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Summary:
This study aims to detect the attenuation effects of gas
hydrates by applying statistical analyses to waveforms in
regions that indicate Bottom Simulating Reflector (BSR) in
seismic data. Statistical methods of kurtosis and skewness
will be utilized as seismic attributes applied to the seismic
waveforms to determine if the presence of gas hydrates
within the pore spaces result in observable frequency
attenuation. Since not all gas hydrate accumulations result
in a clearly imaged BSR, the ultimate goal of this project is
to determine if the presence of gas hydrates can be detected
additionally in regions that lack a strong amplitude BSR.
This initial study aims to develop this method in the
Pegasus Basin of New Zealand, an area that is known to
contain gas hydrates in the subsurface, and displays strong
amplitude BSR’s.

the Black Ridge region of the Atlantic Ocean, Guerin et al
(1999) have shown that hydrate-bearing lithologies have
the ability to attenuate seismic signal. In the Alaskan
permafrost, laboratory studies of the Malik well have also
show that hydrates are likely to cause attenuation (Wood et
al (2000). Additionally, seismic studies, such as those by
Sérgio et al (2010) were able to identify spectral anomalies
indicative of hydrate concentration within the GHSZ and
free gas accumulations below both the GHSZ and gas
chimneys.
The study takes us to the Pegasus Basin, which is located
southeast of the North Island of New Zealand (Figure 1)
and indicates a clear BSR in the seismic data. The methods
presented aim to investigate the response of the of gas
hydrates, through identifying the values of kurtosis and
skewness as attributes and statistical methods of regional
variation.

Introduction:
A gas hydrate is a naturally occurring ice like compound of
mainly methane gas and water. They are typically formed
under low-temperature and high pressure conditions and
are therefore found in only two environments – beneath
permafrost and within the shallow subsurface of deep-water
regions. Gas hydrate presence can be discerned in seismic
data by the presence of a bottom simulating reflector
(BSR). At the base of the gas hydrate stability zone
(GHSZ) there is a sudden decrease in acoustic impedance,
which allows for seismic energy to be reflected back up to
the surface, and ultimately causes the observable BSR. This
reflection exists at the boundary between the upper gas
hydrate and lower free gas, creating this high acousticimpedance contrast that clearly images the seafloor.
However, not all gas hydrate accumulations result in a
clearly images BSR in the seismic data, and therefore more
innovative methods of attribute application and
interpretation are pivotal for identifying these regions.
Energy reduction of normalized spectra of high frequencies
and full bands, spectral bandwidth, together with skewness
and kurtosis are some of measures that are used as
attributes to provide insights on seismic attenuation as
conducted by Li et al (2016). Their methods were
developed to evaluate these attenuation measures for both
conventional and unconventional hydrocarbon bearing
environments. It intuitively reasonable to infer that gas
hydrates should provide some alterations in frequency as
we move from the GHSZ into the region below the BSR. In

Figure 1: New Zealand study area, showing the location of 2D
lines in the Pegasus Basin and the observed line (Line #17).

Methodology:
The initial method of approach was to convert the signals
of the seismic amplitude data from its original domain into
its frequency domain, by applying a Fast Fourier transform
(FFT). The seismic plots following the use of the FFT
information did not provide any variation that can be
inferred and hence the original seismic data is used to

Attribute identification of gas hydrates
determine how the statistical use of kurtosis and skewness
may assist as attributes for interpretation. It is important to
recognize that the phase of the seismic data, generated from
the FFT will be applied later on for more accurate wavelet
phase estimations and responses relative to kurtosis and
skewness. Mat-lab software is the key tool used for coding,
manipulating and interpolating the 2D seismic information.
Kurtosis can be defined as a parameter that describes the
shape of the sample’s probability distribution. Larger
kurtosis values should indicate that the variability of the
sample is due to a small very few differences. A normal
distribution of kurtosis values represents a value of 3.
Kurtosis is described by the equation,
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in which µ is the mean of x, σ is the standard deviation, and
E represents the expected value of the quantity. The
exponent of 4 in the summation describes the measurement
of kurtosis as the fourth standardized central moment of
probability.
Skewness can be described as a measure of a dataset’s
symmetry or lack of it. Positive skewness indicates the tail
of the distribution to be skewed to the right and negative
skewness, to the left. Skewness values between -0.5 and 0.5
represents some approximate symmetric distribution where
as values less than -1 and greater than 1 represents highly
skewed distributions. Skewness is described by the
equation,
𝑠=
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BSR, the effects of attenuation on the seismic wavelet
should indicate distinguishable patterns in skewness and
kurtosis values. Free gas should attenuate the seismic
amplitude and frequency, and produce a region of low
kurtosis response and high positive skewness. This inverse
relationship suggests a pattern in the statistical analysis of
the distribution of values of the wavelet information data
that will be further explored. Figure 2 details the initial
workflow of the study, with present understanding of the
skewness and kurtosis attributes.
Pegasus Basin 2D Seismic Data:
The Pegasus Basin wide-angle, multichannel seismic 2D
profiles were collected in 2009. Figure 3 shows a portion
of the 2D Line #17 of the full stack data through the
Pegasus Basin. The Pegasus Basin lies between the
Chatham Rise to the south, and the Opouawe Bank to the
north. The Hikarungi channel can be seen in the Pegasus
Basin. A high-amplitude BSR is observable throughout
most of the basin, and is particularly strong beneath the
Hikarungi channel and to the northwest near the Opouawe
Bank. But, the BSR is discontinuous in several areas as
noted by Griffin et al (2015) and described in Figure 4. In
this area the base of the GHSZ is not observed in the
seismic data, which could result in the interpretation that
gas hydrates are lacking in this region of the subsurface.
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in which µ is the mean of x, σ is the standard deviation, and
E represents the expected value of the quantity. The
exponent, 3, in the summation describes skewness as the
third standardized central moment for probability. Due to
the nature of the GHSZ and the region of free gas below the

Figure 2: The Initial workflow used for identifying gas hydrate
accumulations. The Mat-lab software is used as the main method
for data analyses.

Figure 3: Pegasus Basin 2D full stack Line 17. The green box
highlights the region where the BSR at the base of the GHSZ is
transparent. Figure 4 zooms into this area in more detail.

Figure 4: Pegasus Basin 2D full stack line #17. The BSR is
highlighted by the high negative amplitude response and fades
toward the right section of the seismic plot.
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Figure 5: a) Kurtosis plot of the Pegasus Basin for the far stack Line #17. The bottom simulating reflector is somewhat identifiable on the left
section of the seismic reflector enclosed by the yellow box where free gas is being trapped just below the y axis line 100 (4 seconds).
Additionally, b) provides the plot of the skewness attribute, in which high negative skewness highlights the transition from the GSH and c) is the
co-rendered image of both skewness and kurtosis attributes.
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Discussion:
Based on the results obtained from applying kurtosis and
skewness as attributes to the seismic, some preliminary
interpretations can be inferred. Figure 5a shows a zoomedin image of the far stack seismic data with kurtosis applied
to the seismic data seen in Figure 4. Here we observe a
Northward trend across lithology of low kurtosis values in
the region below the BSR, that follows an abrupt high
positive response. As we extend further Northward, the
defined low kurtosis region terminates in a somewhat
chaotic area, indicating the unclear BSR as described in the
Figure 4. Figure 5b shows a zoomed-in image of the far
stack seismic data after applying the attribute method of
skewness. The region highlighted above the BSR is
consistent of a sudden high negative skewness response,
preceding a region of high positive skewness values that
extends northward. This region becomes fairly chaotic and
indiscernible toward the unclear BSR. A co-rendered image
(Figure 5c) of both the skewness and kurtosis, assists in
observing how the inverse relationship of the two methods
of statistics can provide some information on the
attenuation effects.
Conclusion:
This method of applying statistical measures of the
waveforms as attributes for interpretation, suggests that this
method may provide some promising results in detecting
hydrate accumulations in the subsurface. There are many
additional details and workflow optimizations that must be
taken into consideration upon applying these
measurements, that are crucial in the initial stages of the
project. Further work investigating the effects of the length
of the sliding window and the use of the Fast Fourier
Transform is currently being analyzed. As part of this, we
will investigate the changes caused by using different
window lengths to see whether there are particular
constraints that provide distinguishable patterns in the
waveform. For more detailed understanding of the
attenuation effects, the phase and amplitude components of
frequency obtained from the FFT, will be pivotal in
observing how frequency relates to the environments
containing free gas and hydrates trapped in the GHSZ,
both below and above the BSR.
In order to observe the consistency in the changes to
frequency, the processes mentioned in the study will be
applied to additional 2D seismic lines within the same
region of New Zealand containing the Pegasus Basin. The
goal will be to test these methods in other global regions,

such as Blake Ridge in the Atlantic and areas in the Gulf of
Mexico.
Acknowledgments:
We would like to acknowledge New Zealand Petroleum
and Minerals for access to the seismic data.

