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Summary
A new method for detection of gas chimneys in 3D seismic data has been applied in the mapping of possible hydrocarbon
migration pathways. The method makes use of a neural network. The network is trained on example locations in the
seismic data likely to represent a chimney location. The network is also being trained to recognize examples which are
not likely to represent chimney locations. After training, the network is applied to the entire dataset to make a
classification of the data into chimneys and non-chimneys. The training and classification are based on seismic multi-trace
and multi attribute calculations. The final product is named chimney cube.
The chimney cubes may help to identify possible hydrocarbon migration pathways between source rocks, reservoirs
and the surface. Examples from application of the method have showed a strong correlation between chimneys and
faults, as well as shallow gas accumulations and pockmarks, mud volcanoes and features likely to be carbonate buildups. In areas with oil and gas discoveries, a higher density of chimneys have been observed, as compared to the
surrounding area. This does not necessarily mean that hydrocarbons are leaking from the reservoirs to the seabed,
but could also be due to the case that the reservoirs are located above vertical hydrocarbon migration pathways
between the source rock and the seabed. Results from the use of chimney cubes combined with results from
geochemical surveys may help to further improve our understanding of hydrocarbon migration pathways.
Introduction
Vertical hydrocarbon migration can not be observed directly in seismic data, and it is not well understood how to
distinguish between migration of free gas, and migration of gas-saturated water releasing gas as a result of a drop in
the pressure, or oil. Due to capillary resistance, hydrocarbons can not move through shales unless there is an
open fracture or an open fault. Water can move through shales and release gas, if it is gas saturated and there is a
sufficient drop in pressure, see Bjørkum et al., 1998. This may give rise to chimneys that are not associated with
faults. These chimneys are frequently seen in seismic data. Seismic data also have the potential to show indications
on fluid flow through faults. Whether the flow is gas saturated water, free gas or oil, is not known, but the fluid
flow indicators tell that the faults are, or have been, open for fluid migration and, as such, they represent the most
likely vertical migration pathways for hydrocarbons. Features that can be seen in seismic data and which can be
associated with fluid flow, gas seepage or gas accumulations, are chimneys (columnar disturbances), pockmarks,
mound structures (carbonate build-ups, diapirs or mud volcanoes), and amplitude anomalies (gas accumulations). The
presence of features associated with gas seepage at different stratigraphic levels, indicates different periods of
fluid migration.
Chimney detection
To map chimneys, a method is available for semi-automated detection of chimneys using neural networks (Meldahl et al.,
1999 and Heggland et al., 1999). The method has been applied on post stack 3D seismic data to reveal vertical
hydrocarbon migration pathways. The output is named chimney cube, see Figure 1.
Most chimneys are characterized by low reflection amplitudes, low continuity of seismic reflectors and, hence, low
similarity between traces within chimneys. A neural network use all this information, as well as other seismic
attributes which makes the best contrast between chimneys and the surrounding area. The neural network is trained
on the different attributes at example locations selected by the interpreter to represent chimney locations. In
the same manner the network is trained to recognize locations with no chimneys. The network is then applied on
the total data volume to detect chimneys. During this process vertical detection windows are used in order to
ensure that the network also recognize chimneys by their vertical extents. The final step is a classification of the
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seismic data volume into chimneys and non-chimneys. The total operation is performed using pre-selected sample
intervals.
In the final cube (chimney cube), high values are assigned to samples having a high probability of being inside a chimney,
and low values are assigned to samples with a low probability of being inside a chimney.
Applications
Chimney cubes have been used in many areas around the world since the chimney detection method was first
published in 1999 (Meldahl et al., 1999 and Heggland et al., 1999), and have succesfully revealed vertical hydrocarbon
migration pathways between source, reservoirs and the seabed (Heggland et al., 2000, Meldahl et al., 2001,
Aminzadeh et al., 2001 and 2002). In numerous cases chimneys are located at faults. In these cases the chimneys show
the most probable vertical migration pathways for hydrocarbons, and can help evaluate which structures that are most
likely to have hydrocarbon charge, and which ones that are high risk structures due to lack of charge or due to
leakage (seal failure).
Since chimneys, detected in seismic data, show where gas is most likely to be present in the sediments, it should be well
suited for planning sampling locations for geochemical analysis of hydrocarbon contents in the sediments. The results
would be very useful for making a classification of chimneys, as well as it would benefit hydrocarbon exploration.
Figure 2 shows a 3D example from Gulf of Mexico where chimneys (yellow) indicate hydrocarbon leakage between two
prospects (left), outlined by high amplitudes (red), and the seabed (brown surface). An amplitude map of the green
surface (right) shows that the leakage takes place through faults, visible as low amplitude features (black). Possible
hydrocarbon leakage through faults across the top of the structure may indicate a risk of low prospectivity.
Conclusions
It is believed that chimneys detected in seismic data clearly show presence of gas in the sediments, and when observed at
faults they show the most probable migration pathways for hydrocarbons. Chimney cubes should be used in combination
with geochemical surveys in order to gain more knowledge on vertical migration of hydrocarbons.
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Figure 1. 3D seismic section before (left) and after chimney detection (right).
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Figure 2. 3D example from Gulf of Mexico. Hydrocarbon leakage through
faults are indicated by chimneys (yellow).
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