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GEOPHYSICS

A moving fluid pulse in a fault zone

In the Gulf of Mexico, fault zones are linked
with a complex and dynamic system of plumb-
ing in the Earth’s subsurface. Here we use
time-lapse seismic-reflection imaging to
reveal a pulse of fluid ascending rapidly inside
one of these fault zones. Such intermittent fault
‘burping is likely to be an important factor in
the migration of subsurface hydrocarbons.

Faults have a dual function in that they can
act as both an impediment to and, at times,
a preferential pathway for fluid flow. Both
types of behaviour are invoked in the petro-
leum industry to explain how hydrocarbons
move from the location at which they are
generated (for example, by flowing along
faults') into fault-bounded reservoirs where
they become trapped (for example, by a lack
of flow across faults?). Several lines of evi-
dence from the South Eugene Island Block
330 field, offshore Louisiana, USA, indicate
that faults cutting through sequences of
Pliocene and Quaternary sands and shales
have hosted significant vertical fluid flow
over the past 250,000 years, continuing to the
present day’ .

We present an additional set of data
obtained from seismic reflection imaging that

indicates fast fluid movement (more than 100
metres per year) along growth faults. Previ-
ously, we have demonstrated that reflections
from the fault planes appearing in seismic data
from South Eugene Island Block 330 contain
information about the distribution of fluid
pressures across faults®.

The South Eugene Island field is an ideal
location for this study. Multiple vintages of
seismic-reflection surveys can be interpreted
in the context of abundant fluid pressure, geo-
chemical and other data. Normal faults tran-
sect the field at dips of about 50° southwest
and separate upthrown sediments saturated by
highly pressurized fluids from relatively less
pressurized downthrown sediments (see sup-
plementary information). The fault zones are
typically at the same pressure as the upthrown
sediments’. However, exceptionally pressur-
ized fluid was encountered in one penetration
of a growth fault, the B-fault, in the A10ST
well*", It was proposed that the isolated pocket
of anomalously high fluid pressure in the
A10ST well could represent a spatially limited
pulse of anomalously pressured fluid”.

To test the idea of a moving fluid pulse, or
fault burp, we isolated the fault-plane reflec-

tions from the B-fault
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Figure 1| A fault caught in the act of burping. a, Map of the B-fault showing
reflectivity from the fault plane in 1985. The area of highest reflectivity is
circled in gold. b, Map of the B-fault reflectivity, as shown in a, but from
1992. The data extend over a slightly larger area than in a; however, the
spatial perspective is identical. The area of highest reflectivity, circled in
gold, is shifted roughly 1 km north-east in the updip direction relative to its
location in 1985, as would be expected for a fluid pulse ascending the B-
fault; this movement is depicted by the arrow in a. Also shown is the location
of the A10ST well intersection, where exceptionally high fluid pressures
were encountered while drilling into the B-fault zone in 1993.
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on the fault plane for
both sets of data.
Patches of high reflec-
tivity, or ‘bright spots,
are known to be asso-
ciated with the pres-
ence of fluids”. The
most striking pattern
in the fault reflectivity
maps is the northeast
movement of the areas
of highest reflectivity
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between 1985 and 1992. This movement, in
the updip direction, is to be expected for a
fluid pulse ascending the B-fault. Also note the
correlation between the area of highest reflec-
tivity in 1992 and the location of the inter-
section with the A10ST well (Fig. 1b), where
highly pressurized fluid in the fault was
observed in 1993 (ref. 4).

From the reflectivity maps at the B-fault, we
estimate the movement of the fluid pulse to be
of the order of 1 km between 1985 and 1992.
The observed movement of 1 km is significant
compared with typical errors encountered in
the processing of seismic data (see supple-
mentary information). Movement of 1 km
between 1985 and 1992 corresponds to an
average pulse speed of about 140 m yr~". Such
geologically fast fluid flow up a vertically per-
meable fault agrees with the dynamic-capacity
model of fault-bounded reservoirs® and is
consistent with a nonlinear fluid-flow model
involving pressure-dependent permeability’.
These fault burps are key to the understanding
of fluid-migration mechanisms and fault-zone
rheology in the Earth’s crust.
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