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Introduction

Sequence stratigraphy is a branch of geology that
attempts to divide sedimentary rocks into systematic
sections based on sequence boundaries. A sequence
is defined as a sequence of related sedimentary layers
that is limited by discontinuities or their correlative
conformities [1]. Main stratal surfaces include
maximum flooding surface (MFS), transgressive
surface (TS), regressive surface (RS) and sequence
boundary (SB). Accordingly, there are four system
tracts for a complete sequence of sedimentary rocks.
A low-level tract (LST) system forms during sea-level
fall and creates low-lying wedges, steep cones, and
basin-floor cone deposits. A transgressive system tract
(TST) system consists of sediments that formed as sea
level began to rise and incised valleys filled. Moreover,
TST is defined by the retrograde parasequence set
and is placed directly on the sequence boundary. The
high-stand system tract (HST) is characterized by the
aggradation and then progradation of parasequences as
the rate of sea level rise slows, stops and then reverses.
Falling stage system tract (FSST) or forced regression
systems tract (FRST) forms as sea level starts to fall
and may contains surfaces of forced regression and
usually does not contain parasequences. Erosional
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surfaces and incised valleys form during seal level fall
and are known as the basal surface of forced regression
[2,3]. From this point of view, sequence boundaries are
considered as the most important surfaces. Typically,
sequences are interpreted from seismic data through
the interpretation of stacking patterns. Macroscopic
and microscopic study of cores and thin sections
provides important information for the detection of
geological boundaries. Such information can then be
generalized to well data and seismic data to provide
a three-dimensional surface of sequence boundaries
in a sedimentary basin. The application of statistical
and intelligent methods has become key research in
sequence stratigraphy. Wavelet transform has found
many applications in various fields of earth sciences.
The first studies related to signal processing and
wavelet transform in sequence stratigraphy date back to
2003. Rabiller (2003) used signal processing methods
to speed up the interpretation of log data in the context
of sequence stratigraphy and depositional mode
while improving their consistency by minimizing any
operator error [4]. Alvarez et al. (2003) determined
the rock characteristics of a reservoir using wavelet
transform [5]. Their method is based on estimating the
energy coefficient of the power of signals related to
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gamma ray data as well as seismic effects in the rock.
In both cases, they found significant differences in the
average value of the power factor.

Geological Setting

The Zagros Folded Thrust Belt (ZFTB) is an
approximately 1800 km long region of metamorphic
crustal rocks formed at the collision between the
Arabian Plate and the Eurasian Plate. This region hosts
the largest oil fields in the world, which contains about
49% of the hydrocarbon reserves in the embayment
and about 7% of the total reserves in the world [6,7].
The studied area is located between the southern part
of the folded Zagros belt and the northern part of the
Dezful embayment (Fig. 1). In the late Mesozoic and
early Cenozoic periods, many rocks of terrestrial origin
(such as Kazhdumi, Gurpi and Pabdeh Formations)
and reservoir units (such as Asmari, [lam and Sarvak
formations) were developed in the study area. During
the Miocene this area became a bedrock in which the
thick evaporite bed of Gypsum was deposited. The
presence of thick salt layers of Gachsaran Formation has
caused unconformable folding between the upper and
lower sequences [8,9]. Khami and Bangestan groups
are the main geological units in Dezful embayment.
Khami group consists Fahliyan, Gadvan and Dariyan
formations. Bangestan Group, which is the target of
the present study, includes the main reservoir units
that make Sarvak at this area. The Upper Cretaceous
Sarvak Formation consists of chalky to granular porous
limestones and to a certain extent is dolomitic. The
Lower Cretaceous Sarvak Formation is composed of
a thick succession of chalky and compact mudstone

-wackestone in light brown color. The upper part of
Sarvak Formation consists of red-brown and gray-green
shales, which are considered as members of “Lafan”
shale. The stratigraphic column of the studied area is
shown in Fig. 2.

Results and Discussion

GR, NPHI and DT logs were analyzed by db-5
wavelet into five approximations and five details using
continuous wavelet transformation. In order to avoid
a crowded plot in these figures, only the results of GR
log analysis were displayed. The signals used include
NPHI, DT and GR logs. As seen, the maximum flooding
surface was successfully identified from the high and
low frequency content of the signal (here is the GR
log). There is a sharp peak in all A&D related to MFS,
clearly visible in the a5, d5, d4 and d3 coefficients. The
sequence boundaries are best recognized from the low
frequency contents of the signals, especially the fifth
approximation (a5). Typically, the fifth-approximation
troughs correspond to sequence boundaries where
higher porosities have developed in the upper Sarvak
carbonate rocks. By comparing the results of CWT and
DWT, it can be concluded that a better differentiation
of sequence boundaries and their related systems was
achieved. There is a good agreement between CWT
and DWT results. The peaks that are observed in
the petrophysical logs at the sequence r boundaries
have become clearer by using the wavelet analysis
approach. It should be noted that petrophysical data
are sometimes associated with uncertainties due to
the environmental conditions and calibration, and any
unusual peak can mistakenly be interpreted as one of
the sequence boundaries.

- - -t

Fig. 1 Location map of the study area between the southern part of the Zagros folded belt and the northern part of the Dezful
embayment [7].
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Fig. 2 Stratigraphic column of the study area. Sarvak is the major oil-bearing reservoir.

For this reason, it is necessary to use a set of well
data that are sensitive to the changes of sequence
boundaries. Unlike the neutron, sonic and density
logs, the gamma logs receive the least effect from the
performance of diagenesis processes, for this reason,
it can be used as an important input in the discrete
and continuous wavelet conversion. In addition, the
correlation of system tracts derived based on CWT-

DWT combined wavelet coefficients in three wells
of the study area is shown in Fig. 3. As seen, there
is a good match between the sequence boundaries in
the three studied wells. Finally, during this study, it
was tried to take a new step towards more effective
detection of sequence boundaries by combining CWT
and DWT coefficients.
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Fig. 3 Section showing the correlation of the system tracts derived based on hybrid CWT-DWT wavelet coefficients in three
wells of the study area. For this purpose, first continuous and discrete wavelet coefficients were stacked and normalized
individually. Afterward both CWT and DWT were applied on the product of stacked coefficients. As seen, there is a good
agreement between determined sequence boundaries by using the hybrid wavelet methods.
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Conclusions

The wavelet transform is a useful method for
highlighting sequence boundaries by decomposing
well log data into a set of frequency coefficients. By
converting the wavelet coefficients to the image and
using the appropriate colorization mode, a better
interpretation of the sequence boundaries is achieved.
Furthermore, continuous wavelet transforms of
gamma, neutron, and acoustic data are successful
in highlighting the maximum flooding surface.
Moreover, CWT coefficients in low scales (toward 1)
correspond to microscale features in the signal vector.
The coefficients related to the high scale (toward
32) stretch the wavelet and are better related to the
low frequency content of the signal. The high-scale
CWT coefficients represent the coarse-scale features
in the input signal from well data. Using DWT, the
maximum flooding level is successfully detected from
the highest frequency and low frequency content of
the signals. There is a sharp peak in all A&D related
to MFS, particularly visible in the a5, d5, d4 and d3
coefficients.

The sequence boundaries were well recognized from
the low frequency content of the signal, especially
the fifth approximation (a5). Normally, the troughs
of the fifth approximation correspond to the sequence
boundaries where higher neutron porosities have been
created in the carbonate rocks of the upper Sarvak.
As the results show, not only the sharp peaks but
also the weak fluctuations of GR log are significantly
amplified. The combination of CWT and DWT
coefficients strengthens the response of well logs in
sequence boundaries. Ultimatly, the combined wavelet
decomposition approach can be used as an effective
method to create clearer peaks from petrophysical data
at sequence boundaries.
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Continuwous Wavelet Transform [CSWT)
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Continuocus Wavelat Transform (SWT)
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