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Summary

Fluvio-deltaic systems have long been an exploration
target, but in the shelf of the Gulf of Mexico, preceded the
introduction of high-quality 3D seismic and modern 3D
geometric attributes. Given the abundance of seismic data,
well control, and basin understanding of the depositional
history, the Gulf of Mexico provides an excellent natural
laboratory to calibrate interpretational tools and workflows
that can be applied to other less well-understood basins. To
this end we compute a full suite of attributes over modern
survey acquired over a salt-controlled minibasin in the Gulf
of Mexico to better illuminate channel systems. We found
the most-curvature and the valley-shape attributes were
particularly effective in delineating continuous channels
extending to the edge of the shelf. Other attributes
including amplitude, coherence and amplitude gradients
indicate the presence of gas-charge, pockmarks, and debris
flows. Most-positive curvature best delineates the shelf
edge. Together these attributes allow us to interpret subtle
channel features in the appropriate structural and
depositional framework.

Introduction

Seismic curvature can be interpreted as the reciprocal of the
radius of a circle that is tangent to the given curve at a point
(Roberts, 2001). Most-positive and most-negative curvature
attributes have been demonstrated to be very helpful in
fracture  prediction, distribution and  orientation
(Blumentritt, 2006), carbonate collapse chimneys (Sullivan
et al., 2006), and channel delineation (Chopra and Marfurt,
2007). In this paper we demonstrate the value of the
curvature attributes in delineating subtle channel features in
the shelf-edge to slope environment.

Method

The study data correspond to a high-resolution 3D seismic
survey located along the shelf edge of the Gulf of Mexico
that was acquired to image deeper objectives. The upper
600 ms of the seismic show the presence of acquisition
footprint that needed to be removed due to the sensitivity of
the seismic attributes to noisy data. Several filters (mean-,
median-, and principal-component —structure-oriented
smoothing) were tested in order to suppress this noise.
After applying the best possible filter to the seismic, we
computed 3D seismic attribute volumes including
coherence, amplitude gradients and curvature to provide
alternative images of the stratigraphic features of interest.

Time slicing of the seismic through the volumetric seismic
attributes revealed the presence of channels that developed
at the slope of the basin around 300 (ms), Pleistocene age.

Seismic geometric attributes applied to slope channels

The different geometric attributes extracted from the picked
horizons demonstrated the presence of channels connecting
the edge of the shelf to the slope in a salt-controlled
minibasin. Dip-oriented profiles of the seismic (Figure 1)
show clinoform geometries interpreted as a shelf-margin
deltaic system prograding from the shelf to the slope. The
strike oriented profile shows the undulations produced by
the slope channels in the minibasin (Figure 2). The time —
structure map (Figure 3) shows a bowl-shape minibasin that
has a general direction of deposition from NW to SE.

Attribute extraction such as coherence (Figure 4a and S5a)
and amplitude gradients (Figures 4b, 4c, 5b, and 5c) along
the interpreted horizons indicate the presence of a system
of slope channels that converge into two main channels at
the axis of the minibasin that then continue to the base of
the slope. The minibasin was lately affected by later
faulting at the base of the basin.

Seismic curvature attributes (Figures 4d-f, and 5d-f)
illuminated a continuous channel system extending to the
edge of the shelf. Curvature also reveals the presence of
more slope channels coming from the east side of the
minibasin feeding the main axis channels. The better
visualization of this channel system on curvature attributes
is directly related to differential compaction of the channels
versus the surrounding facies in the slope of the minibasin.
Thus in this case the most-negative curvature delineates the
channel axis meanwhile the most-positive curvature defines
the overbank deposits.

Roberts (2001) introduced the shape index to the seismic
community. AlDossary and Marfurt (2006) the shape index
can be used to generate individual bowl, ridge, saddle,
valley and planar shape volumes. The valley-shape attribute
(Figures 4f and 5f) is particularly effective in delineating
the thalwegs of the channel system. Since these slope
channels do not produce levee deposits we interpret them to
be bypass channels that transport the sediment to the base
of the slope.

Conclusions

Computed curvature attributes, provide the seismic
interpreters ~ supplementary  information about the
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geological features that are wuseful in 3D seismic
visualization.

The presence of the shelf to slope channels is an important
factor to predict deposition of deep-water systems at the
base of the slope.

Most negative, most-positive and valley-shape curvature
attributes were particularly effective in delineating subtle
channel features that are connected to the shelf-edge that

were not detected by other geometric attributes.
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Figure 3. Time-structure map of horizon B shwing the dip-oriented
profile in Figure 1 and strike-oriented profile in Figure 2.

Figure 1: NW-SE dip-oriented profile of the sesimic data. (a) Original data before filtering. (b) Filtered data showing the
progarding clinoforms. Green and yellow arrows indicate horizons A and B, both which arre throughs.
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Figure 4. Slices along horizon A through: (a) Coherence, (b) N-S amplitude gradient, (c) E-W amplitude gradient, (d) Most-positive curvature, (¢) Most-
negative, and (f) Valley-shape attribute vlumes. The curvature helps to fully visualize the channel system (Yellow arrows). Orange arrow show the shelf
edge
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Figure 5. Slices along horizon A through (a) Coherence, (b) N-S amplitude gradient, (c) E-W amplitude gradient, (d) Most-positive curvature, (e¢) Most-
negative curvature, and (f) Valley-shape attribute volumes. Black dots (green arrow) observed on (a) are interpreted as gas pockmarks that are associated
with to differential compaction an zones of weakness along the channel edges. Acquisition footprint (black arrow) is clearly notice on (d). The curvature
attributes, delineate a continous chnnel system exteding to the edge of the shelf (orange arrow), and delineate a suite of feedere channels (yellow arrows).





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


