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Summary

Seismic data taken at Blocks 314, 315, 330, and 331 of
the South Eugene Island �eld contain re
ections from a
major growth fault. Out of a list of possible causes,we
�nd that di�erences in pore pressureacrossthe fault give
rise to the fault-plane re
ections. The pressure di�er-
encesare detectable since pore pressuresthat exceedthe
hydrostatic pressure, or overpressures,lower the seismic
velocity. Thus, the presenceof the re
ections point to the
fault providing a signi�can t seal. We develop a process-
ing scheme to highlight the fault-plane re
ections while
simultaneously removing the re
ections from the layered
structure. Using this processeddata set, we extract the
amplitude of the fault-plane re
ections on the fault-plane
itself. The areas of strong re
ection amplitude correlate
well with the geology and known areasof overpressure.

In tro duction

The importance of faults as delimiters of compartments
in hydrocarbon reservoirs cannot be stressedenough. The
role of faults, however, is complicated by their dual na-
ture as both 
uid sealsand conduits. Classifying a fault
as one or the other typically demands extensive knowl-
edge of a basin's geologic history, core samples, and well
logs. Only recently have geophysicists begun to incorpo-
rate conventional seismicdata into the evaluation of 
uid
pressurenear faults (Dutta, 2002a). The method relies on
seismic waves detecting the presenceof pressurechanges
in the subsurface(Pennebaker, 1968), and, when success-
ful, managesto predict regions of overpressurethat a�ect
drilling operations.

Evidence of faults can often be seenon migrated seismic
data. Automated fault identi�cation algorithms avoid
the tedious picking of faults in 3D volumes of seismic
data. According to Sheri� (1984), the imprin ts of faults
on seismic data are: \(a) abrupt termination of events,
(b) di�ractions, (c) changesin dip, (d) distortions of dips
seenthrough the fault, (e) deterioration of data beneath
the fault producing a shadow zone, (f ) changes in the
pattern of events across the fault, and (g) occasionally a
re
ection from the fault plane." Items (a), (c), and (f )
provide indirect evidence of faults and form the basis of
automated fault identi�cation. Problems with how time
migration treats lateral velocity variations lead to items
(d) and (e). Here, we addressthe last point; namely, what
are the occasional fault-plane re
ections telling us about
the nature of the fault itself ?

Several fault-zone models describe di�eren t aspects of the
seismic properties of a fault. One possibility is that the
fault is a linear-slip interface (Worthington and Hudson,
2000). Physically, this means that the fault is a zone of
low shear modulus. Another model takes into account
that the fault may be a barrier to lateral 
uid 
o w. A
high shale content in the fault gouge causes
uid pres-
sures to build up on one side of the fault. As a result,
the adjacent sediments are undercompacted, and subse-
quently have lower velocities (Dutta, 2002b). Becauseof
throw across the fault, lithological (sand/shale) contacts
acrossa fault can also contribute to re
ections from the
fault-plane (Sheri�, 1984). A main di�erence in these
models is that re
ection from a low-shear zone acts as a
high-pass �lter; in essence,the fault zone is a thin bed.
Pore pressureand lithologic di�erences acrossa fault act
as traditional seismic interfaces that preserve frequency
in the re
ection process. A true fault zone could be a
combination of two or more of these models.

Here, we show that, at the South Eugene Island �eld,
fault-plane re
ections from a major growth fault, known
as the A-fault, arise from pore pressuredi�erences across
the fault. We focus on this fault since previous studies
(Losh et al., 1999) suggest that it serves as a signi�can t
barrier to lateral 
uid movement. The strength of the
fault-plane re
ections varies along strik e and dip of the
A-fault. We make the correlation between areasof fault-
plane re
ections and areas of strong pressure gradients
based on existing well information and known zones of
overpressure. No evidence yet suggests that the fault-
plane re
ections originate from low-shear zonesor litho-
logic contacts.

Ov erpressure at South Eugene Island

Growth faults, or syndepositional normal faults, divide
the Pliocene-Pleistocene sediments at South Eugene Is-
land into several compartments. Depending on whether
or not the faults are signi�can t barriers to 
uid 
o w, the
individual compartments can be overpressured. For in-
stance, Losh et al. (1999) report an increaseof more than
780 psi in pore pressure over a distance of 18 m while
drilling through the A-fault in Block 330 of the South
Eugene Island �eld.

A contour plot of the two-way re
ection time from the A-
fault is shown in map view in Fig. 1. The arrow in Fig.
1 points in the down-dip direction, making an angle of
approximately 50� with the horizontal. The A20ST well,
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Fig. 1: Map view of the two-way re
ection time from the A-fault.
The arro w poin ts in the downdip direction. Tw o wells are shown
by an X where they in tersect the fault-plane. The lo cations of
three seismic lines used in other �gures are shown as dashed lines.
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Fig. 2: In terv al velocities along the C-C 0 line at the South Eu-
gene Island �eld obtained via a smoothed Dix-t yp e in version. The
velocit y increases monotonically with depth at mark er `1', but ex-
periences a decrease between mark ers `2' and `3'. The decrease in
velocit y with depth indicates that overpressures are present. The
general trend of the high velocit y pocket at mark er `2' correlates
with the A-fault.

where Losh et al. observed a large pore pressure jump,
intersects the fault on the lower right.

Several mechanisms e�ectiv ely cause anomalously high
pore pressures in the subsurface (Dutta, 2002). In the
Gulf of Mexico, overpressurecommonly results from dip-
ping sandsbeing bounded aboveand below by shales. The
relativ ely high permeabilit y of the sandsallows 
uid pres-
sures from depth to move into high points of subsurface
structure. Termed hyperin
ation, this mechanism results
in a seismic velocity decreasedue to undercompaction of
the sediments. More speci�cally , the high pore pressure
causesa decreasein the vertical e�ectiv e stress and, as a
result, a decreasein the area of grain-to-grain contacts.

We have identi�ed anomalousdecreasesin velocity from a
smoothed Dix-t ype inversion on the South EugeneIsland
data. Line C-C0 (seeFig. 1) from this velocity cube is dis-

played in Fig. 2. The velocity at marker `1' monotonically
increaseswith depth. This represents the velocity varia-
tion resulting from the normal compaction trend. On the
left side of this plot, between markers `2' and `3', a no-
ticeable decreasein velocity occurs with increasing depth.
Experiencehas shown that, in the Gulf of Mexico, such a
decreasein velocity with depth is due to high pore pres-
sures rather than lithology (Dutta, 2002b). The spatial
pattern of the relativ ely higher velocity pocket at `2' cor-
responds to the trend of the A-fault, providing evidence
from the seismic data that the overpressuresare related
to the A-fault.

Zones of overpressure can be monitored while drilling
from the rate of penetration of the drillbit into the forma-
tion (Jordan and Shirley, 1966). Such a method su�ces
for detecting the gradual build up of overpressureabove
a moderately sealing shale. By moderately sealing, we
mean that the pressure front has, over geologic time, dif-
fused somewhat through the shale. Any sort of overpres-
sure prediction while drilling should fail when a highly
overpressured zone is quickly and unexpectedly encoun-
tered. This has motiv ated the development of pre-drill
pore pressureprediction from seismic data.

For a smooth increasein 
uid pressureacrossa moderate
seal, the velocity decreasesgradually, and a transmitted
wave passesthrough the overpressuredregion with almost
no re
ection. However, the most dangerous instances of
overpressureoccur over distances lessthan a typical seis-
mic wavelength (� 200 m), and therefore, quick onsets
of high 
uid pressure across a sealing fault give rise to
strongly re
ected waves. By mapping out the amplitude
of fault-plane re
ections on the fault-plane itself, areas
of sharp increase in pore pressureacrossthe fault, as de-
scribed in Losh et al., should stand out.

Isolating Fault-Plane Re
ections

Even at their strongest, the fault-plane re
ections at
South Eugene Island are less prominent than the layer
re
ections. This may be due to either small re
ectivit y
at the fault or the deterioration of the imaging procedure
(isotropic post-stack Kirc hho� ) for steep dips. As a re-
sult, the fault image contains \noise" from the horizontal
layers terminating at the fault. We employ a simple slant
stack along the fault to e�ectiv ely remove the layers while
at the sametime accentuating the fault-plane re
ections.

Displayed in Fig. 3 is a post-stack time migrated section
along the A-A 0 line (see Fig. 1). Several growth faults
stand out in this image. A particularly strong fault-plane
re
ection cuts through the center of Fig. 3 - this is the
A-fault. To the right, another fault (the B-fault) can be
made out from the mismatch of adjacent layers; however,
the B-fault doesnot give rise to a re
ection. This is lik ely
because the throw on the A-fault is greater than that
on the B-fault. We have highlighted the H-sand as an
indicator of the throw on these two faults. The greater
the throw on a fault, the more developed its gouge, and,
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Fig. 3: A typical fault-plane re
ection from the A-fault along the
A-A 0 line. Shown is the post-stac k time-migrated image. The H-
sand is mark ed to show the amoun t of thro w across the fault.
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Fig. 4: The slant stack technique used to accentuate the fault-
plane re
ections. Stack `1' is zero since it in tersects the upp er
horizon tal re
ection at an angle. The fault-plane re
ection coher-
ently adds in to stack `2'. We also stacked in the opp osite direction
`3' to capture any antithetic faults.

therefore, the more lik ely it is to be a barrier for lateral

uid 
o w.

To bring out the fault-plane re
ections, we designed an
adaptiv e local slant stack routine. Pictured in Fig. 4
is the basic procedure. Along each trace, we scan over
a small angular window for the maximum coherencedi-
rection. The range of angles is selected to correspond to
the dip of the fault. We then construct the slant stacks
by summing over the �v e adjacent traces. In Fig. 4,
we show two layer re
ections with no dip and a dipping
fault-plane re
ection. Slant stack `1' does not lie in the
fault-plane and the contributions from the upper layer
cancel. In contrast, `2' lies in the fault plane and the
fault-plane re
ection coherently stacks. Since faults in an
extensional regime typically have antithetic counterparts,
we also stack in the opposite direction `3'.

A slant stack is shown as a wiggle-plot in Fig. 5 with
the migrated image of Fig. 3 in the background. The
horizontal layers e�ectiv ely cancel in the stack, leaving
the fault-plane re
ections to stand out. Both the am-
plitude and phase of the fault-plane re
ection from the
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Fig. 5: Ov erla y of the time-migrated seismic section from Fig. 1
with the wiggle-trace slant stack. The fault-plane re
ection be-
comes clearer in the slant stack.

A-fault vary along the fault. The phase seemsto change
at points where sandstonesencounter the fault. For in-
stance, moving up the fault-plane from the bottom, the
wavelet changesshape and grows stronger asit movespast
the JD-sand. It then vanishes between the downthrown
and upthro wn segments of the H-sand, only to contin ue
again above the upthro wn H-sand.

We cannot make quantitativ e use of the phase yet since
the absolute phaseof the re
ections may be contaminated
with stacking and migration errors. Future numerical
work will attempt to get a handle on this error. For exam-
ple, the phasewould be an excellent indicator of high 
uid
pressuresinside a fault-zone. High 
uid pressure in the
A-fault has beenreported by Losh et al. (1999) and leads
to small shear velocities in the fault. Since scattering
from such a linear slip interface is frequency dependent,
the phase of the re
ected wave should change. Though
we cannot trust the absolute phase, we interpret the rel-
ativ e phase changes along the fault to be related to the
occurrencesof the sands.

We extended the above procedure to 3D to gain a more
extensive picture of the variations in fault-plane re
ec-
tions. By breaking up the 3D seismic data volume into
successive 2D planes, we could perform the slant stacking
on each plane individually . The slant-stacked planes were
then reassembled into a 3D data volume.

Correlation of Fault-Plane Re
ections
with Regions of Ov erpressure

The attributes of the slant-stacked 3D seismic data on
the A-fault contain information about the fault seal. To
study the spatial patterns, we extracted the maximum
amplitude along the picked fault-plane (Fig. 1) within a
small time gate. The re
ection amplitudes are displayed
in map view on the fault plane in Fig. 6. The view is the
same as in Fig. 1. Higher amplitudes, shown as lighter
colors in Fig. 6, come and go on the fault plane. We
save discussing the details of the re
ections except in a
triangle in the upper left portion of the fault, labeled as
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Fig. 6: Re
ection amplitude from the A-fault as a function of
position on the fault-plane. Stronger amplitudes show up as ligh ter
colors. Poin ts D, E, and F delineate a triangle of higher amplitude
on the upp er left. Line DE is the in tersection of the overpressured
JD-sand with the A-fault. Line EF marks the convergence of the
A-fault with an antithetic fault.

points D, E, and F in Fig. 6.

The triangle DEF forms the most strikingly coherent fea-
ture on the amplitude map and its two sidesDE and EF
have geologicmeaning. The time-migrated image and the
slant stack along the B-B 0 line (see Fig. 6) are shown in
Fig. 7. The intersection of DE with the B-B 0 line cor-
responds to the meeting of the A-fault and the JD-sand.
The lack of strong amplitudes south of DE in Fig. 6 means
that the A-fault does not re
ect below the JD horizon.
This is lik ely becausethe JD-sand is itself overpressured.
Stump et al. (1998) have observed that at well 331 #1
(seeFig. 1) the JD-sand marks the onset of overpressure
in the sedimentary column. Essentially , beneath the JD
horizon, both sides of the A-fault are overpressuredand,
hence,no re
ection occurs from the fault-plane. Line EF
marks the intersection of the A-fault with the antithetic
fault shown in Fig. 7. The lack of strong amplitudes
north of EF in Fig. 6 means that the A-fault does not
re
ect above the top of the wedge formed by it and the
antithetic fault. Since the antithetic fault is re
ecting,
this suggeststhat the seal transfers from the A-fault to
the antithetic fault at the top of the wedge.

Conclusions

At the South EugeneIsland �eld, observed fault-plane re-

ections from the A-fault arise due to pressuredi�erences
across the fault. By applying a technique to accentuate
the fault-plane re
ections, we are able to map out the re-

ection amplitudes on the fault plane. The spatial distri-
bution of the re
ections has geologic meaning and shows
which part of the fault-plane is acting as a seal. Future
work will focus on other faults in the South Eugene Is-
land �eld and attempt to get quantitativ e estimates of
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Fig. 7: Ov erla y of the time-migrated seismic section along line B-
B 0 with the wiggle-trace slant stack. An antithetic fault exists at
this lo cation. The re
ecting part of the A-fault corresp onds to the
part of it between the JD-sand and the top of the wedge formed
by the antithetic fault.

fault-zone properties from the fault-plane re
ections.
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