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a b s t r a c t

Tectonic movement of Oman Orogeny and Zagros Orogeny and Hormuz Salt triggering are accompanied
with presence of complex structures in Strait of Hormuz sedimentary basin. Geological model Obtained
via multi-attribute analysis and the extracted geobodies are used to define type and relative age of
channels and faults in offshore area of Strait of Hormuz (Eastern part of Persian Gulf). In this study,
channels and faults were mapped using meta-attributes by a neural network. The probability volume
helps more accurate extraction of channel bodies and fault planes. The channel bodies and fault planes
can be revealed more continuous with dominant edges and subtle flexures as obtained results based on
meta-attributes. Considering this approach, three distinct channel types (small (S), median (M) and large
(L)) are illustrious in different substrates based on various flow powers that extended from West to East.
Normal fault band with the NorthEast-SouthWest trend and few dip toward the East, whereas faulting
may occur during late Mid Miocene- Early Upper Miocene. The main channels (M) and (L) are located on
both sides of the fault in lower and upper deeps within Mid Miocene Mishan Formation sediments, while
channels (S) located away from the fault within Upper Miocene-Pliocene Aghajari Formation sediments.
Processes of sediment transport are very different in Miocene Aghajari and Mishan Formations as form of
meandering channels and their slopes are dissimilar. Sediment supply has led to changing geometry of
meandering channel due to effects of sea-level change. Based on seismic attribute study, slope and form
of channel (M) has been affected by later faulting, whereas slope and form of channel (L) operated in-
dependently. Presence of meandering channel (M) with lower slope and higher sinuosity ratio in com-
parison with meandering channel (L) suggests that channels located in upper horizons of sedimentary
basin could be consider as an appropriate place for hydrocarbon accumulation in intra Mid Miocene
Mishan Formation. Furthermore, revealed channels within Mid Miocene Mishan Formation sediments
are bigger than the channels within Upper Miocene-Pliocene Aghajari Formation. Reservoir properties
study suggests that channel filled sediments are relatively porous than their backgrounds, producing
relatively higher reservoir potential based on the integrated analysis of acoustic impedance and fre-
quency content.

& 2016 Published by Elsevier B.V.

1. Introduction

Modern techniques such as seismic edge-revealing methods
may have the most common application in the petroleum ex-
ploration to direct stratigraphic objectives and structural inter-
pretations of geologic events (Bahorich and Farmer, 1995; Chopra

and Marfurt, 2007a, 2007b). Buried Channels are considered as
potential stratigraphic traps due to lateral extension and porosity
variations. They are three-dimensional facies for hydrocarbon
discovery and recovery. Channels have been affected by climate,
human activity, tectonic movements and sea-level variations.
While many transitional rivers may develop a single channel, there
are also numerous examples of them with multiple channels.
Straight channel is named as flow in a single channel usually tend
to deviate from a straight line, sometimes developing rather an
irregular path, in other cases following more regular meanders.
Although many bedrock channels are straight or slightly sinuous,
the meandering channels are characterized by high sinuosity ratio
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(Miall, 2006; Liu and Marfurt, 2007c). On the other hand, faults
play a critical role in structural explorations, because they not only
may affect reservoir porosity, but also may change the sealing
behavior of the cap rock. Therefore, the application of 3-D seismic
method includes great promise for the detailed mapping of
channels and faults in petroleum system, and even for the better
definition of reservoir heterogeneity. Buried channel and fault
systems detection has been subject of seismic reflection data in-
terpretation (Meldahl et al., 1999, 2001; Aminzadeh and Connolly,
2002; Ligtenberg, 2005).

The compressional movements of the Oman Orogeny, onset
phase of the Zagros Orogeny and Cambrian Hormuz Salt triggering
are accompanied with presence of complex structures in the Strait
of Hormuz sedimentary basin. Revealing channels and faults pro-
vides a better understanding of the region's petroleum system,
due to economical importance of the Strait of Hormuz area. In
2007, National Iranian Oil Company (NIOC) worked on enhancing
channel structures and faults in intra Mishan Formation based on
spectral decomposition. Buried channels in intra Mid Miocene
Mishan Formation which has proper reservoir properties, suggest
them as good places for hydrocarbon accumulation. In 2008, Al-
souki et al. displayed complex structural imaging in the offshore
area of the Strait of Hormuz based on 3D-seismic data inter-
pretation and well logging. The depositional systems are con-
trolled by sea-level changes and salt tectonism. Transport and
deposition of sediments caused by these changes represents for-
mation of a separate channel-belt complex. Sedimentary basin has
been affected by dependent variable and controlling variable, in
turn leading to changes in channel form (Alsouki et al., 2008a,
2008b; Saadatinejad et al., 2011).

Several studies suggest that the different geometric attributes
have been quite useful in revealing geological features such as
faults, channels, salt and sand bodies (Meldahl et al., 2001; Amin-
zadeh and Connolly, 2002; Lozanod and Marfurt, 2008; Mirkamali
et al., 2013). Edge-sensitive attributes such as coherency are em-
ployed to map channel boundaries and highlight reflector edges
and distinguish faults from the surroundings (Bahorich and Farmer,
1995; Tingdahl and de Rooij, 2005). These attributes can easily re-
veal edges based on similarity amount which compared adjacent
seismic waveforms or traces using cross-correlation, semblance and
eigen-structure measures along the dip and azimuth of the seismic
reflectors (Bahorich and Farmer, 1995; Chopra and Marfurt, 2007a).
Seismic curvature attributes have been demonstrated to be useful in
delineating channels, delimiting faults, and fault geometries (Ro-
berts, 2001; Chopra and Marfurt, 2007a, 2007b). Spectral decom-
position methods lead to better delineation of fault and channel
subtle changes (Sinha et al., 2005; Chopra and Marfurt, 2007a;
Castagna and Sun, 2006). The porosity of faulting and channeling
might be enhanced or decreased so it is necessary to know porosity
or lithology of faults and channels. Seismic amplitude inversion
yields model of the earth, represented by an acoustic or elastic
impedance attribute by applying inverse process of seismic wave
propagation. The acoustic or elastic impedances are sensitive to
porosity or lithology variations within the layers that have been
utilized for prediction of channel properties (Russell, 1988; Yilmaz,
2001; Veeken and Da Silva, 2004).

The seismic attributes are not sensitive to particular geological
event. However, each of them supplies different information from
seismic data due to extraction by various mathematical transfor-
mations. Meldahl et al. (1999) introduced a method based on in-
tegration of the information obtained from several sensitive at-
tributes of desired events. The extracted attributes are used to
produce a meta-attribute by a supervised artificial neural network
system that gives the optimal view in mapping the structure and
shape of the desired geological features (Meldahl et al., 1999,
2001; Tingdahl and de Rooij, 2005; Bakhtiari et al., 2009; Khoshdel

and Riahi, 2011; Raeesi et al., 2012). This approach provides seis-
mic interpretation for more data in less time. Recent evidences
have displayed that the method is a powerful exploration tool to
revealing the trapping mechanism and hydrocarbon migration
pathways (Meldahl et al., 2001; Aminzadeh and Connolly, 2002;
Ligtenberg, 2005).

The Mishan and Aghajari Formations, above Guri base Un-
conformity surface, in the Strait of Hormuz consists of several
buried faults and channels which studying of them provides a
better view of the region's petroleum system. In this research, due
to complex structures in the studied area, to delimit faults and
delineate channel boundaries from the surroundings; the prob-
ability volume is used as a meta-attribute by a supervised neural
network. In the first step, to study evolution analysis of the faults
and the channels, fault planes and channel bodies are extracted
based on the probability volume. In the next step, the channels are
studied based on seismic inversion algorithm to investigate their
reservoir properties. The geological model mapping within the
Mishan and Aghajari Formations, above Guri base Unconformity
surface, in the offshore area of the Strait of Hormuz (Eastern part
of Persian Gulf) is generated to provide delineating delimiting
faults and channel boundaries from the surroundings for evolution
analysis.

2. Geology of the study area

The study area is located offshore the Strait of Hormuz (Eastern
part of Persian Gulf) near the South Eastern of Larak Island which
is between Persian Gulf and Oman Sea (Fig. 1A). The Strait of
Hormuz area is formed in confluence of four geological regions
surrounded by the Zagros fold belt to the North-West, the Arabian
platform to the South-West, the Makran basin to the East and the
Oman Mountains and Musandam High to the South. (Alsouki et al.,
2008a, 2008b; Abdollahie Fard et al., 2006). The significant ex-
tensional and compressional tectonic movement of Oman Orogeny
played an effective role in creation of complex structures in the
Strait of Hormuz particularly, beneath Guri base Unconformity
surface during late Cretaceous-Early Tertiary (Alsouki et al.,
2008b).

The continental collision of the Arabian plate with Eurasia plate
probably began by the Oligocene at the northern promontory of
the Arabian plate and propagated southeastwards into the Lower
Miocene, creating a significant unconformity surface (Guri un-
conformity) which Mid-Miocene sediments overlain eroded Pa-
leocene-early Miocene sediments (Alsouki et al., 2008a, 2008b;
Sherkati et al., 2006). In this process, the triggering Cambrian
Hormuz Salt plays a major role to act as decollement surfaces
between the basement and the cover sequence and the old
structural trends and elements were rejuvenated (Fig. 1B). Marls,
limestones and clastic sediments accumulated within the Mid-
Miocene Mishan and Upper Miocene-Paleocene Aghajari Forma-
tions had overlain base Mishan unconformity surface following
the Arabian-Eurasia continental collision related to the main phase
of Zagros folding (Alsouki et al., 2008a, 2008b; Abdollahie Fard
et al., 2006). The southward transportation of the Zagros Fold/
Thrust Belt had a major influence on the structuring and it led to
lateral variations in thickness and depositional facieses (Alsouki
et al., 2008a; Saadatinejad et al., 2011). The depositional systems
have been affected by salt tectonic and sea-level changes. On the
other hand sediment supply is very important in determining
three-dimensional facies. Sediment supply has led to changing
characteristics of the facies due to effects of sea-level change se-
diments (Alsouki et al., 2008a).

The seismic survey in the study area consisted of 192 prime 3D
lines shot with a full fold of 62. The bin geometry was 6.25�25 m.
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