them are useful (necessary) 

to an optimal evaluation of the 

reservoir.

The 4C seismic offers several 

possibilities of applications, as:
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PP migrated section                                           PS migrated section

Seal not perfectly efficient.

The PS  waves will furnish a good description of the target, 

The PP will be considered for the wells planning.
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Sonic logs

for PP and PS waves 

in well in a production field.

Velocity of the  S waves: 

clear  contrast at the top 

and at the base of the 

reservoir, 

no significant contrast

at the oil/water contact. 

Velocity of the P waves:

different gradients 

at the  top of the reservoir, 

but not clear contrast

(dim spot);  

contrast very evident 

at the OWC.

PP

PS
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