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Curvature attributes delineate subtleties

Applying curvature attribute analysis to
3-D surface seismic helps determine fea-
tures not visible with other methods.
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dicting fractures associated with folds
and fractures is one of the major goals

of careful seismic interpretation. With the
common use of 3-D surface seismic data
since the early 1990s, dip magnitude and
dip azimuth have been used for enhanc-
ing faults that are difficult to see.

Coherence attribute, measuring lateral
changes in seismic waveforms and ampli-
tude, also proved to be useful for achiev-
ing this goal. Recently, horizon-based
curvature attributes have proved useful in
delineating faults and predicting fracture
orientation and distribution. There are
different curvature measures that can be
used, and each has its own characteristic
property. More recently, volume curvature
computation has been introduced, which
has several significant advantages over
horizon-based curvature, not the least of
which is circumventing the need to pick
horizons through which no continuous
surface exists.

I dentification of subtle faults and pre-

Definition of curvature

Curvature can be defined as the reciprocal
of the radius of a circle that is tangent to
the given curve at a point. Thus curvature
will be large for a curve that is bent more
and will be zero for a straight line.
Mathematically, curvature may simply be
defined as a second order derivative of the
curve. If the radii of the circles at the
point of contact on the curve are replaced
by normal vectors, it is possible to assign a
sign to curvature for different shapes.
Diverging vectors on the curve are AssOCi-
ated with anticlines, converging vectors
with synclines and parallel vectors with pla-
nar surfaces (which have zero curvature).
The concept of curvature can be conve-
niently extended to three-dimensional sur-
faces by considering such a surface being
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intersected by a plane and describing a
curve. Curvature can then be calculated at
any point on this curve. If a given surface
is cut by planes that are orthogonal to it,
the curvature measures are referred to as
normal curvatures. Of the family of curves
that are formed this way, there exist just
two curves perpendicular to each other,
where one represents the maximum and
the other the minimum curvature. Both of
these attributes, with their sign and magni-
tude, are useful, as faults can be clearly
seen on such displays.

Figure 1. Coherence strat-cube shown
intersected by a seismic inline. (All images

Curvature computation in practice
courtesy of Arcis Corp.)

Surface curvature is usually computed by
fitting a mathematical quadratic surface to
an interpreted horizon using a least-square
or some other approximation method.
This yields the coefficients in the equation
for the quadratic surface that is fitted to
the horizon, which are then used to derive
different curvature measures defined in
terms of these coefficients. Examples of
curvature measures are minimum and max-
imuwm curvatures, most-positive curvature,
mosi-negative curvature, dip curvature, strike
curvature and shape index. Because these
curvature measures are derived from hori-
zons, such applications need to be done
carefully. Errors in horizon picking on the throw as well as the direction of
noisy surface seismic data or data contami- the faults clearly.

nated with mis-picks could lead to mislead- e Strike curvature is the curvature

ing curvature measures. Consequently, extracted along a direction perpendi-
picked surfaces are “prepared” carefully by cular to the dip curvature, i.e. along
using spatial filters like the mean or strike, In Figure 2e, notice how on
median filters. both sides of the main faults strike
curvature indicates patterns connect-
ing high with lows.

Shape index is derived from the mini-
mum and maximum curvature and
indicates the local shape of a surface.
In Figure 2f, notice how the shape
index displays the lineations, seen on
both the minimum and maximum
curvature surfaces. This attribute is
scaleindependent.

Most-positive and most-negative curva-
tures are derived by searching the nor-
mal curvatures for the most positive
and most negative values. These attrib-
utes, shown in figures 2g and 2h, dis-

maximum curvature. Visually, it may
not convey any additional information,
but it is useful as other attributes are
derived from it. Compared with the
coherence display (Figure 2b), the
sign of mean curvature indicates the
high and low shapes (Figure 2c), giv-
ing a feel for the throw of the faults.
Dip curvature is the curvature
extracted along the direction of dip
and measures the rate of change of
dip in the maximum dip direction. As
seen in Figure 2d, dip curvature shows

Types of curvature and applications
Figure 1 shows a coherence stratcube
being intersected by a seismic line from a
3D seismic volume from central-north
British Columbia, Canada. A number of
faults can be seen on the seismic section. A
prominent horizon corresponding to the
base of the Belloy formation has been
picked and is shown in Figure 2a. Different
curvature attributes were computed for
this surface and are discussed below.
® Mean curvature is defined as the aver-
age of the minimum and maximum
curvature and is usually dominated by
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Figure 2. (a) Horizon time surface; (b) Coherence (c) Mean curvature (d) Dip curvature (e) Strike curvature (f) Shape index (g)
Most-positive curvature (h) Most-negative curvature. The size of the survey displayed is 40 sq miles (100 sq km).

play a lot more sharp and fine detail
that helps in small fault interpretation.

Volume computation of curvature
Volume computation of curvature pro-
duces multspectral estimates of reflector
curvature. The method consists of choos-
ing a moving sub-volume of data to com-
pute curvature at every point in the 3-D
seismic volume. As the first step, spurious

Figure 3. Most-negative curvature along
a surface 120 milliseconds below the
horizon shown in Figure 2.
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events are minimized within the sub-vol-
ume, and dip components are com-
puted. Next, fractional derivatives are
computed within the sub~volume to
investigate multiple wavelengths of curva-
ture — short wavelengths corresponding
to intense but highly localized fracture
systems, and longer wavelengths to a
wider and even distribution of fractures.
Short wavelength estimates of curvature
could incorporate dip information of 9
to 25 traces, while the long wavelength
estimates of curvature could use dip
information of 400 or more traces.
Fractional derivatives are thus applied
along each time slice with dip compo-
nents previously estimated at each seis-
mic bin to yield estimates of curvature.

Volume curvature estimates eliminate
interpretation problems and allow us to
extract curvature measures along hori-
zons, thereby helping us understand the
subsurface features better.

Figure 3 shows the horizon slice
extracted from the most-negative curva-
ture volume at a level 120 ms below the
horizon shown in Figure 2. The individ-
ual lineations in the three compartments
formed by the two main faults running

north-south have been tracked in three
different colors. The orientations of
these lineations in the three compart-
ments have been combined in the form
of rose diagrams shown therein, retain-
ing the color of the lineations. These
rose diagrams can be compared with sim-
ilar diagrams obtained from Formation
Micro-Imager well logs to gain confi-
dence in calibration. Once a favorable
match is obtained, the interpretation of
fracture orientations and the thicknesses
over which they predominate can be
trusted for a more quantitative analysis,
which in turn could prove useful for pro-
duction from reservoirs.

Conclusions

Curvature attributes are a useful set of
attributes that can profitably be used to
detect and delineate subtle features not
easily observed on vertical sections or seis-
mic horizons through the different data
volumes and so offer important additional
information. Curvature attributes are sen-
sitive to noise. This is taken care of by iter-
atively running spatial filtering on horizon
surfaces and gaining useful and accurate
seismic interpretation. ese
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