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Volumetric Curvature
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Sign convention for 2D curvature attributes:
Anticline: k>0
Plane: k=0
Syncline: k<0
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3D Curvature and Topographic Mapping

Bent Creek Experimental Forest

Ecology and Management af Southern Appalachion Hardweods

¥ Bent Creel GIS Data

¥ Classification of the Vegetation of the southern Appalachians

LFI and TS5I: Topographic Vanables to Qantify Meso- and Micro-scale Landforms
Terrain Shape Index
Landform Index

i+ Pragram

10-4 (http:/www.srs.fs.usda.gov/bentcreek)
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3D Curvature and Molecular Docking
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3D Curvature
and Biometric
|dentification of
Suspicious
Travelers



Circles in perpendicular planes tangent
to a quadratic surface

|kmax|=1/Rmin
|kmin|:1/R

max

10-7 (Mai et al., 2009)



Geometries of some folded surfaces

Curvedness: c= [k,%+ k22

saddle

(courtesy of Ha Mai)



An interactive program showing curvature

(Wolfram demonstration project)



Curvature of picked horizons
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kx-ky transform of time picks

Seismic horizon k,-k, spectrum
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The horizon exhibits different scale structures such as domes and basins
on the broad-scale, faults on the intermediate-scale, and smaller scale

undulations.

10-11 (Bergbauer et al, 2003)



kx-ky transform of time picks after bandpass filter
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10-12 K, (cycles/m) (Bergbauer et al, 2003)



Maximum curvature after k,-k, bandpass filter
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10-13 (Bergbauer et al, 2003)



Radius of Curvature

3 km
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Thermal imagery with sun-shading

10-15 (Cooper and Cowan, 2003)



Fractional derivatives with sun-shading

Red=0.75

Blue=1.25

10-16 (Cooper and Cowan, 2003)



2D curvature estimates from inline dip, p:

1st derivative
dp/dx = F1[ ik, F(p) ]

fractional derivative
(or 1st derivative followed by a low pass filter)

dep/dx* ~ Fi(k, )*F(p) ]

10-17 (al-Dossary and Marfurt, 2006)



Attributes extracted along a geological horizon
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BVertical Slice
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K ean=1/2(d?T/dx?+d?T/dy? — Caddo
(Horizon pick caB]cuIation)
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Kmean NOrizon slice — Caddo
(volumetric CBaIcuIation)
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Coherence horizon slice — Caddo




Attributes extracted along time slices
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Vertical slice through seismic

5 km

(al-Dossary and Marfurt, 2006)



Time slice through coherence
5 km t=0.8s

10-25 5 (al-Dossary and Marfurt, 2006)



Most-negative curvature computed at different wavelengths
5 km t=0.8 s
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10-26 (al-Dossary and Marfurt, 2006)



Coherence
5 km t=0.8 s

10-27 5 (al-Dossary and Marfurt, 2006)



Coherence
5 km t=1.2 S g
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10-28 ] (al-Dossary and Marfurt, 2006)



Most negative curvature (a=0.25)
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10-29 (al-Dossary and Marfurt, 20006)



Filters corresponding to “long-wavelength” and
“short-wavelength” curvature computation

0.04 - : _ ]
I(kx)q_ Ikx (kx) % !
)
©
=
= 0.02 -
&
<
| o
0.0, , , , 2[(110ft)2+(110ft)2]“2
0.0 0.001 0.002 0.003

k (cycles/ft)

10-30



Attributes based on volumetric dip and azimuth

Seismic amplitude
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Coherence

(Seismic data courtesy of Devon Energy)
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Attributes based on volumetric dip and azimuth

Seismic amplitude
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Strike of Principal

Principal curvatures

curvatures
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Most negative principal curvature, k.,
co-rendered with coherence
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10-35 (Seismic data courtesy of Devon Energy)



Most postive principal curvature, k,

Curv
PP Positive

0

- Negative

(Seismic data courtesy of Devon Energy)



Most positive principal curvature, k,, co-
rendered with coherence
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10-37 (Seismic data courtesy of Devon Energy)



Both principal curvatures, k, and k.,
co-rendered with coherence
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10-38 (Seismic data courtesy of Devon Energy)



Reflector Shape
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Attributes based on volumetric dip and azimuth

Seismic amplitude
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Principal curvatures
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Shape components
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The shape index, s:

Principal curvatures

(Courtesy of Ha Mal)



Shape index and biometric identification

photographic image distance scan - ‘
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10-42 (Woodward and Flynn, 2004)



Shape index modulated by curvedness

(Seismic data courtesy of Devon Energy)



Shape index modulated by curvedness,
CO- rendered Wrth coherence
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10-44 (Seismic data courtesy of Devon Energy)



Filter to enhance bowl-shaped features
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Bowl component

ndered with coherence
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10-46 (Seismic data courtesy of Devon Energy)



Correlation of bowl shape component
with collapse features

P

Bowl and
coherence

(data courtesy of Devon Energy)



Correlation of bowl shape component
with collapse features

Bowl and coherence

(data courtesy of Devon Energy)



Structural Lineaments
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Attributes based on volumetric dip and azimuth

Seismic amplitude
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Shape components Lineament volumes
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Orientation of lineaments

o2

1403

o1

Fractures are often stronger near the fold axis (sometimes parallel, often
at an angle associated with Mohr’s circle), and hence to the strike of the
curvature anomalies

10-51 (Chopra and Marfurt, 2011)
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Strike modulated by most-negative
orincipal cu

(Seismic data courtesy of Devon Energy)



Strike modulated by most-negative principal

curvature, CO- rende[“e‘glw Wlth _coherence .
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(Seismic data courtesy of Devon Energy)



(Seismic data courtesy of Devon Energy)
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Generating rose diagrams
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Structural lineaments displayed as roses
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10-57 (Seismic data courtesy of Devon Energy)



Reflector Convergence
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Volumetric
mapping of angular
unconformities
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10-59 (Barnes, 2002)



Computing the normal from apparent dip components




Arithmetic for mapping angular unconformities
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Attributes based on volumetric dip and azimuth

Seismic amplitude
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Reflector convergence co-rendered with coherence
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Reflector convergence co-rendered with coherence
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Reflector convergence co-rendered with coherence
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Reflector convergence co-rendey
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Rotation about the normal to the reflector
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10-70 (Marfurt and Rich, 2010)



Reflector rotation co-rendered with coherence
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Attributes based on volumetric dip and azimuth

Seismic amplitude
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Computational vs. Interpretational curvature
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Computational vs. Interpretational curvature
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10-74 composite curvature anomaly




Curvature, Reflector Rotation, and Reflector Convergence

In Summary:
 Volumetric curvature extends a suite of attributes previously limited to interpreted
horizons to the entire uninterpreted cube of seismic data.

 The most negative and most positive principal curvatures appear to be the most
unambiguous of the curvature images in illuminating folds and flexures.

« Curvature attributes are a good indicator of paleo rather than present-day stress
regimes.

« Open fractures are a function of the strike of curvature lineaments and the azimuth
of minimum horizontal stress.

« Channels appear in curvature images if there is differential compaction.
 Faults appear in curvature images if there is a change in reflector dip across the

fault, reflector drag, if the fault displacement is below seismic resolution, or if the
fault edge is over- or under-migrated.
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